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ABSTRACT 

 
Background: Childhood obesity accompanied by low health-related physical 
fitness (HRPF) is a major threat to public health, both internationally and locally. 
Children with intellectual disability (ID), especially adolescents, have a high risk 
of being overweight or obese and of having poor HRPF. More interventions, 
therefore, are needed to help this population attain their optimal health levels. 
However, few studies have examined this population, in contrast to the numerous 
studies designed for their typically developing (TD) peers. The purpose of this study 
was to design a physical activity (PA) intervention for this under-researched 
population and to evaluate its effectiveness on obesity-related outcomes (primary), 
HRPF outcomes (primary), and blood pressure (secondary) as well as its sustained 
effects. 
 
Methods: First, a systematic review and a meta-analysis of lifestyle intervention 
studies on obesity and HRPF were conducted to identify effective intervention 
strategies for the target population and to provide evidence for designing the PA 
programme. Three databases were systematically searched for studies published 
until May 2020. The random effects model was used to pool the weighted results 
with inverse variance methods, and the I2 statistic was applied to assess 
heterogeneity among the included studies.  
 
Second, a school-based randomised controlled trial (RCT) was implemented for 12 
weeks. Participants (N = 30) aged 12–18 years were recruited and randomly 
allocated to either the intervention group (IG) or the waitlist control group (CG). 
The participants in the IG received a fun game–based moderate-to-vigorous PA 
(MVPA) training program (2 sessions/week, 60 minutes/session, for a total of 24 
sessions). The intensity of the activities increased in a progressive manner. 
Participants in the CG received no treatment during the 12-week intervention period. 
All participants were followed up for 12 weeks afterwards to evaluate the sustaining 
effects of the intervention. Study outcomes included primary outcomes (obesity- 
and fitness-related outcomes) and a secondary outcome (blood pressure). All 
measurements were repeatedly taken at baseline, after intervention, and after 
follow-up. Analysis of variance for repeated measures was applied to detect within-
group differences in the measured outcomes across three time points, whereas 
analysis of covariance was performed to evaluate the between-group differences. 
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Results: The systematic review and meta-analysis revealed that PA was the 
predominant intervention component, as it was adopted in 27 of the 29 examined 
studies. Regarding HRPF outcomes, significant effects were found in the 6-minute 
walk test (6MWT; 51.86 m, 95% CI (16.49, 87.22), p < 0.05). However, regarding 
obesity-related outcomes, the lack of research limited our ability to draw 
meaningful conclusions.  
After the PA intervention in the RCT, the participants in the IG showed a significant 
reduction in body weight (−1.15 kg, 95% CI (−1.83, −0.46), p = 0.002) and body 
mass index (BMI; −0.48 kg/m2, 95% CI (−0.74, −0.22), p = 0.001) and a significant 
improvement in the 6MWT (57.54 m, 95% CI (3.20, 111.88), p = 0.039), in the 30-
second sit-to-stand test (4.47 repetitions, 95% CI (1.36, 7.57), p = 0.006), and in 
handgrip strength (2.74 kg, 95% CI (0.99, 4.49), p = 0.003) compared with the CG. 
However, for other obesity-related outcomes (i.e., waist circumference, waist-to-
height ratio, and body fat percentage), other HRPF outcomes (i.e., 1-minute sit-up 
and sit-and-reach tests), and blood pressure, no significant improvements were 
observed in the post-test. Sustained effects were observed in body weight (−1.10 
kg, 95% CI (−1.80, −0.40), p = 0.003) and BMI (−0.46 kg/m2, 95% CI (−0.73, 
−0.19), p = 0.002) and in the 6MWT (38.89 m, 95% CI (1.51, 76.27), p = 0.042) 
and 30-second sit-to-stand test (3.56 repetitions, 95% CI (1.43, 5.70), p = 0.002) 
but not in handgrip strength (1.76 kg, 95% CI (−2.66, 3.79), p = 0.086).  
 
Conclusions: This study provides evidence that a school-based PA intervention 
with moderate-to-vigorous exercise intensity can induce positive effects on 
reducing body weight and BMI as well as improving certain components of HRPF 
(6MWT, 30-second sit-to-stand, handgrip strength). The findings of this study 
contribute to the development and implementation of PA interventions for obesity 
and HRPF in children with ID. To examine whether larger effects are likely, long-
term double-blind studies with a large sample size should be considered in future 
research. 
 
Trial registration: This trial is prospectively registered at the ClinicalTrials.gov 
PRS (Trial ID: NCT04554355; Date of First Posted: September 17, 2020). 
 
Keywords: Adolescents, children, intellectual disability, physical activity, 
overweight, obesity, systematic review, intervention 
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CHAPTER 1. INTRODUCTION 

1.1 Background of the study 

1.1.1 Children with intellectual disability (ID)  

1.1.1.1 Definition of child and adolescent 

According to Cambridge Dictionary, “child” is defined as a boy or girl from the 

time of birth until he or she is an adult (aged 0-18 years), while “adolescent” is 

defined as a young person who is developing into an adult (aged 12-18 years). 

1.1.1.2 Definition of ID  

Intellectual disability (ID) is a disability characterised by significant limitations 

in both intellectual functioning and adaptive behaviour that affects many everyday 

social and practical skills. This disability originates before the age of 18 (Schalock 

et al., 2010).  

Individuals with ID are usually diagnosed using a standardised intelligence test 

(Pratt & Greydanus, 2007), which calculates an intelligence quotient (IQ) score 

(Parmenter, 2011). A person with an IQ score of less than 70 is defined as having 

ID, which the World Health Organisation (WHO) further classifies into four levels, 

shown in Table 1.1 (Pratt & Greydanus, 2007). 

 
Table 1.1 
Classification of ID by WHO* 
Level  IQ1 

Mild 50-69 
Moderate 35-49 
Severe 20-34 
Profound Under 20 
Note. * Source: Pratt & Greydanus, 2007; 1 IQ, intelligence quotient 
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1.1.1.3 Population size of children with ID 

Globally, the prevalence of ID in all age groups varies between 0.05% to 1.55%, 

approximately 85% of the affected people have mild ID, 10% have moderate ID, 

4% have severe ID, and 2% have profound ID. The prevalence of ID in children 

was 1.83% of the entire global paediatric population (McKenzie, Milton, Smith, & 

Ouellette-Kuntz, 2016). In China, the latest National Sample Survey on Disability 

indicated that 5.54 million individuals have been diagnosed with ID, resulting in an 

overall prevalence of 0.75% (Xiong et al., 2009). Among children (0–17 years of 

age), the prevalence rate of ID was 0.9%, with a boys to girls prevalence ratio of 

1.25:1 and accounting for 56.7% of all disabilities among children (Xiong et al., 

2009). The prevalence ratio to be ID between boys and girls was 1.25 to 1 (Xiong 

et al., 2009). Regarding ID levels, 50.6% of the affected children have mild ID, 

26.9% moderate ID, 12.1% severe ID, and 10.4% profound ID (Xiong et al., 2009).  

1.1.1.4 Health status of children with ID 

Children with ID have increased incidences of co-existing medical problems 

such as epilepsy, cerebral palsy, hearing impairment and visual impairment. 

Commonly associated developmental problems in children with ID include 

attention deficit, hyperactivity disorder, autism spectrum disorder, and mood 

disorders (Must et al., 2014; Hinckson & Curtis, 2013). In addition to these medical 

problems, children with ID have some modifiable health problems, such as higher 

levels of obesity (Must et al., 2014; Wang et al., 2018), lower levels of physical 

activity (PA) (Hinckson & Curtis, 2013) and lower levels of health-related physical 

fitness (Collins & Staples, 2017).  
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1.1.2 Overweight and obesity among children with ID 

1.1.2.1 Definition of overweight and obesity 

Overweight and obesity have been defined as ‘abnormal or excessive fat 

accumulation that presents a risk to health’ (World Health Organization (WHO), 

2017). The most commonly used index to classify overweight and obesity is body 

mass index (BMI), which is defined as a person’s weight in kilograms divided by 

the square of his/her height in metres (kg/m2). For adults, the widely used BMI 

range to classify overweight is a score of 25–29.9, and the obesity score is 30 and 

above (WHO, 2017). However, for children, the relative amount of body fat 

changes with age. Hence, BMI cut-off scores for overweight and obesity in adults 

cannot simply be applied to children. Instead, the cut-offs proposed by the 

International Obesity Task Force (IOTF) have been widely used to assess childhood 

overweight and obesity (Cole, Bellizzi, Flegal, & Dietz, 2000; Cole, Flegal, 

Nicholls, & Jackson, 2007). These standards are based on BMI data from six 

countries and districts: the UK, the USA, the Netherlands, Brazil, Singapore and 

Hong Kong (Cole et al., 2000, 2007). Table 1.2 shows the BMI cut off points for 

overweight and obesity by sex for children between 2 and 18 years old (Cole et al., 

2000). 

 
Table 1.2                                                 
International BMI criteria for overweight and obesity by sex for children between 
2 and 18 years old* 

Age (years) 
Body mass index (25 kg/m2) Body mass index (30 kg/m2) 

Males Females Males Females 
2 18.41 18.02 20.09 19.81 

2.5 18.13 17.76 19.80 19.55 
3 17.89 17.56 19.57 19.36 

3.5 17.69 17.40 19.39 19.23 
(Continues) 
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(Continued) 

Age (years) 
Body mass index (25 kg/m2) Body mass index (30 kg/m2) 

Males Females Males Females 
4 17.55 17.28 19.29 19.15 

4.5 17.47 17.19 19.26 19.12 
5 17.42 17.15 19.30 19.17 

5.5 17.45 17.20 19.47 19.34 
6 17.55 17.34 19.78 19.65 

6.5 17.71 17.53 20.23 20.08 
7 17.92 17.75 20.63 20.51 

7.5 18.16 18.03 21.09 21.01 
8 18.44 18.35 21.60 21.57 

8.5 18.76 18.69 22.17 22.18 
9 19.10 19.07 22.77 22.81 

9.5 19.46 19.45 23.99 23.46 
10 19.84 19.86 24.00 24.11 

10.5 20.20 20.29 24.57 24.77 
11 20.55 20.74 25.10 25.42 

11.5 20.89 21.20 25.58 26.05 
12 21.22 21.68 26.02 26.67 

12.5 21.56 22.14 26.43 27.24 
13 21.91 22.58 26.84 27.76 

13.5 22.27 22.98 27.25 28.20 
14 22.62 23.34 27.63 28.57 

14.5 22.96 23.66 27.98 28.87 
15 23.29 23.94 28.30 29.11 

15.5 23.60 24.17 28.60 29.29 
16 23.90 24.37 28.88 29.43 

16.5 24.19 24.53 29.14 29.56 
17 24.46 24.70 29.41 29.69 

17.5 24.73 24.85 29.70 29.84 
18 25 25 30 30 

Note. * Source: Cole et al., 2000. 
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1.1.2.2 Prevalence of overweight and obesity  

Prevalence among typically developing (TD) children: The global prevalence 

of overweight and obesity among TD children has risen dramatically from 4% in 

1975 to over 18% in 2016 (WHO, 2017). This rising trend has been found in a wide 

range of countries (Wang et al., 2011; Waters et al., 2011). For example, in the 

United States, obesity prevalence increased from 13.5% in 1995 to 18.5% in 2016. 

In China, the prevalence of overweight and obesity increased from 1.1% in 1985 to 

20.4% in 2014 (Song et al., 2019). 

Prevalence among children with ID: Children with ID have a higher 

prevalence of overweight and obesity than their TD peers. Maiano (2016) reviewed 

16 studies to examine the global prevalence of overweight and obesity in children 

with ID and found that the prevalence of overweight and obesity among children 

with ID was 30% to 33%. The data are similar in China. A cross-sectional study of 

1873 children (aged 6-18 years) with ID in 35 special schools showed that the 

prevalence of overweight and obesity was 32.6% (Yuan et al., 2021). In addition, a 

rising trend in overweight and obesity among children with ID has been observed 

(Frey & Chow, 2006; Maïano, 2011; Wang et al., 2018).  

Comparison between the two population groups: In summary, children with 

ID might be more vulnerable to obesity than other children (Lee et al., 2017; Wang 

et al., 2018). This is supported by global data showing that children with ID are 

1.54 to 1.8 times more at risk of overweight and obesity. The data show that Chinese 

children with ID are 1.6 times more likely to be overweight or obese than TD 

children (Wang, Gao, & Lau, 2017; Yuan et al., 2021). The higher prevalence and 

increasing trend of overweight and obesity among children with ID deserves 

attention. 
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1.1.2.3 Consequences of overweight and obesity  

Childhood obesity is one of the most serious global public health challenges of 

the 21st century, affecting every country in the world (WHO, 2017). It leads to 

short- and long-term risks, including cardiovascular diseases and metabolic 

syndrome, chronic effects for self-esteem, body image and the persistence of 

obesity into adulthood (Reilly et al., 2003). Between 25% to 50% of individuals 

who are obese in adolescence remain obese in adulthood (Reilly et al., 2003). In 

addition, some non-communicable diseases, such as hypertension and diabetes, 

which used to occur in adulthood, have become more prevalent in children, mainly 

due to obesity and unhealthy lifestyle (Juliaty et al., 2018). As a result, blood 

pressure is often used as an outcome measured in obesity treatment or prevention 

studies (Elmahgoub et al., 2011). Moreover, increased cardiovascular risk factor 

levels and several other adverse consequences can result in increased morbidity in 

early life as well as in later adulthood (Rodgers et al., 2019).  

Obesity not only puts individuals at increased risk of death from numerous 

causes (Cole et al., 2007), it also has psychosocial and economic consequences 

(Harriger & Thompson, 2012). Psychosocial discrimination against obese children 

can bring about social isolation with accompanying psychological and behavioural 

developmental problems (Lee, 2009).  

1.1.2.4 Determinants of childhood overweight and obesity  

Determinants among TD children: Obesity is a multifactorial health issue that 

is affected by genetics, metabolic factors, socioeconomic factors and lifestyle 

choices (Powell, 2019). It is also influenced by a family history of obesity, 

medications, stressful life events, low self-esteem and emotional problems such as 

depression (Chun et al., 2016). However, among all of these factors, an energy 
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imbalance between calories consumed and calories expended is the fundamental 

cause of obesity among children (Waters, Campbell, et al., 2011). Unhealthy eating 

and lack of physical activity (PA) have been identified as the major culprits in 

childhood obesity (Agras & Mascola, 2005). Studies of PA levels (Gordon-Larson, 

Adair, & Popkin, 2002) have found that physically inactive children were 1.52 to 

2.45 times more likely to be overweight or obese than active children. Furthermore, 

the data on children’s PA levels were not encouraging in a wide range of countries. 

For example, globally, only 27% to 33% of children met the PA recommendations, 

i.e., at least 60 minutes of moderate to vigorous PA (MVPA) a day. In the United 

States, approximately 24% of children participated in 60 minutes of PA every day 

(Huang et al., 2019); in China, only 13.1% of children met the PA guidelines (Liu 

et al., 2019).  

Determinants among children with ID: Children with ID are vulnerable to 

overweight and obesity, not only because of the general reasons given above, but 

also because of their limited power to choose and adopt healthy behaviours 

(Cadenas-Sanchez et al., 2016; Wang et al., 2018). As a result, these populations 

tend to have higher intakes of energy-dense foods (i.e., fried food and sweetened 

beverages). They also consume more meat, fish and eggs, have shorter sleep 

durations and have longer periods of sedentary behaviour. It has been reported that 

94% of children with ID do not meet the global PA recommendations for 

accumulating at least 60 minutes of MVPA daily (Wang et al., 2018). In addition, 

the effects of parenting practices on children’s lifestyle have been examined, as 

these children’s habits are highly dependent on their parents’ attitudes and practices. 

It has been revealed that parents’ pressure to eat more increases the energy intake 

of children with ID, and therefore increases the risk for obesity (Wang et al., 2018).  
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1.1.3 Health-related physical fitness (HRPF) among children with ID 

1.1.3.1 Definition of HRPF 

HRPF consists of the components of fitness that are affected by habitual PA and 

related to health status. It is characterised by (a) an ability to perform and sustain 

daily activities and (b) the demonstration of the capacities that are associated with 

a low risk of the premature development of diseases and conditions related to 

movement (Koch et al., 2011). The components of HRPF include body composition, 

cardiopulmonary fitness (CPF), muscular strength, muscular endurance and 

flexibility (Corbin et al, 2000). Muscular strength and muscular endurance have 

been included into a single category termed muscular fitness (American College of 

Sports Medicine (ACSM), 2018). Table 1.3 gives the definitions and commonly 

used indicators of each component.  
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Table 1.3 
Definitions and commonly used indicators of HRPF components 
Component Definition Indicators  
Body 
composition 

The relative amounts of muscle, 
fat, bone and other vital body parts 
(Bouchard & Shephard, 1994). 

  Weight 
  BMI 
  Waist 

circumference 
  Skinfolds 

Cardiopulmonary 
fitness (CPF) 

The ability of the circulatory and 
respiratory system to supply 
oxygen during sustained PA 
(Bouchard & Shephard, 1994). 

  Distance/timed 
run tests 

  Shuttle run tests 
  Treadmill tests 

Muscular fitness 
(muscular 
strength and 
endurance) 

Muscular strength refers to the 
muscle’s ability to exert a maximal 
force on one occasion; muscular 
endurance is the muscle’s ability to 
continue to perform successive 
exertions or repetitions against a 
submaximal load (ACSM, 2018).  

  Sit-up 
  Curl-up 
  Handgrip 
  Push-up 
  Long jump 
  Sit-to-stand 

Flexibility The range of motion available at a 
joint (Bouchard & Shephard, 
1994). 

  Sit-and-reach 
  Shoulder stretch 

 

1.1.3.2 Levels of HRPF 

Levels of HRPF among TD children: The Global Matrix 3.0 (Aubert et al., 

2018) evaluated HRPF levels in children (age range: 9-17 years) from 22 countries. 

The matrix reported that the average grade was ‘C-’. The highest grade, ‘A’, was 

found in Japan, and the lowest grade, ‘F’, was found in India. The United States 

received a ‘C-’, and China received a ‘D’.  

Among the five components of HRPF, CPF was found to be associated with a 

marked increase in the risk of premature death from all causes (ACSM, 2018). 

Therefore, it is an important indicator of current and future health perspectives 
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among children worldwide (Aubert et al., 2018). However, the most updated global 

representative data from 25 million children (age range: 6 to 19 years) from 27 

countries collected between 1958 and 2003 revealed that there has been a global 

decline in CPF performance of 0.36% per year (Olds, Tomkinson, Léger, & Cazorla, 

2006). This decline has been found across different countries for other periods as 

well. For example, in the United States, the percentage of children aged 12 to 15 

years with adequate levels of CPF decreased from 52% in 2000 to 42% in 2012 

(Gahche et al., 2014). In China, Zhu (2017) reported a two-decade decline in 

children’s PRPF levels, which included CPF levels. Although it did not report the 

percentage of the decline, it found that by 2016 only 6% of children in China 

achieved an ‘excellent’ fitness status. As a result, it may be difficult to meet the 

Health China 2030 goal of have 25% of Chinese children achieve an ‘excellent’ 

HRPF performance (Zhu et al., 2017).  

Levels of HRPF among children with ID: Data from several studies have 

demonstrated a general trend towards lower levels of HRPF in children with ID 

than in TD children (Golubović, Maksimović, Golubović, & Glumbić, 2011; 

Wouters, Evenhuis, & Hilgenkamp, 2017; Wu et al., 2017). For example, a recent 

cross-sectional study (Wouters, Evenhuis, & Hilgenkamp, 2019) of HRPF in a 

sample of 128 children with moderate and severe ID found that 71% to 91% scored 

below the reference values (for TD children) for CPF and muscular fitness. Another 

study (Golubović et al., 2011) examined the effects of exercise on CPF and 

muscular fitness in children (N=87) with ID. This study compared three groups, an 

intervention group (IG=21, children with ID) and two control groups (CG1=21, 

children with ID, and CG2=45, TD children). After a 6-month exercise intervention 

programme, the IG participants had higher levels of CPF and muscular fitness than 
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the CG1 participants, but lower levels than the CG2 participants. This study further 

demonstrated that children with ID have lower levels of HRPF than TD children, 

even with appropriate interventions. 

More evidence is needed to support this observation, but information about 

HRPF among children with ID is scarce. Several countries or districts have 

developed report cards on physical activity for children with special needs, for 

example Dutch and Hong Kong. These reports cards provide important information 

for surveillance and global comparison. However, they lack information about 

physical fitness, comparing with report cards developed for typically developing 

children (Burghard et al., 2018; Sit et al., 2020). WHO (2017) states that children 

with ID have the same right to attain optimal health as TD children. The lack of 

survey information about this population may have significantly reduced the 

generalizability of the study’s findings. More survey studies on this topic are 

warranted.  

1.1.3.3 Association of HRPF levels with health 

The American College of Sports Medicine (ACSM) recognises that HRPF 

levels ‘have a strong relationship with overall health, and are associated with a 

lower prevalence of chronic disease and health conditions and their risk factors’ 

(ACSM, 2018). It is considered one of the most important health markers across a 

person’s lifespan (Ortega, Ruiz, Castillo, & Sjöström, 2008). The following 

paragraphs summarise the health benefits of each HRPF component. For 

information about body composition, please refer to Section 1.1.2.3.  

Cardiopulmonary fitness (CPF): In 2016, the American Heart Association 

published an official scientific statement advocating that CPF be categorized as a 

clinical vital sign and should be routinely assessed as part of clinical practice (Ross 
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et al., 2016). It is well established that low levels of CPF are associated with a 

marked increase in the risk of premature death from all causes. In contrast, high 

levels of CPF are associated with higher levels of habitual PA, which in turn are 

associated with many health benefits (ACSM, 2018). For example, high levels of 

CPF can reduce the incidence of cardiovascular disease (CVD), metabolic 

syndrome, musculoskeletal limitations, type 2 diabetes, hypertension, certain types 

of cancer, osteoporosis, poor health perceptions and all-cause mortality (Pedersen, 

2007; Wei et al., 1999). 

Muscular fitness (muscular strength and endurance): Decreased mortality 

rates and risk factors for developing CVD, type 2 diabetes, certain types of cancer, 

metabolic syndrome and osteoporosis (FitzGerald et al., 2004b, 2004a) have been 

found to be associated with greater muscular fitness. Specifically, research has 

shown that higher muscular fitness leads to improvements in musculoskeletal health, 

functionality, body composition, total cholesterol, triglycerides, glucose tolerance, 

bone strength and mass, and joint mobility (FitzGerald et al., 2004a). 

Flexibility: Flexibility is an important part of the ability to carry out activities 

of daily living. Consequently, maintaining joint flexibility facilitates movement and 

may prevent injury. In contrast, when an activity moves the structures of a joint 

beyond its full range of movement, tissue damage can occur (ACSM, 2018). 

1.1.3.4 Determinants of childhood HRPF 

Determinants of HRPF among TD children: Data from several studies suggest 

that PA is the major modifiable determinant of HRPF among TD children 

(Papoutsou, George Briassoulis, Maike Wolters, Iacoviello, Gabrielle Eiben , 

Toomas Veidebaum, Dénes Molnar, & Nathalie Michels, Luis A Moreno, 2016). 

All of the HRPF components have been found to be significantly associated (P＜
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0.001) with PA (Zaqout et al., 2016). Specifically, physically active children have 

better CPF than inactive children (boys: OR: 2.05, 95% CI = 1.40–3.01; girls: OR: 

1.63, 95% CI = 1.16–2.30) (Hsieh et al., 2014). In addition, there is an inverse 

association between HRPF levels and BMI in children (Fogelholm, Stigman, 

Huisman, & Metsämuuronen, 2008). A 2-year longitudinal study revealed that 

changes in HRPF levels could be predicted by a child’s BMI with the strongest 

effects found in CPF (beta=-0.124, p＜0.001) and lower-limb strength (beta=-0.076, 

p=0.002) (Zaqout et al., 2016). HRPF levels were also strong predictors of total and 

abdominal obesity among children (Galavíz et al., 2012). The performance of 

children’s HRPF were also determinant by other factors, such as diet, sleep duration 

and parental factors (Zaqout et al., 2016). However, these determinants did not 

work independently without increases in PA (Zaqout et al., 2016). 

Determinants of HRPF among children with ID: As with TD children, PA, 

BMI and the other factors mentioned above have been found to be determinants of 

HRPF among children with ID. However, as children with ID are more likely to be 

less active and overweight/obese, BMI and PA may have stronger effects among 

this population than among TD children.   

In addition, lower scores in HRPF are also associated with limited mental ability 

and a short attention span (Hartman, Houwen, Scherder, & Visscher, 2010), 

limitations and impediment in motor development (Frey & Chow, 2006), sedentary 

lifestyle and lack of motivation to try one’s best during testing (Lotan, Isakov, 

Kessel, & Merrick, 2004). Test scores are also influenced by ID level (Skowroński, 

Horvat, Nocera, Roswal, & Croce, 2009). 
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1.1.4 Interventions to control fatness and improve HRPF levels among 

children with ID 

Interventions designed for TD children: Amini (2015) conducted a review of 

reviews of the effectiveness of school-based interventions intended to prevent or 

control childhood obesity. The review considered all of the English language 

systematic reviews, meta-analyses, reviews of reviews, policy briefs and reports 

that considered interventional studies that aimed to prevent or control 

overweight/obesity in a school setting and used a control group. The review 

concluded that multi-component interventions were superior to single component 

interventions for adiposity reduction. Furthermore, the duration of interventions 

was a determinant of effectiveness: longer durations were associated with more 

powerful effects. Treatment studies were more effective for overweight/obese 

children than prevention studies. In addition, although BMI was found to be a 

feasible indicator of overweight/obesity, and is currently used in studies worldwide, 

it should not be the only criterion used in studies of reduction of adiposity. 

Moreover, despite the usefulness of psychological theories for understanding 

behavioural changes, the majority of the studies did not mention the theory they 

used (Amini et al., 2015). 

The trends identified above have been supported by other systematic reviews 

(Ash, Agaronov, Young, Aftosmes-Tobio, & Davison, 2017; Boff, Liboni, Batista, 

de Souza, & Oliveira, 2017; Epstein, Paluch, Roemmich, & Beecher, 2007; Nooijen, 

Galanti, Engström, Möller, & Forsell, 2017; Wilfley et al., 2007) of studies of 

childhood weight control. In addition, some reviews of family-based studies have 

suggested that weight-loss interventions might be more effective if they involve 

family members (Ash et al., 2017; Wilfley et al., 2007). Moreover, several 
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systematic reviews have suggested that delivering material via the Internet and apps 

can be a good alternative for improving participants’ knowledge about health (Ajie 

& Chapman-Novakofski, 2014; Baer, Cho, Walmer, Bain, & Bates, 2013).  

As mentioned in Section 1.1.3.3, HRPF levels have a strong relationship with 

overall health, and higher HRPF levels are associated with a lower prevalence of 

chronic diseases and their risk factors (ACSM, 2018. To date, a number of studies 

have attempted to evaluate the effectiveness of interventions for HRPF among TD 

children.  

Vasconcello (2014) conducted a systematic review of studies of PA in 

overweight/obese adolescent children. Seven of the ten studies that assessed 

changes in CPF levels found an improvement in CPF levels. All six of the studies 

that assessed muscle fitness found an improvement following a PA intervention. 

Together, these reviews demonstrated that PA intervention might improve HRPF 

levels among children who are overweight or obesity (Vasconcellos et al., 2014). 

Consistent with Vasconcello (2014), four of the five studies in a systematic 

review by Sun et al., (2013) showed that PA interventions were effective in 

increasing HRPF levels. Furthermore, it found that improved HRPF levels might 

be determined by the cumulative amount of PA performed (a combination of PA 

intensity, frequency, duration and length of the intervention), not only the length of 

an intervention. Shorter interventions that lasted less than 14 weeks might be more 

effective than longer length interventions (more than 14 weeks) if they included 

higher PA intensity, frequency and longer time spent on PA.   

Interventions designed for children with ID: It is well recognised that obesity 

and low levels of HRPF represent major health threats for children with ID (Boer 

et al., 2014; World Health Organization (WHO), 2017; Wu et al., 2017). Available 
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studies highlight the extremely high prevalence of obesity (Wang et al., 2011; 

Waters et al., 2011) and lower levels of HRPF (Golubović, Maksimović, Golubović, 

& Glumbić, 2012; Wouters et al., 2017) in children with ID, compared with TD 

children. The higher prevalence of obesity and lower levels of HRPF in this 

population highlight the need for interventions targeting changes in body weight 

and levels of HRPF. However, unlike interventions for TD children, interventions 

for children with ID are very scarce, despite the fact that they are even more 

vulnerable to obesity and have lower levels of HRPF (Frey & Chow, 2006; Wang 

et al., 2018).  

To date, three reviews have examined intervention effects on changes in body 

weight and/or HRPF levels. In a systematic review and meta-analysis, Harris et al. 

examined the effects of six physical activity (PA) interventions in young adults 

(aged 16-24 years) that were described as including aerobic and resistance activities 

(Harris, Hankey, Murray, & Melville, 2015). The meta-analysis did not find 

significant effects of PA intervention on body weight (kg) and other anthropometric 

outcomes (i.e., BMI, body fat percentage, and waist circumference). The authors 

acknowledged that they could not draw any firm conclusions due to the limited 

number of studies involved and made an urgent call for more intervention studies 

in the future. Another systematic review focused on lifestyle interventions among 

youth (aged 7-22 years) with intellectual disability, including PA, diet, health 

education, health promotion and cognitive-behavioural strategies. The review of 

nine studies concluded that interventions involving PA were effective in reducing 

body weight, BMI, fat mass, and peak VO2 / peak power; and effective in increasing 

peak power, maximal upper- and lower-limb strength, and sit-ups. However, 

inconsistent results were found for body fat percentage, waist circumference, and 
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peak heart rate (Christophe Maïano, Normand, Aimé, & Bégarie, 2014). A third 

review examined the effects of six interventions for excessive weight among 

children with ID (Bertapelli, Pitetti, Agiovlasitis, & Guerra-Junior, 2016). The 

intervention types identified included PA training and parental engagement. No 

consistent results were found for any of the intervention types.  

According to the three reviews, PA was the most frequently used approach to 

reduce obesity and/or improve HRPF levels for children with ID. However, it 

remains unknown which types of PA interventions are more effective in improving 

fitness levels and/or reducing obesity. In addition, the most recent study included 

in the three review articles was published in 2014. Since that time, there has been 

an increase in the number of interventions for children with ID in reducing obesity 

and/or improving HRPF levels. Hence, an update on the literature is needed.  

1.2 Problem statement  

Childhood obesity accompanied by low HRPF is a major threat to public health 

worldwide (Catley & Tomkinson, 2013). Children with ID, who account for 1.83% 

of the entire global paediatric population, are more vulnerable to obesity (odds ratio 

(OR) = 1.54–1.8) and low HRPF than their typically TD peers (Maïano et al., 2016a; 

Wouters et al., 2017; Wu et al., 2017). In contrast to the large body of research on 

effective interventions against obesity and low HRPF among TD children, few 

studies have examined the effectiveness of similar interventions among children 

with ID. In addition, evidence obtained from studies on TD children may not be 

directly applicable to children with ID, as the latter face additional risk factors due 

to their limited intellectual functioning and adaptive behaviours. The WHO (2017) 

argued that children with ID have the same rights to optimal health as do the rest of 
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the population. Thus, there is an urgent need to develop and implement effective 

measures to reduce obesity and improve HRPF in this paediatric population. 

Regarding children with ID, the situation in China is similar to that across the 

world: they face more health problems, including obesity and poor HRPF (Xu et al., 

2020; Wang et al., 2018). However, only three interventions have been designed 

for Chinese children with ID. First, a 12-week cross-circuit exercise programme 

was administered to overweight and obese children with ID (aged 13–19 years) in 

Taiwan, China; this study reported effective improvements in obesity- and HRPF-

related outcomes (Wu et al., 2017). Second, a 24-week mHealth programme for 

weight loss was administered in overweight and obese children with ID (aged 8–16 

years) in Hong Kong, China; this study did not find significant effects on any 

obesity-related outcomes (Lee et al., 2017). Third, a 12-week Tai Chi intervention 

for improving HRPF and weight loss was designed for children with ID (aged 10–

18 years) in mainland China; this study reported significant effects only for HRPF-

related outcomes (Kong et al., 2019). 

Given China has a large number size of ID population, the latest National 

Sample Survey on Disability indicated that 5.54 million persons were living with 

ID, of which 2.68 million were children (Xiong et al., 2009); the prevalence of 

overweight and obesity in Chinese children with ID was 32.6%, similar to situation 

reported by other countries (ranged 30%-33%) (Maïano et al., 2016; Yuan et al., 

2021); and for HRPF, although there was no relevant data on HRPF levels of 

children with ID, but the overall data of children showed that Chinese children have 

lower HRPF levels than the average level (Aubert et al., 2018). Thus, there is an 

urgent call for effective interventions to reduce obesity and improve fitness in 

Chinese children with ID. However, there were only two interventions for Chinese 
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children with ID (one in Taiwan, the other in mainland China), none of them 

adopted RCT design and emphasized “fun” for exercise (Wu et al., 2017; Kong et 

al., 2019). Thus, I decided to conduct the study in Chinese ID students. 

The transition from adolescence to young adulthood is recognised as a 

particularly high-risk period for weight gain and reduction in HRPF (Gordon-

Larsen, Nelson, & Popkin, 2004). There is clear evidence that unhealthy lifestyles, 

obesity, and poor HRPF established in adolescence continue into adult life and 

ultimately contribute to early mortality (Whitlock et al., 2009). Therefore, 

adolescent children with ID should be a priority target population for interventions.   

Overall, despite childhood obesity accompanied by low HRPF being a major 

threat to public health, few interventions have been implemented among this 

population to improve associated health problems. Moreover, evidence from 

studies on TD children may not be directly applicable to children with ID, because 

the latter are associated with additional risk factors. As children with ID have the 

same right to optimal health as TD children, there is an urgent need to develop and 

implement effective interventions to reduce fatness and improve fitness in children 

with ID. As the transition from adolescence to young adulthood has been identified 

as a critical period for reducing obesity and improving fitness, adolescent children 

were identified as a suitable target population for this study. 

1.3 Study purpose 

The study developed, implemented, and evaluated an intervention to reduce 

obesity and improve HRPF levels among adolescent children with ID in China. A 

systematic review and meta-analysis on previous interventions was conducted and 

reported in Chapter 2, aiming to identify effective lifestyle approaches to reduce 

obesity and improve HRPF levels in children with ID, and provide reference for 
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developing this intervention study. The primary outcomes of the intervention study 

were fatness-related outcomes and HRPF outcomes. The secondary outcome was 

blood pressure. Specifically, the objectives of the study were as follows: 

(1) To evaluate the effectiveness of the intervention on obesity-related 

outcomes (primary outcomes), with a comparison to a control group and 

adjustment for confounding factors (e.g., baseline value and lifestyle 

factors). 

(2) To evaluate the effectiveness on HRPF outcomes (primary outcomes), with 

a comparison to a control group and adjustment for confounding factors 

(e.g., baseline value and lifestyle factors). 

(3) To evaluate the effectiveness of the intervention on blood pressure 

(secondary outcome), with a comparison to a control group and adjustment 

for confounding factors (e.g., baseline value and lifestyle factors). 

(4) To evaluate sustainable effects of the intervention on all outcomes, with a 

comparison to a control group and adjustment for confounding factors (e.g., 

baseline value and lifestyle factors). 

1.4 Research questions 

To fulfil the purposes of the study, the following questions were examined. 

(1) Does a school-based PA programme administered to the intervention group 

significantly reduce obesity-related outcomes compared with a control 

group?  

(2) Does a school-based PA programme administered to an intervention group 

significantly improve HRPF outcomes compared with a control group?  

(3) Does a school-based PA programme administered to an intervention group 

significantly reduce blood pressure compared with a control group? 
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(4) Does the school-based PA programme administered to an intervention group 

have sustained effects on all outcomes compared with a control group? 

1.5 Research hypotheses 

Based on the research questions, the following four hypotheses were tested.  

(1) Hypothesis 1: The school-based PA programme administered to the 

intervention group would significantly reduce fatness-related outcomes 

compared with the control group. 

(2) Hypothesis 2: The school-based PA programme administered to the 

intervention group would significantly improve HRPF-related outcomes 

compared with the control group. 

(3) Hypothesis 3: The school-based PA programme administered to the 

intervention group would significantly reduce blood pressure compared 

with the control group. 

(4) Hypothesis 4: The school-based PA programme administered to the 

intervention group would have sustainable effects on all outcomes 

compared with the control group. 

1.6 Study significance 

Childhood obesity accompanied by low HRPF is a major threat to public health 

both internationally and locally (Catley & Tomkinson, 2013). Children with ID, 

especially adolescents, have a high risk of being overweight/obese and having low 

HRPF (Maïano et al., 2016; Gao et al., 2018; Lee et al., 2017). More interventions 

are needed to help this population attain their optimal health. However, research on 

this population has been limited relative to studies on their TD peers. 

This study fills the aforementioned knowledge gap by designing and evaluating 

a PA intervention for children with ID. Thus, the findings benefit children with ID 
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directly. This is one of the few studies detailing the design of a PA intervention 

programme in children with ID. A systematic review and meta-analysis (Chapter 2) 

provide an updated evidence base, including effective strategies, for developing the 

PA intervention in this study and lifestyle programmes for future research. 

Moreover, this study serves as an example for international researchers, 

policymakers, and members of the public seeking to address the problem of obesity 

and poor HRPF among children with ID. 

1.7 Delimitations  

The delimitations of the study are as follows.  

(1) Only overweight and/or obese adolescent children (12-18 years) with ID 

from special schools in mainland China were recruited for the study. 

(2) The participants must be without physical disabilities, a medical 

predisposition towards obesity (such as genetic syndrome), without 

contraindications of PA and had at least one guardian who was able to 

participate in the study. 

1.8 Assumptions 

The following assumptions was held when conducting this study.  

(1) It was assumed that all of the participants were able to understand and follow 

the training instructions in the PA training sessions. 

(2) It was assumed that all of the guardians were able to understand the items 

stated in the instruments, such as questionnaires and data collection guide.  

(3) It was assumed that all of the participants and their guardians responded 

honestly to all of the questions and give truthful information.   
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CHAPTER 2. SYSTEMACTIC REVIEW AND META-ANALYSIS ON 

INTERVENTIONS FOR OBESITY AND HEALTH-REALTED PHYSICAL 

FITNESS IN CHILDREN WITH INTELLECTUAL DISABILITY 

 

The aim of this Chapter was to identify effective lifestyle interventions to 

reduce obesity and improve HRPF levels in children with ID, and provide reference 

for developing the intervention study in the thesis.  

2.1 Methods 

The systematic review and meta-analysis has been reported in accordance with 

the Preferred Reporting Items for Systematic Review and Meta-Analysis 

(PRISMA). The checklist is available in Appendix 1.  

2.1.1 Search strategy 

Five databases, Medline, Embase, PsycINFO, SPORTDiscus and ERIC were 

searched from their inception to May 2020. The following categories of keywords 

were used: population-related (e.g., child, adolescent, kid and student), 

intervention-related (e.g., exercise, healthy eating and lifestyle) and outcome-

related (e.g., body weight, fat mass and fitness). The full search strategy is detailed 

in Appendix 2. 

2.1.2 Study selection 

The eligibility of the studies identified by the keyword searches was first 

assessed by reading the titles and abstracts. The full text of each potentially eligible 

study was retrieved for further assessment. Any study meeting the following criteria 

was included in this review: (1) a sample with a mean age of less than 18 years; (2) 

intelligence quotient (IQ) scores of less than 70; (3) non-drug and non-surgical 

interventions that aimed at promoting HRPF levels and/or decreasing obesity and 
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included one or several lifestyle components (i.e. dieting, PA, health education or 

parental engagement); (4) study outcomes included body composition, 

cardiopulmonary fitness, muscular fitness or flexibility; and (5) published in 

English in peer-reviewed journals. Exclusion criteria were: (1) review papers and 

(2) on-going projects without results. The reference lists of the studies that met 

these criteria were manually checked to identify additional publications. Moreover, 

review articles on relevant intervention studies were retrieved by searching for 

eligible interventions. AW and SY selected articles in parallel. AW and YS 

reviewed the selected articles in parallel and retrieved the data. JW, TKT and YG 

made final decisions when there were any disagreements.  

2.1.3 Quality assessment 

For studies with randomized control trials (RCTs), the Revised Tool to Assess 

Risk of Bias in Randomized Trials (RoB 2.0) was used. This tool assesses quality 

in five domains, including randomization process, deviations from the intended 

intervention, missing outcome data, measurement of the outcome, and selection of 

the reported result (Sterne et al., 2019). For non-randomized control trials (non-

RCTs), the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) 

was used. This tool assesses quality in seven domains, including confounding, 

selection of participants, classification of interventions, deviations from intended 

interventions, missing data, measurement of outcomes, and selection of the reported 

result (Sterne et al., 2016). The assessment was conducted independently by AW 

and YS; YG made the final decisions when there were any disagreements. 
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2.1.4 Data extraction and data analysis 

The following data were extracted from each study: authors, study location, year 

of publication, study design, study aim, participant information (including sample 

size, level of intellectual disability, age, gender, body weight and other recruitment 

criteria), intervention description (including type, duration, frequency, contents, 

and follow-up information) and main outcomes. An ‘effective’ study was defined 

as a study that reported statistically significant improvements from baseline or 

between groups in at least one obesity-related or fitness-related outcome. Some 

studies evaluated their effects on both obesity and fitness. It was therefore possible 

for a study to be recorded as effective for reducing obesity but ineffective for 

improving fitness, or vice versa. 

Meta-analysis was conducted using Review Manager (version 5.4) for each 

category of intervention strategy when there were three or more studies in that 

category reporting the same obesity-related or HRPF outcomes. For different 

outcomes, meta-analysis in treatment studies and prevention studies was conducted 

separately. Treatment refers to a study in which participants were overweight and/or 

obese, while a prevention study is one with participants of all weight ranges. The 

random-effects model was used to pool the weighted results by inverse variance 

methods (DerSimonian & Laird, 2015), and the I2 statistic was applied to assess 

heterogeneity among the studies (Grant & Hunter, 2006). Results with a p <0.05 

were reported as statistically significant. Only studies fulfilling the following three 

selection criteria were included in the meta-analysis: (1) studies with RCT 

(randomized controlled trail) design; (2) sample size, means and standard 

deviations (SDs) of changes in interested outcomes of each group can be retrieved 

or calculated; and (3) without substantial heterogeneity (substantial heterogeneity 
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was defined with I2>50% or p-value <0.1 in the Chi-square test assessing the 

heterogeneity of effect size across interventions). Lastly, sensitivity analysis was 

performed by removing those “weak” quality studies to examine the reliability of 

the results of meta-analysis. 

2.2 Results 

2.2.1 Search results 

Figure 2.1 provides a flowchart documenting the literature search. A total of 

6648 studies were initially identified, of which 432 were duplicates and 6141 were 

not relevant. The duplicated and irrelevant articles were removed after reviewing 

the titles and abstracts. In addition, 6 studies were excluded as the full-texts were 

not available. The remaining 69 full-text articles were retrieved. Finally, 29 articles 

met the selection criteria and were included. Appendix 3 provides the 

characteristics of all the included studies.  
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Figure 2.1 Description of the literature search 
 

2.2.2 Characteristics of intervention studies 

The publication years of the 29 studies ranged from 1999 to 2019, with 24 

published after 2010 (Studies # 1-5,8-10,12-16,18-20,22-29).  A total of 865 

participants with a mean baseline age ranging from 7.9–17.9 years were recruited. 

A summary of the study characteristics is presented in Table 2.1. The numbers of 

the included studies are provided in Table 2.2 and Table 2.3. Of the 29 studies, more 

than half (n = 17) were randomised control trials (RCTs), while the others were 

non-RCTs. Intervention durations (excluding follow-up periods) ranged from 8–96 

weeks. Seventeen studies were of a short-term intervention duration (≤12weeks). 
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The majority of the studies (n = 26) did not include a follow-up period. Ten studies 

were treatment studies and the other 19 were prevention studies. Fourteen studies 

recruited adolescents (12–18 years), four studies recruited young children (<12 

years) and the other 11 studies included both adolescents and young children. In 

terms of levels of ID, seven studies focused on children with mild ID (IQ score 50–

69), two studies focused on children with moderate ID (IQ score 35–49) and the 

other 20 studies focused on children with mixed levels of ID (IQ score <70). Ten 

studies (Studies # 3,4,6,7,9,15,20,23,25,27) further delimited the study population 

as children with ID with Down syndrome or autism.  
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Table 2.1 
Characteristics of the included intervention studies 

Category 
Number of  
studies (N=29) 

Study Number (#) 

Study design   

RCT1   17 1,3,4,6,9,10,12,13,16,18-21,23,26,28,29 

Non-RCT  12 2,5,7,8,11,14,15,17,22,24,25,27 

Target population    

 Overweight and obese 

subjects2 
10 2,5,6,8,9,14,24,25,28,29 

Subjects with all weight 

ranges3 
19 1,3,4,7,13,15-23,26,27 

Age group   

Adolescent 14 1,3,6-10,12,14,19,20,22,23,28 

Young children 4 11,13,15,16 

Both 11 2,4,5,17,18,21,24-27,29 

Level of intellectual disability   

Mild 7 2,13,18-20,22,28 

Moderate 2 12,16 

Mixed  20 1,3-11,14,15,17,21,23-27,29 

Duration of intervention  

Short-term (≤12weeks) 17 6-9,11,12,15,16,18-24,26,29 

Long-term (＞12weeks) 12 1-5,10,13,14,17,25,27,28 

Follow-up after intervention  

Yes 3 11,23,24 

No 26 1-10,12-22,25-29 

Intervention strategies  

PA4 only 24 1-23,26 

PA plus    3 24,25,27 

PA+diet+parental 

engagement 
1 24 

PA+health education 2 25,27 

Diet+health 

education+parenatal 

engagement 

1 29 

eHealth Promotion 1 28 
 (Continues) 
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Table 2.1 (Continued)    

Category 
Number of  
studies (N=29) 

Study Number (#) 

Type of outcomes   

Obesity-related  19 1-8,10,14,19,21-29 

Fitness-related  22 1,6,8-27 

Both  12 1,6,8,10,14,19,21,22,24-27 

Notes. 1 RCT, randomized controlled trial; 2 PA, physical activity; 3 Overweight and obese subjects, 

subjects were selected according to their body mass index (BMI) values (mean baseline BMI ranged 

22.3-31.0 kg/m2 across the studies reviewed); 4 Subjects with all weight ranges, subjects were 

recruited without consideration of their BMI. 

2.2.3 Intervention strategies  

Five intervention strategies were identified: PA, diet, parental engagement, 

health education and eHealth promotion. PA was the most frequently used strategy 

in the reviewed studies, with 24 studies adopting a PA only approach and three 

studies adopting a PA plus approach (i.e., adopting PA together with other 

strategies). The other two studies used strategies that did not involve PA.  

2.2.3.1 PA only  

Detailed information about the PA programmes are provided in Table 2.2. 

Aerobic exercise (n = 15) and resistance exercise (n = 9) were the most frequently 

used exercise types. For training duration, most of the studies delivered short-term 

PA training (n = 16). For session duration, most of the studies delivered their 

programmes in sessions of between 30–60 minutes in length (n = 18). For 

intervention frequency, two sessions/week (n = 10) and three sessions/week (n = 9) 

were frequently used. Of the seven studies that reported data on exercise intensity, 

four of them adopted vigorous PA, two adopted moderate-to-vigorous PA and one 

adopted light-to-moderate PA. Moreover, 18 studies used an adapted PA training 

design, with the exercise intensity and/or duration of the sessions progressively 

increasing.
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Table 2.2 
Information on the physical activity (PA) strategies used in the 27 PA intervention studies 

Study No. (#) 
Exercise mode Time  

(minutes/session) 

Frequency  

(sessions/week) 
Intensity  

Progressively increase on 

intensity and/or session 

durations 

Intervention 

duration 

(week) 
Aerobic Resistance  Others 

Boer, 2014 1 X   40 2 NA X 15 

Salaun, 2014 2 X X  30-60 2 LM6   30 

González, 2013 3   X (WBV)1 15-20 3 NA X 20 

González, 2011 4  X  20-25 2 NA X 21 

Casey, 2010  5 X   60 3 NA X 16 

Elmahgoub, 2009 6 X X  50 3 Vig7   10 

Ordonez, 2006 7   X (NA)2 30-60 3 NA X 12 

Wu, 2017 8 X X  50 5 NA  12 

Shields, 2010 9  X  NoI 2 NA X 10 

Elmahgoub, 2011 10 X X  50 
2 

Vig   15 

3 10 

Lotan, 2004 11 X   20 7 NA X 8 

Giagazoglou, 2012 12   X (Hip)3 30 2 NA  10 

Golubović, 2012  13   X (NA) 45 3 NA  24 

Stanish, 2012 14 X X  60 2 MV8   15 

(Continues) 



      
 

 

32 

Table 2.2 (Continued) 

Study No. (#) 
Exercise mode 

Time  

(minutes/session) 

Frequency  

(sessions/week) 
Intensity  

Progressively increase on 

intensity and/or session 

durations 

Intervention 

duration 

(week) 
Aerobic Resistance  Others 

Collins, 2017 15 X   90 1 NA X 10 

Giagazoglou, 2013 16   X (Tra)4 20 7 NA  12 

Halle, 1999 17 X   30 3 Vig  20-23 

Kachouri, 2016  18 X X  45-60 3 NA X 8 

Kocić, 2017 19 X   25-35 4 NA X 8 

Lee, 2016  20   X (Bal)5 40 2 NA  8 

Ozmen, 2007 21 X   60 3 Vig  12 

Stanisic, 2012  22 X   30 4 NA X 8 

Shields, 2013 23  X  NoI 2 MV  10 

Hinckson, 2013 24 X   60 2 NA  10 

Haney, 2014 25 NA 60 7 NA  40 

Kong, 2019 26 X   60 2 NA  12 

Messiah, 2019 27 X X  60 5 NA  96 

Note. 1 WBV, whole body vibration; 2 NA, no information; 3 Hip, hippotherapy; 4 Tra, trampoline; 5 Bal, balance; 6 LM, light to moderate; 7 Vig, vigouous; 8 

MV, moderate to vigorous. 
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2.2.3.2 PA plus 

Three studies combined PA with other intervention strategies. Hinckson et al. 

applied a 10-week (two hours/session, two sessions/week, 18 sessions) weight loss 

programme that used PA plus diet and parental engagement, and involved one hour 

of family PA (involving both children and parents) followed by one hour of diet 

and motivational sessions for parents. The diet and motivational sessions provided 

information about portion size, food labelling, food festivals, food groups, eating 

out, modelling, triggers, sleep routines, goal setting and rewards. The study 

assessed obesity-related outcomes, HRPF outcomes, exercise performance and 

qualitative data about diet (Hinckson et al., 2013). 

Haney et al. conducted a 10-month fitness improvement programme consisting 

of PA (one hour/session, daily) plus health education (one homework hour, weekly, 

no detailed description). This study evaluated obesity-related outcomes, HRPF 

outcomes and nutritional knowledge (Haney et al., 2014).  

Messiah et al. applied a two-year cardiovascular health and fitness improvement 

programme consisting of PA (one hour/session, five sessions/week) plus health 

education (20-30 minutes/session, 1-2 sessions/week, topics covered a health and 

wellness curriculum, which was grounded in the American Heart Association’s 

scientific recommendations in promoting heart-healthy lifestyles). The study 

assessed obesity-related outcomes, HRPF outcomes, blood pressure, health and 

wellness behaviours and knowledge (Messiah et al., 2019). 

2.2.3.3 Strategies not involving PA 

Two studies adopted strategies that did not involve PA (Table 2.3). Lee et al. 

adopted mHealth promotion to reduce overweight and obesity. Compared to 

strategies used in PA only and PA plus studies, this was a new approach that 
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integrated advanced technology and parental involvement in a weight reduction 

programme. This 6-month school-based weight management programme (SBWMP) 

was conducted with the aid of mHealth tools, which provided parents with a number 

of activities and lessons. The content focused on extending and sustaining students’ 

healthy lifestyle behaviours from schools to the home setting. Participants from the 

intervention group were compared to those in the control group, which used usual 

school activities and no parental involvement. Obesity-related outcomes, 

psychological outcomes and health knowledge were all evaluated in this study (Lee 

et al., 2017). 

Ptomey et al. conducted a 2-month weight loss programme that combined diet, 

health education and parental engagement in its intervention strategies. This study 

was used to compare two weight-loss diets: the conventional reduced-energy diet 

(CD) and the enhanced Stop Light Diet (eSLD). During the intervention, regular 

meetings via video chat (30 mins/week) were conducted among participants, 

parents, and a registered dietitian nutritionist (RDN) to help build up healthy 

behaviours. Obesity-related outcomes were measured (Ptomey et al., 2015). 
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Table 2.3 
Intervention strategies of two studies not involving physical activity (PA) 
Study Ref. No. 

(#) 
Intervention type, duration, and 
follow-up 

Intervention description 

Lee, 

2017 

28 mHealth promotion; 

Duration: 6 months; 

Follow-up: Nil 

School-based weight management programme (SBWMP, 60mins/session, 24 sessions): 

1) 1-8sessions:parent skill training; 

2) 9-16session:facilitated students’ health behavior change via 

face-to-face contact; 

3) Other 8 sessions: group support via Facebook, apps, email and 

phone calls for both students and parents. 

Ptomey, 

2015 

29 Diet & healthy Education & parental 

engagement; 

Duration: 2 months 

Follow-up: Nil 

Weight loss program: 

1) Enhanced Stop Light Diet (eSLD): enhanced with the addition 

of fruits and vegetables (5 servings/day) and high-volume, 

low-energy portion controlled meals (PCMs) consisting of 

two entrées and two shakes per day; 

2) Conventional reduced-energy diet (CD): consume a 

nutritionally balanced, high-volume, lower fat diet; 

3) Home education: video chat, 30 min, once a week through 

Tablet Computer, track diet intake, PA, and give 

encouragement. 
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2.2.4 Quality assessment results 

Table 2.4 shows the findings of the quality assessment of the RCTs. Four 

studies had a low risk of bias, two studies had some concerns of bias, and the 

remaining 11 studies had a high risk of bias. The major sources of bias were due to 

Deviations from intended interventions’ (e.g. people delivering the intervention 

were aware of participants’ assigned intervention during the trial) and 

“Measurement of the outcome” (e.g. outcome assessors were aware of the 

intervention received by study participants). Table 2.5 presents the results of the 

quality assessment of the non-RCTs. Three studies had a moderate risk of bias, 

whereas the remaining nine studies had a serious risk of bias. The risk of bias was 

largely due to “Confounding” (e.g. at least one important confounder was not 

controlled for) and “Measurement of outcomes” (e.g. the outcome measure was 

subjective). 
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Table 2.4 
Quality assessment (RoB 2.0): Randomized controlled trials 
Study Randomization 

process 

Deviations from 

intended interventions 

Missing outcome 

data 

Measurement of 

the outcome 

Selection of the 

reported result 

Overall 

Boer et al., 2014 Low Low  Low Low Low Low 

Elmahgoub et al., 2009 Low Low Low Low Some concerns Some concerns 

Elmahgoub et al., 2011 Low Some concerns Low High Low High 

Giagazoglau et al., 2012 Low Some concerns Low High Low High 

Giagazoglau et al., 2013 Low Some concerns Low High Low High 

Golubović et al., 2012 Low Some concerns Low High Low High 

González-Agüero et al., 2011 Low Some concerns Low High Low High 

González-Aguero et al., 2013 Low Some concerns Low High Low High 

Kachouri et al., 2016 Low Low Low High Low High 

Kocić et al., 2017 Low Low Low Low Low Low 

Kong et al., 2019 Low Some concerns Low Low Low Some concerns 

Lee et al., 2016 Low Some concerns Low High Low High 

Lee et al., 2017 Low Some concerns Low High Low High 

Ozmen et al., 2007 Low Some concerns Low High Low High 

Ptomey et al., 2015 Low Some concerns Low High Low High 

Shields et al., 2010 Low Low Low Low Low Low 

Shields et al., 2013 Low Low Low Low Low Low 

Notes: In each study, the overall risk of bias is equal to the most severe level of bias found in any domain. 
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Table 2.5 
Quality assessment (ROBINS-I): Non-randomized controlled trials 

Study Confounding Selection of 

participants 

Classification 

of 

interventions 

Deviations 

from intended 

interventions 

Missing 

data 

Measurement 

of outcomes 

Selection 

of reported 

results 

Overall 

Casey et al., 2010 Serious Low Low Moderate Low Low Moderate Serious 

Collins et al., 2017 Serious Low Low Low Low Low Low Serious 

Halle et al., 1999 Serious Moderate Moderate Moderate Low Serious Low Serious 

Haney et al., 2014 Moderate Low Low Low Low Low Low Moderate 

Hinckson et al., 2013 Serious Low Low Low Low Moderate Low Serious 

Lotan et al., 2004 Serious Low Moderate Low Moderate Serious Moderate Serious 

Messiah et al., 2019 Moderate Low Low Low Low Moderate Low Moderate 

Ordonez et al., 2006 Serious Moderate Moderate Low Low Moderate Low Serious 

Salaun et al.,2014 Serious Low Low Low Low Moderate Low Serious 

Stanish et al., 2012 Serious Low Low Low Low Moderate Low Serious 

Stanišić et al., 2012 Serious Low Low  Low Low Low Low Serious 

Wu et al., 2017 Moderate Low Low Low Low Low Low Moderate 

Notes: Low means the study comparable to a well-performed randomized trial; Moderate means the study appears to provide sound evidence for a non-

randomized study but cannot be considered comparable to a well-performed randomized trial; Serious means the study has some important problems. In each 

study, the overall risk of bias is equal to the most severe level of bias found in any domain. 
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2.2.5 Outcomes and effectiveness  

Of the 29 studies, two studies (Studies # 28,29) did not use PA as an intervention 

component. Both of these evaluated obesity-related outcomes, but significant 

results were only achieved in one study (Study # 29). The effectiveness of the 27 

studies that used PA intervention was reviewed below for each outcome (Studies # 

1-27). 

2.2.5.1 Obesity-related outcomes and effectiveness  

Seventeen studies (Studies # 1-8,10,14,19,21,22,24-27) evaluated obesity-

related outcomes, of which 12 were regarded as ‘effective’ (Studies # 1-

8,10,14,26,27), which means there was a statistically significant reduction in 

obesity from baseline or between groups. Table 2.6 summarises the effectiveness 

of the individual outcomes separately. The most commonly reported obesity-related 

outcomes were BMI (n = 8), body weight (n = 9), body fat percentage (n = 8), waist 

circumference (n = 7) and fat mass (n = 6).  
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Table 2.6 
Obesity-related outcomes and significance 

Outcomes 
Enrolled  

participants 

Number of 

studies (PA1 

only/ 

PA plus) 

Number of 

studies 

(short-term2 

/long-term3) 

Number of 

studies 

(treatment/ 

prevention) 

Number of 

studies 

(RCT4 / 

Non-RCT) 

Number of studies (effective/all) 

All 
PA 

only 

PA 

plus 

Short 

term 

Long 

term 
Treatment Prevention RCTs 

non-

RCTs 

BMI5  164 7/1 4/4 5/3 4/4 5/8 5/7 0/1 3/4 2/4 3/5 2/3 3/4 2/4 

BMI z-score 27 0/1 0/1 1/0 0/1 0/1 Nil 0/1 Nil 0/1 0/1 Nil Nil 0/1 

Weight 144 9/0 5/4 4/5 5/4 4/9 4/9 Nil 3/5 1/4 2/4 2/5 2/5 2/4 

Waist 

circumference  

138 5/2 3/4 4/3 4/3 4/7 4/5 0/2 1/3 3/4 2/4 2/3 3/4 1/3 

Body fat 

percentage 

137 8/0 5/3 2/6 3/5 4/8 4/8 Nil 1/5 3/3 2/2 2/6 1/3 3/5 

Fat mass 89 6/0 3/3 2/4 4/2 4/6 4/6 Nil 3/3 1/3 2/2 2/4 2/4 2/2 

Waist to 

height ratio  

50 1/1 0/2 2/0 0/2 1/2 1/1 0/1 Nil 1/2 1/2 Nil Nil 1/2 

Waist to hip 

ratio  

61 1/1 1/1 1/1 1/1 0/2 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 

Skinfold 313 1/1 1/1 0/2 1/1 1/1 0/1 1/1 0/1 1/1 Nil 1/2 0/1 0/1 

Total 615 14/3 8/9 7/10 8/9 12/17 11/14 1/3 4/8 8/9 5/7 7/10 6/8 6/9 

Note. 1 PA, physical activity; 2 short term, the intervention duration equal or less than 3 months; 3 long-term, the intervention duration longer than 3 months; 4 

RCT, randomized controlled trail; 5 BMI, body mass index. 
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For treatment studies, meta-analysis for obesity-related outcomes was not 

conducted as there were not enough studies to be included. 

For prevention studies, the results of the meta-analysis for obesity-related 

outcomes were presented in Figure 2.2. For BMI, three RCTs with PA only were 

included (Studies # 3,10,26) and no significant effect was found (mean difference 

(MD): -0.07 kg/m2; 95% CI (-1.83, 1.69), p=0.94). For body weight, four RCTs 

with PA only were included (Studies # 1,3,10,19) and no significant effect was 

observed (MD: -0.90 kg, 95% CI (-10.34, 8.54), p=0.63). For body fat percentage, 

three RCTs with PA only were included (Studies # 1,19,21) and no significant effect 

(MD: -1.38, 95% CI (-4.20, 1.44), p=0.34) was found. For waist circumference, 

three RCTs-with PA only were included (Studies #1,10,26) and no significant effect 

(MD: -1.3 cm, 95% CI (-4.31, 1.72), p=0.40) was observed. For fat mass, three 

RCTs with PA only were included (Studies # 3,4,10) and no significant effect (MD: 

0.28 kg, 95% CI (-0.22, 0.77), p=0.27) was observed. Meta-analysis of other 

obesity-related outcomes (i.e., waist-to-height ratio, waist-to-hip ratio, BMI z-score) 

in prevention studies was not conducted because there were not enough studies to 

be included.  
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Figure 2.2 Mean differences in obesity-related outcomes between the 
experimental groups and the control groups 
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2.2.5.2 HRPF outcomes and effectiveness 

Twenty-two studies (Studies # 1,6,8-27) evaluated HRPF outcomes. The 

effectiveness of these studies on each HRPF outcome is given in Table 2.7. 

2.2.5.2.1 Cardiopulmonary fitness 

Sixteen studies (Studies # 1,6,8,10,11,13-15,19,21,22,24-27) evaluated 

cardiopulmonary fitness (CPF). Thirteen of them reported statistically significant 

improvements from the baseline or between groups (Studies # 1,6,10,13-

15,17,19,21,22,26,27). 

For treatment studies, meta-analysis for CPF was not conducted because there 

were not enough studies to be included. 

For prevention studies, the results of the meta-analysis for CPF were presented 

in Figure 2.3. For 6-minute walk distance (6MWD), three RCTs (Studies # 1,10,26) 

with PA only were included in the meta-analysis and showed an overall mean 

difference of 51.85 m (95% CI (16.49, 87.22), p=0.004) in favor of the intervention 

group, without significant heterogeneity (p=0.89, I2=0%). Meta-analysis of peak 

oxygen uptake (VO2), heart rate-related (HR-related) outcomes, and shuttle run 

performance could not be conducted as insufficient studies met the selection criteria.  
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Table 2.7 
Health-related physical fitness (HRPF) outcomes and significance 

Outcomes 
Enrolled  

participants 

Number of 

studies 

(PA1 only/ 

PA plus) 

Number of 

studies 

(short-term2/ 

long-term3) 

Number of 

studies 

(treatment/ 

prevention) 

Number of 

studies 

(RCT4 / 

Non-RCT) 

Number of studies (effective/all) 

All 
PA 

only 

PA 

 plus 

Short 

term 

Long 

term 
Treatment Prevention RCTs 

Non 

RCTs 

CPF5            

 6MWD6  155 7/1 5/3 3/5 5/3 7/8 7/7 0/1 4/5 3/3 2/3 5/5 5/5 2/3 

 Peak VO27   47 3/0 1/2 1/2 3/0 1/3 1/3 Nil 0/1 1/2 0/1 1/2 1/3 Nil 

 HR-related8  126 8/1 5/4 3/6 4/5 4/9 4/8 0/1 2/5 2/4 0/3 3/6 1/4 3/5 

 Shuttle run 396 3/2 2/3 1/4 2/3 4/5 3/3 1/2 2/2 2/3 0/1 4/4 2/2 2/3 

Sub-total 622 13/3 9/7 5/11 7/9 13/16 12/13 1/3 7/9 6/7 2/5 11/11 7/7 6/9 

Muscular strength           

 Lower limbs 212 10/0 7/3 2/8 10/0 8/10 8/10 Nil 6/7 2/3 2/2 6/8 8/10 Nil 

 Upper limbs  200 7/0 4/3 3/4 6/1 4/7 4/7 Nil 2/4 2/3 1/3 4/4 4/6 1/1 

 Abdomen 90 4/0 2/2 2/2 1/3 4/4 4/4 Nil 2/2 2/2 2/2 2/2 1/1 3/3 

Sub-total 281 13/0 9/4 4/9 10/3 11/13 11/13 Nil 8/9 3/4 4/4 7/9 8/10 3/3 

Muscular endurance  440 5/2 3/4 2/5 4/3 7/7 5/5 2/2 3/3 4/4 2/2 5/5 4/4 3/3 

Flexibility  422 4/2 3/3 2/4 2/4 2/6 2/4 0/2 2/3 0/3 0/2 2/4 1/2 1/4 

Total9 711 19/3 15/7 6/16 13/9 Nil Nil Nil Nil Nil Nil Nil Nil Nil 

Note. 1 PA, physical activity; 2 short term, the intervention duration equal or less than 3 months; 3 long-term, the intervention duration longer than 3 months; 4 

RCT, randomized controlled trail; 5 CPF, cardiopulmonary fitness; 6 6MWD, 6-minute walk distance; 7 Peak VO2, peak oxygen uptake; 8 HR, heart rate; 9 

Considered that too many components were involved in fitness-related outcomes, significance in one simple component would not be represented for others. 
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Cardiopulmonary fitness (6-minute walk test) 

 

 
Figure 2.3 Mean differences in health-related physical fitness (HRPF) outcomes 

between the experimental groups and the control groups 
 

 

2.2.5.2.2 Muscular strength 

Thirteen studies evaluated muscular strength outcomes (e.g., lower limb, upper 

limb, and abdominal muscular strength) (Studies # 1,6,8-10,12-15,18,20,23,26). 

Eleven of the 13 studies reported significant improvements from the baseline or 

between groups (Studies # 6,8-10,12-15,18,20,23). Meta-analysis could not be 

conducted as there were not enough studies included in both the treatment and 

prevention studies. 

2.2.5.2.3 Muscular endurance 

Seven studies evaluated muscular endurance (using 1 minute of sit-ups or push-

up) (Studies # 1,6,10,15,25-27). All these studies reported statistically significant 

improvements from baseline or between groups. Meta-analysis could not be 

conducted as there were not enough studies that included both treatment and 

prevention studies. 

2.2.5.2.4 Flexibility 

Six studies evaluated flexibility (using sit-and-reach) (Studies # 14-16,25-27), 

two of which reported statistically significant improvements from baseline or 

between groups (Studies # 15,16). Meta-analysis was not conducted as there were 

not enough studies included in both the treatment and prevention studies. 
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2.2.6 Effectiveness of PA elements 

As PA is the predominant intervention means adopted for this population in the 

included studies (27 out of 29), exploring the effectiveness of the different PA 

programmes might help to provide future directions for the design of PA 

programmes for improving HRPF levels and reducing obesity among children with 

intellectual disability. The detailed information about these PA programmes is 

provided in Table 2.2. The evidence in this review suggests that aerobic exercise 

combined with resistance exercise was the most effective method for reducing 

obesity (all 6) and improving HRPF levels (all 6). Short-term PA training was the 

most frequently used element (16 out of 27) among the included interventions, but 

when compared to long-term interventions, the evidence wasn’t able to suggest 

which one had larger effects. PA programmes in sessions of 30–60 minutes were 

most effective for reducing obesity (10 out of 15) and improving HRPF levels (16 

out of 18). A frequency of two sessions/week (n = 11) and three sessions/week (n 

= 9) were equally effective at reducing obesity (6 out of 7 with two sessions/week 

and all 6 with three sessions/week) and improving HRPF levels (8 out of 9 with two 

sessions/week and 5 out of 6 with three sessions/week). An adapted PA training 

design with the exercise intensity and/or duration of the sessions progressively 

increasing was effective at reducing obesity (9 out of 12) and improved fitness 

levels (all 13).  

2.2.7 Effectiveness of intervention settings 

Among the 29 involved studies, 18 studies adopted school-based approaches, 

five studies applied community-based approaches, one study used a family-based 

approach, the remaining five studies did not provide information about the 

intervention setting. For school-based interventions, 14 studies evaluated obesity-

related outcomes and nine of them reported significant effects; 16 studies evaluated 

fitness-related outcomes and all reported significant effects. For community-based 

interventions, two studies evaluated obesity-related outcomes and one of them 
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reported significant effects; four studies evaluated fitness-related outcomes and 

three of them reported significant effects. There was only one family-based 

intervention assessing obesity-related outcomes and reporting significant effects. 

That study did not evaluate any fitness-related outcomes. Overall, the evidence 

suggested school-based approach was the most frequently used intervention setting 

and could provide significant effects on both obesity- and fitness-related outcomes.   

2.2.8 Sensitivity analysis 

Compared with our main results, the differences in change in the involved 

outcomes did not change significantly when “weak” quality studies were removed 

(see Appendix 4).  

2.3 Discussion 

This chapter conducted a systematic review of lifestyle intervention studies 

among children with ID to identify effective intervention strategies to reduce the 

risks of overweight/obesity and improve the HRPF levels. The systematic review 

suggests that PA interventions could reduce obesity and improve fitness levels 

among children with ID. However, the meta-analyses found significant effects of 

the studies on cardiopulmonary fitness only. The results from the summary of the 

effectiveness of the individual outcomes and meta-analyses, respectively, were 

different mainly due to the following: (1) The study designs were different in the 

two analyses, the meta-analyses were restricted to RCTs; (2) The criteria of 

“effective” was different. In the summary of the effectiveness of the individual 

outcomes, an ‘effective’ study was defined as a study that reported statistically 

significant improvements from either the baseline or between groups, whilst in the 

meta-analyses, effectiveness was defined using an overall effect across different 

studies (intervention versus control). Only results with a p<0.05 could be reported 

as statistically significant. 

Meta-analyses may provide more robust and precise conclusions than 

systematic reviews without meta-analyses. However, in this review, very few 
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studies were included in the meta-analysis: only 3 to 4 studies in a subgroup were 

eligible. We therefore could not draw a robust conclusion from the meta-analysis. 

In addition, some outcomes were reported in the systematic review but not in the 

meta-analysis, due to the insufficient number of eligible studies. For example, 

waist-to-height ratio, as a useful measure for central adiposity, is recommended for 

obesity screening in clinical practice in children (Yoo, 2016). However, it was 

excluded from the meta-analysis as no RCTs reported this outcome. Hence, more 

interventions with these outcomes are encouraged in future to have a better 

understanding about the effects of lifestyle interventions on obesity. 

According to our findings, CPF can be significantly improved by PA 

interventions among children with ID, which is consistent with findings of previous 

studies on TD children (Papoutsou1 et al., 2016). Research recognizes that HRPF 

levels have a strong relationship with overall health, every improved HRPF 

component, including CPF, can provide people with health benefits (Pescatello et 

al., 2014). Taking muscular strength as an example, it has been suggested that a 

higher level of muscular fitness leads to improvements in musculoskeletal health, 

body composition, and bone strength (FitzGerald et al., 2004a). Therefore, the 

World Health Organization (WHO, 2020) recommends that children and 

adolescents perform muscle strength training at least three days a week to improve 

their muscular fitness. However, meta-analysis on muscular fitness was not 

conducted as there were not enough RCTs to be included in both treatment and 

prevention studies. Thus, given their relationships with health, the ignored HRPF 

components like muscular fitness should be measured in lifestyle interventions in 

future. Data from several studies suggest that PA is the major modifiable 

determinant of HRPF among TD children (Papoutsou et al., 2014; Papoutsou1 et 

al., 2016), and all of the HRPF components are significantly associated (P<0.001) 

with PA interventions (Zaqout et al., 2016). However, the effects of PA intervention 

could be influenced by exercise intensity, frequency, session time, and type of 
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exercise (Neto et al., 2014). Hence, how to better develop PA programs to achieve 

the most effectiveness must be considered. Moreover, how to promote PA programs 

to engage the majority of the population should also be addressed in future studies.      

  For obesity-related outcomes, no significant reduction was observed as a 

result of the intervention studies reviewed. This finding is consistent with previous 

meta-analytic reviews among children with intellectual disability. For example, 

Harris et al. examined the effects of six PA interventions in a meta-analysis but did 

not find significant effects of PA interventions on obesity-related outcomes (Harris 

et al., 2015). In this study, meta-analysis was not conducted in any treatment studies 

due to the lack of treatment studies to be included. However, given treatment studies 

usually have higher effects than prevention studies, the results of no significant 

effects of PA approaches on obesity-related outcomes might be changed if more 

treatment studies were involved in the future. Additionally, the lack of effects of 

PA approaches could be attributed to the amount of exercises in PA intervention 

studies (Neto et al., 2014). Further analysis of all the PA approaches included in 

this study suggest the most commonly used program components include short-

term durations (63.0%), two sessions/week (40.7%), 30–60 minutes of session time 

(74.0%), vigorous PA (57.1%), a progressive increase in intensity and/or session 

duration (72.0%) and aerobic exercise (58.6%). It has been reported that the training 

effects would be jointly influenced by all these components (Liu et al., 2019). 

However, this effect was ignored by most of the reviewed studies. Elmahgoub et al. 

for example, developed a combined exercise training and examined indices of 

obesity and physical fitness in overweight and obese adolescents with ID 

(Elmahgoub et al., 2009). They did not gradually increase their exercise intensity 

but directly scheduled vigorous exercises for their participants. Such 

arrangement/design was hard for children with poor fitness levels to adapt and 

might increase the risks of sports injuries (Elmahgoub et al., 2011). In another study 

conducted by Gonzalez et al., 2013 a training program of long-term duration with 
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three sessions/week was provided with progressively increased intensity 

(González-Agüero, Matute-Llorente, Gómez-Cabello, Casajús, & Vicente-

Rodríguez, 2013). Each session lasted for 15-20 minutes, which was too short for 

participants to receive an adequate amount of exercise adaptation (Elmahgoub et 

al., 2011). These design issues related to PA interventions should be addressed in 

future research.  

Diet usually plays an important role in obesity interventions among children 

(Hinckson et al., 2013). However, according to our review, only two studies 

involved diet in their intervention approaches indicating the paucity of diet 

interventions for children with ID compared with the general paediatric population 

(Hinckson et al., 2013; Ptomey et al., 2015). Future studies should, therefore, 

consider adding a dietary element to their interventions.  

Additionally, most interventions for children with ID had a small number of 

participants compared to interventions designed for TD children. Only two studies 

had more than 35 participants. However, it is more difficult to recruit participants 

from this special population (children with ID) than from a population of their TD 

counterparts (Casey et al., 2010; González-Agüero et al., 2013). In addition, most 

studies failed to provide sufficient information about participation and withdrawals, 

such as the participation and attrition rates. It was therefore not possible to 

determine if the interventions were effective in the real world. Hence, detailed 

reporting of recruitment, participation and retention within future trials would help 

practitioners. Moreover, possible differences linked to different levels of ID also 

have to be taken into consideration. However, most of the studies in this review (20 

out of 29) focused on children with mixed levels of intellectual disability, which 

limits the generalizability of the results to children with a single level of ID. 

Lastly, most of the included studies were rated as ‘weak’, with the major 

weaknesses being selection bias, confounders, withdrawals and blinding. Therefore, 

an improvement in quality should be a priority for future studies. Generally, RCTs 
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are considered as the gold standard design for exploring the effectiveness whilst 

non-RCTs produce more research bias (Shrier et al., 2007). Including non-RCTs in 

systematic reviews could be viewed as problematic when assessing study quality 

and the impact on study results (Norris & Atkins, 2005). However, in this 

systematic review, both RCTs and non-RCTS were reviewed because of the limited 

number of existing RCTs. Although there were in total of 17 studies using RCT 

designs, outcomes reported in the studies varied largely. Taking an example of 

waist to height ratio, no RCTs but 3 non-RCTs assessed it. The review scope would 

be compromised if only RCTs were reviewed.  

This review systemically brings together a body of evidence related to PA 

interventions in children with ID and reviews the type, duration, frequency, and 

intensity of these PA interventions. Five databases were systematically searched 

using a strict search strategy to ensure all relevant studies were included. However, 

there are some limitations to this study. First, the study was restricted to studies 

published in English, and therefore might have excluded some relevant articles 

published in other languages. Second, most of the included studies (69.0%) were 

rated as ‘weak’ in quality, mainly due to weaknesses in blinding, withdrawals, and 

confounders, which could lead to operational and statistical bias. Third, the number 

of PA plus interventions and interventions that did not adopt PA was extremely 

limited. It is still undetermined whether these lifestyle intervention approaches are 

effective in decreasing body weight and improving HRPF levels in children with 

intellectual disability.  

2.4 Conclusions 

This systematic review and meta-analysis illustrated that although children with 

ID encounter more health problems (such as obesity, lack of fitness, and 

hypertension) than TD children, few lifestyle interventions have been designed 

specifically for children with ID. Results from the meta-analyses found that PA 

could improve CPF levels. The lack of eligible research, especially the lack of 



 52 

treatment studies may have limited our ability to form firm conclusions on obesity-

related outcomes and other HRPF outcomes. In the future, interventions for 

improving these outcomes in children with ID are warranted. 
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CHAPTER 3. METHODOLOGY 

 
Given the urgent need to reduce obesity and improve HRPF (health-related 

physical fitness) levels in children with ID (intellectual disability), especially those 

adolescent children, a school-based PA (physical activity) intervention was 

designed and delivered according to the evidence of previous research (in Chapter 

2). The effects of the PA intervention on reducing obesity and improving HRPF 

levels in adolescents with ID were examined.  

3.1 Study design 

The study was a school-based randomised controlled trial lasting for 12 weeks. 

This study was administered in the Chinese Mainland, the participants were 

recruited from special schools for students with ID and then randomly allocated to 

either the intervention group (IG) or the wait-list control group (CG). During the 

12 consecutive weeks of the study, the participants in the IG received a 12-week 

fun, game-based moderate-to-vigorous physical activity (MVPA) training 

programme (twice/week, 60-min/session, a total of 24 sessions). The intensity of 

the activities was increased in a progressive manner. Those in the CG received no 

intervention. All of the participants (in both groups) were asked to maintain their 

regular activities during the intervention period. To observe and evaluate the 

sustained effects of the intervention, follow-up testing was scheduled for all of the 

participants 12 weeks after completion of the intervention. The follow-up period of 

12 weeks was chosen to fit the regular school calendar of the local special schools. 

Primary outcomes included obesity-related outcomes and fitness-related outcomes. 

Secondary outcomes included blood pressure, as some common non-communicable 

diseases (NCDs), such as hypertension and diabetes, which occur in adulthood, 

have become more prevalent in children mainly due to unhealthy lifestyles and 

obesity (Juliaty, Arief, Lisal, & Daud, 2018). In addition, control variables, 

including subjective PA levels, screen time, eating habits, sleep duration, and 
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puberty, were collected using a questionnaire. All the measurements were taken at 

three time points: Test 1 (T1, before the intervention); Test 2 (T2, right after the 

intervention); and Test 3 (T3, after the 12-week follow-up period). After the follow-

up tests, the same PA training programme was provided to the participants in the 

CG.  

3.2 Study population 

3.2.1 Target population and selection criteria 

The target population of the study were overweight and obese students aged 12-

18 years old in special schools for those with ID. Overweight and obesity was 

defined according to commonly used age- and gender-specific BMI cut-off points 

(Cole et al., 2000). The participants were selected according to specified criteria. 

The inclusion criteria involved: (1) children with ID; (2) aged 12-18 years old; (3) 

overweight or obese; (4) at least one family member who was able to attend the 

programme with the subject. Exclusion criteria were: (1) with a 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); (4) participated in other obesity or fitness-related programmes 

in the past six months. The research proposal was reviewed and approved by the 

Research Ethics Committee of Hong Kong Baptist University. 

3.2.2 Sample size estimation 

The sample size was calculated by G*Power (Version 3.1.9.4). The effect size 

of 0.27 (Cohen’s f) was referred to Elmahgoub et al., 2009, for the primary outcome 

(BMI). That study was chosen because its study design was closer to my study 

design than others. Therefore, to provide a power of 80% with an alpha of 0.05 to 

test the hypotheses, 24 participants (12 in each group) were required. In addition, 

assuming a 20% dropout rate (Kong et al., 2019), a total sample size of 30 (15 in 

each group) was needed. 
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3.2.3 Participant recruitment 

Invitation letters (Appendix 8) were sent to special schools in China. If a school 

agreed to participate, the PE teachers at that school were contacted to help with the 

initial recruitment of the participants, in which a screening questionnaire (Appendix 

9) was sent to their students to determine if they would be eligible for participation, 

according to the selection criteria. A written informed consent form (Appendix 8) 

was attached to the screening questionnaire to obtain parental consent in advance. 

In the second step, the heights, and weights of all of the eligible participants were 

objectively measured at the school. BMIs were calculated for each student, and 

those with normal weight were removed from the list of potential participants. The 

recruitment continued until the estimated sample size (n=30) was reached.  

3.2.4 Randomization and blindness 

The 30 participants were randomly and equally assigned to the IG and the CG 

using block randomization (Kim & Shin, 2014). The random allocation sequence 

was computer-generated by a blinded statistician outside of the research term. 

Masking of participants were achieved by the waiting-list design, where 

participants assigned in the CG would receive the intervention after the study and 

therefore did not know they were in the control group. However, the investigator of 

the study was not blinded, she took part in the whole process of the assessments. 

3.2.5 Strategies to increase participation and decrease dropouts 

Previous intervention studies have indicated that parents might refuse to 

participate if their children do not receive the interventions, and therefore have no 

access to the potential benefits of the interventions. The waiting-list control group 

design was therefore conducted to ensure that all the participants would have an 

equal chance to undertake the PA training programme. The PA training programme 

was free for the participants, and a 100 Chinese Yuan coupon was rewarded to the 

parent of each participant, which would help to increase participation. In addition, 

the potential health benefits of the project, such as helping participants decrease 
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body weight and improve HRPF levels, were clearly described to the participants 

and their parents to increase their interest in participation.  

To reduce dropout rates, rewards (e.g., stickers) were given to participants who 

complete each intervention session. Stationery (e.g., pens, erasers) was a reward to 

participants who achieved an attendance rate of 85%. In addition, only participants 

who completed the whole study received the 100 Chinese Yuan reward, which 

would also help reduce withdrawals.  

Establishing effective communication channels with parents would increase 

their confidence in the project. The participants’ health status (e.g., weight change) 

and session performance were reported to their parents by messages upon request. 

In addition, the participating schools would be a communication bridge between 

the research team and participants/parents. Maintaining strong communication with 

the schools’ PE teachers and nurses would also help the research team to understand 

the health needs of the participants/parents, which might help to decrease dropout 

rates. 

3.3 Description of intervention 

3.3.1 Overview of the program 

The 12-week PA training programme was delivered at a frequency of two 60-

minute sessions per week, with the exercise intensity increasing progressively from 

40% heart rate reserve (40% HRR) to 70% HRR. Each session consisted of both 

fun game-based aerobic training and resistance training. In addition, the 12-week 

PA programme was equally divided into three levels with different target exercise 

intensities, and each level lasted for four weeks. As shown in Figure 3.1, the target 

exercise intensity at Levels 1 to 3 was 40%-50% HRR, 50%-60% HRR and 60-70% 

HRR, respectively. In addition, at the beginning of each level, an intensity 

adaptation period that lasts two exercise sessions was given to the participants, to 

help them adapt to the target exercise intensity.  
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Figure 3.1 Programme Overview 

 

3.3.2 Rationale for developing the PA programme 

The programme was designed specifically for adolescent children with ID, 

based on international PA guidelines, exercise guidelines and evidence from 

previous PA interventions. The following paragraphs introduce the rationale of the 

design, including the choice of intervention period, frequency, intensity, time, and 

content of the proposed programme. 

3.3.2.1 Intervention period: 12-week  

A duration of 12 weeks has been generally recognised as necessary for an 

effective PA training intervention (Verschuren, Peterson, Balemans, & Hurvitz, 

2016). The results of the systematic review of intervention studies for decreasing 

body weight and improving HRPF levels among children with ID support this 

selection (Chapter 2). Moreover, attrition rates are lower in short-term interventions 

than in long-term ones (Oude Luttikhuis et al., 2019). School activities are usually 

scheduled on a semester basis. After reviewing local school calendars, we found 

that a short-term period of 12 weeks was the most feasible and practical for 

implementing the intervention. It is also the commonly adopted time length of most 

school activities. 

3.3.2.2 Frequency: two sessions/week  

The systematic review (Chapter 2) revealed that most studies delivered PA 

training at frequencies of either two sessions/week (n=11) or three sessions/week 

(n=9). Elmahgoub et al. (2011) explicitly compared the two frequencies and 

reported that both significantly improved health outcomes. No significant 
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differences in the effects were found between the two intervention arms, except for 

in lower limb muscular strength, which was better in the three sessions/week arm. 

However, the participants’ motivation tended to decline at the end of the 

programme in the arm with three sessions/week. As a result, a frequency of two 

sessions/week for PA programmes was used (Elmahgoub et al., 2011). 

3.3.2.3 Intensity: 40-70%HRR, progressively increased  

Current PA guidelines (Cunha, Midgley, Monteiro, & Farinatti, 2010) suggest 

that moderate to vigorous PA (MVPA 40%-89% HRR) provides health benefits to 

children. However, by considering that high intensity and excessive training load 

resulted in an increased risk of sports injuries, and children with insufficient PA 

and poor HRPF levels might have difficulty adopting high exercise intensities in 

the early training stages (Clain, Hershman, & Goldberg, 1989). Therefore, a 

progressively increasing exercise intensity, from moderate-intensity to vigorous-

intensity, was used to help participants achieve health benefits in a safer and 

progressive way. 

3.3.2.4 Time: 60-minute/session 

The current PA guidelines suggest that 60 minutes of MVPA per session may 

help children to achieve health benefits (Ozmen et al., 2007). In addition, the 

systematic review (Chapter 2) also revealed that PA programmes delivered in 60-

minute sessions were more likely to be effective. 

3.3.2.5 Type: aerobic exercise combined with resistance exercise 

Evidence from the systematic review (Chapter 2) suggested that aerobic 

exercise combined with resistance exercise was the most effective method for 

reducing obesity (6 out of 6) and improving HRPF levels (6 out of 6). Considering 

that a fun training mode may improve children’s motivation for participation (Pan, 

Tsai, Chu, & Hsieh, 2011), the study presented aerobic exercise in the form of fun 

games. 



 59 

3.3.3 Programme contents 

3.3.3.1 Detailed contents of each exercise unit 

In the programme, each training session (see Figure 3.2) consisted of warm-ups 

(10 minutes), an exercise unit (45 minutes) and cool down (5 minutes). Each 

exercise unit involved two different games (15 minutes for each) and three 

resistance training exercises (5 minutes for each). Each unit was delivered for two 

continuous weeks. Hence, six exercise units with 12 games and 18 resistance 

training exercises were prepared.  

 

 
 

Figure 3.2 Structure of a training session 
 

Content of the12 games was selected and modified from the ‘Jockey Club Keep-

Fit Formula for Children Programme’ (Joanne & Chung, 2019). Criteria for 

selection and modification included: (1) being safe for children with ID; (2) being 

easy to learn; (3) having fun; (4) being able to achieve the intensity requirements; 

(5) being feasible to perform in special schools. In addition, we had also prepared 

six alternative and replacement games. The resistance training in this programme 

focused on muscular strength and endurance of children’s upper limbs, abdominal 

and lower limbs. The self-weight exercise mode (e.g., push-ups, sit-ups and 

jumping jacks) was generally adopted for training because they were safer to use 

than fitness equipment. 

To improve operability rationality, effectiveness, suitability, and feasibility of 

the training programme, the training contents were evaluated by two experts before 
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implementation, considering their vast experience in related areas. The experts 

consisted of a PE teacher in a local special school with more than 5 years of working 

experience and an active researcher in the research areas of body weight control 

and/or physical fitness training for at least 5 years. The two experts were invited to 

provide their evaluations in terms of feasibility, effectiveness, and suitability of 

programme content. Effectiveness here referred to contents of games and resistance 

training exercises that were able to decrease body weight and improve HRPF levels; 

suitability refers to the training contents that were suitable for the participants to 

perform without harmful effects; and feasibility referred to the training programme 

that was able to be practiced in school settings. Two rounds of evaluation were 

conducted. The first round was implemented to gather detailed opinions about each 

exercise unit from experts using Likert 5-point scale (i.e., 1=very weak, 2=weak, 

3=neutral, 4=good, 5=very good), they were also required to give comments or 

suggestions for any item with a score less than 4. After completing the first round 

of evaluation, modifications were then conducted according to the experts’ opinions 

and suggestions. If there were any disagreements or queries/confusions about their 

opinions, a confirmation letter would be sent to them with appropriate explanations. 

The second round evaluation referred to their final evaluation, in which experts 

were required to give their final assessments such as pass or fail (pass ≥4; fail＜4) 

(Ho, 2017). The evaluation form is attached in Appendix 5. 

Table 3.1 summarises the selected and backup games and resistance training. 

Appendix 6 present the details of Exercise Units A-F, and Appendix 7 presents the 

six back-up games. 
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Table 3.1 
Details of the exercise units 

Weeks Exercise unit Main games & back-up games 
Resistance 
training 

1-2 A 
      

• A1. I’m a Tigger 

• A2. Watch me: dribbling and layup (1) 

• Back-up 1. Cross the tunnel 

• Handgrip (1) 

• Jumping jack 
(1) 

• Sit up (1) 

3-4 B • B1. Jump, jump, throw 

• B2. Tomb robbing 

• Back-up 2. Caterpillar 

• Push up (1) 

• Squat (1) 

• Burpees (1) 

5-6 C • C1. Cross the river together 

• C2. Obstacle competition (1) 

• Back-up 3. Flip colour discs 

• Handgrip (2) 

• Jumping jack 
(2) 

• Sit up (2) 

7-8 D • D1. Watch me: dribbling and layup (2) 

• D2. Rapid team（1） 

• Back-up 4. Reaction by colour disc 

• Push up (2) 

• Squat (2) 

• Burpees (2) 

9-10 E • E1. Step jumping 

• E2. Rapid team (2) 

• Back-up 5. Run and kick 

• Handgrip (3) 

• Jumping jack 
(3) 

• Sit up (3) 

11-12 F • F1. Obstacle competition (2) 

• F2. Funny shuttle run 

• Back-up 6. Dodge ball 

• Push up (3) 

• Squat (3) 

• Burpees (3) 
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3.3.3.2 Intensity monitor and control 

To ensure that the participants’ exercise intensity reaches the target requirements, 

participants’ target exercise heart rates (Target HR) was calculated using Equation 1 

and 2 in Table 3.2 (Fernhall et al., 2001). Resting heart rate (HRrest) was measured using 

an automated device (Omron M6 (HEM-7000-E)) at beginning of each training level. 

Maximal heart rate (HRmax) was estimated using Equation 3 in Table 3.2. In each 

training session, participants’ real-time exercise HR was monitored by tutors twice by 

counting the number of beats on their wrists for ten seconds and then multiplying by 

six. If the real-time exercise HR was lower than the lower limit of the range, some 

appropriate modifications (e.g., encouraging them to run faster or jump higher) were 

adopted to improve their exercise intensity (see Appendix 7). If the exercise HR was 

higher than the range’s upper limit, appropriate modifications (e.g., run slower or have 

a rest) were implemented as well. 

 

Table 3.2 
Equations for calculating target heart rate* 
No Equation 
1 Exercise HR1 (beats/min) = Target% x HRR2 + HRrest

3 

2 HRR (beats/min) = HRmax - HRrest 
3 HRmax

4 (beats/min) = 210 - 0.56 x age (in years) - 15.5 (Down syndrome) 
Down syndrome coded as 2; non-Down syndrome coded as 1 

Note. * Source: Fernhall et al., 2001; 1 HR, heart rate; 2 HRR, heart rate reserve; 3 HRrest, resting 
heart rate; 4 HRmax, maximal heart rate. 
 

The required exercise intensity for each exercise unit was estimated. Exercise units 

with predicted lower intensity was placed at the beginning of the programme (e.g., 

Level 1). Over time, the required exercise intensity increased. The intensity of each 

exercise unit could be controlled by adjusting the running distance, movement speed or 

duration of rest intervals. Specific methods for controlling the intensity of each exercise 

were given in Appendix 7. 
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3.3.3.3 Safety assurance 

In each training session, the ratio of tutor to participant was 1:3. Hence, there were 

enough tutors to ensure the participants’ safety. The tutors paid close attention to 

participants’ exercise performance to prevent sports injuries. In addition, all of the 

games were from the game series promoted by Hong Kong Physical Fitness Association. 

They are recognised as safer than most self-designed games. As different exercise units 

might have different characteristics, the safety procedures varied according to the 

exercises (see Appendix 6). Furthermore, the equipment used in the programme did not 

have sharp edges. Moreover, drinking times were arranged in each training session (e.g., 

participants drank water every 20 minutes). Finally, in case of emergency, at least one 

PE teacher from each participant school was required to attend and assisted with each 

exercise session and on-site data collection.  

3.3.4 Programme delivery 

The PA training programmes were conducted in the participants’ schools. A fixed 

sports area in each participating school, such as a basketball court or the indoor activity 

venue, was provided. The training programme session was arranged in a non-PE class 

time slot during school hours. To ensure that the participants receive individualised 

instruction, but also have interaction opportunities with their peers (Collins & Staples, 

2017; Waters et al., 2011), the study provided a high tutor to participant ratio of at least 

1:3 for each training session. The tutors in this study have knowledge of physical 

education and have experience leading physical education courses for students with 

special needs. Three training sessions (60 minutes per session) were provided to all of 

the tutors. During the sessions, the background, objectives and significance of the study 

and the characteristics of the participants were introduced. Then, the interventions and 

the methods for exercise intensity control and safety for each exercise unit were 

introduced. Finally, all of the study measurements were introduced.   

3.4 Description of control 

Initially, no intervention was delivered to the participants in the CG during the 

intervention period. Also, they were not permitted to join any other related programmes. 

They were asked to continue their usual school activities. All participants in the CG are 
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expected to receive the same PA programme after the completion of this study, to 

ensure they have the same right to improve their health. 

3.5 Measures 

Obesity-related outcomes and HRPF outcomes were measured as the primary 

outcomes. Blood pressure was a secondary outcome in this study because some 

common non-communicable diseases (NCDs), such as hypertension and diabetes, 

which used to occur in adulthood, have become more prevalent in children, mainly due 

to unhealthy lifestyles and obesity (Juliaty et al., 2018). The participants’ demographic 

information was collected at baseline. Moreover, other potential confounders, such as 

subjective PA level, screening time, sleep duration, eating habits, and pubertal stage, 

were collected as well and used as a control in data analysis. All of the measurements, 

except the demographic data, will be collected at baseline (T1), post-intervention (T2) 

and at the 12-week follow-up (T3).  

3.5.1 Primary outcomes 

3.5.1.1 Obesity-related outcomes  

3.5.1.1.1 Body weight 

Body weight was measured with a Tanita body composition analyzer (TBF-410), 

which is accurate to 0.01 kg. The scale was cleared before each participant was weighed, 

and the participants were asked to remove their shoes and socks, look straight ahead 

and to stay still until the digital screen settles before the measurement was recorded. 

The data reliability can be further increased by using the same scale to measure all of 

the participants. Body weight was measured three times and treated as a continuous 

variable. Changes in body weight, as an obesity-related outcome, were calculated and 

compared between the IG and the CG. 

3.5.1.1.2 BMI 

BMI scores were calculated as weight (in kilograms) divided by the square of height 

(in metres) (kg/m2). Measurement of weight was described in the above section. Height 

was measured using a height gauge accurate to 0.1 cm (sesa0123, a stadiometer, Holtain 

Ltd., Pembrokeshire, United Kingdom). When measuring heights, the participants were 

asked to remove their shoes and stand straight, with knees and feet together. BMI was 
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evaluated three times and treated as a continuous variable. Changes in BMI, as an 

obesity-related outcome, were calculated and compared between the IG and the CG. 

BMI was also a categorical variable, which was used for overweight and obese 

classification.  

3.5.1.1.3 Waist circumference  

Waist circumference was measured midway between the lowest rib margin and the 

top of the iliac crest at the end of a gentle expiration (Lean, Han, & Morrison, 1995), 

using a flexible metre ribbon accurate to 0.1 cm. Waist circumference was measured 

three times and treated as a continuous variable. Changes in waist circumference, as an 

obesity-related outcome, was calculated and compared between the IG and the CG. 

Waist circumference also was used to estimate the waist-to-height ratio. 

3.5.1.1.4 Waist-to-height ratio 

Waist-to-height ratio was calculated as waist circumference divided by height. It 

was evaluated three times and treated as a continuous variable. Changes in waist-to-

height ratio, as an obesity-related outcome, was calculated and compared between the 

IG and the CG.  

3.5.1.1.5 Body fat percentage  

Body fat percentage was estimated with a Tanita body composition analyzer (TBF-

410) using foot-to-foot bioelectrical impedance analysis. After entering the 

participant’s gender, height and age, the participant was instructed to stand with bare 

feet on the metal footplates. The data was displayed automatically. This variable was 

estimated three times and treated as a continuous variable. Changes in body fat 

percentage, as an obesity-related outcome, were calculated and compared between the 

IG and the CG.  

3.5.1.2 Fitness-related outcomes 

3.5.1.2.1 6-minute walk test 

The 6-min walk test (6MWT) was used to measure participants’ cardiopulmonary 

fitness (CPF). The test has been shown to have acceptable validity and reliability for 

adolescents and young adults with ID (Skowroński et al., 2009). Testing procedures 

followed Chow’s study protocol (Chow, Choi, & Huang, 2018). Participants were 



 66 

instructed and encouraged to cover the greatest possible distance on a flat surface 25 m 

in length. They were instructed to keep a steady pace, whether running or walking. A 

trained examiner measured and recorded the distance covered by each participant. Each 

participant was assigned a trained partner based on his or her special physical condition 

and cognitive ability to give verbal direction and encouragement during the test. The 

distance covered in the 6MWT was measured three times and treated as a continuous 

variable. Changes in distance, as a fitness-related outcome, were calculated and 

compared between the IG and the CG. 

3.5.1.2.2. Number of stands in 30-second sit-to-stand  

A 30-second sit-to-stand test was used to assess participants’ lower limb strength 

and endurance. It measures the maximum number of times a participant can rise to a 

full standing position from a seated position in a 30-second period, without pushing off 

with their arms. This test was administered using a chair with a seat height of around 

35.6 cm, without arms. The participants were instructed to sit with back straight, feet 

approximately shoulder-width apart and placed on the floor. Arms were guided to 

crossed at the wrists and held against the chest. The number of completed stands were 

recorded. This test was first developed for older adults and is highly correlated with 

strength of the lower limbs (Jones, Rikli, & Beam, 1999). A high correlation of the test 

score with the strength of the lower limbs (r=0.69) has also been found for adolescent 

children with ID (González-Agüero, Matute-Llorente, et al., 2013; Skowroński et al., 

2009). The number of stands within a 30-second period was measured three times and 

treated as a continuous variable. Changes in the number of stands, as a fitness-related 

outcome, were calculated and compared between the IG and the CG. 

3.5.1.2.3 Number of sit-ups in 1 minute  

A 1-minute sit-up test was adopted to evaluate participants’ abdominal muscular 

strength and endurance. The task requires participants to perform as many sit-ups as 

possible in one minute, or until the participant experiences muscle fatigue and cannot 

perform anymore. The participants were instructed to cross their arms on their chests 

with hands-on shoulders and to tighten their abdominal muscles and raised up to touch 

elbows to thighs. Then, they returned to the start position and repeated (Kong et al., 
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2019). The number of sit-ups completed in one minute was measured three times and 

treated as a continuous variable. Changes in the number of sit-ups, as a fitness-related 

outcome, were calculated and compared between the IG and the CG. 

3.5.1.2.4 Handgrip strength  

Handgrip strength test was used to assess participants’ hand and forearm muscular 

strength using a grip strength tester (GMCS-3, Beijing Xindong Huateng Sports 

Equipment Co., Ltd, China). During the test, the participant was instructed to adopt a 

standing position, with arms at his/her side, not touching the body. The participant was 

asked to squeeze the instrument with as much force as possible within 10-20 s. Right 

and left hands were alternated (Elmahgoub et al., 2009). Handgrip strength was 

measured three times and treated as a continuous variable. Changes in handgrip strength, 

as a fitness-related outcome, were calculated and compared between the IG and CG. 

3.5.1.2.5 Sit-and-reach distance 

For the sit and reach, each participant began the test by removing his/her shoes and 

sitting down at the test apparatus. One leg was fully extended with the foot flat against 

the end of the testing instrument. The other knee was bent, with the sole of the foot flat 

on the floor 5-8 cm to the side of the straight knee. The arms were extended forward 

over the measuring scale with hands palms down, one on top of the other. Each 

participant was instructed to reach directly forward with both hands along the scale four 

times and to hold the position of the fourth reach for at least one second. After 

measuring one side, the participant was asked to switch the position of his/her legs and 

reach again (Collins & Staples, 2017). The distance of the sit and reach was measured 

three times and treated as a continuous variable. Changes in the distance of the sit and 

reach, as a fitness-related outcome, were calculated and compared between the IG and 

the CG. 

3.5.2 Secondary outcomes 

3.5.2.1 Blood pressure 

The participants’ systolic blood pressure and diastolic blood pressure were 

measured using an Omron blood pressure monitor (HBP-9020, calibrated before using). 

During the test, the participant was asked to sit quietly for about 5 minutes, and then to 
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removed outer garments and rolled up their shirt sleeves, if necessary, to bare the upper 

right arm. The measurements were taken on the right arm. The participant’s arm was 

resting on the desk so that the antecubital fossa was at the level of the heart and with 

the palm relaxed and facing upwards. Then, the cuff was placed on the right arm, with 

the bottom edge 1-2 cm above the antecubital fossa. Two measurements were taken one 

minute apart, and the readings were recorded. Blood pressure was measured three times 

and treated as a continuous variable. Changes in blood pressure were calculated and 

compared between the IG and the CG. 

3.5.3 Confounding variables 

Subjective data on participants’ PA, screening time, sleep duration, eating habits, 

and pubertal stage were collected using a self-report questionnaire. As the participants 

might not be able to fully understand questionnaires independently, the participants and 

their parents were required to complete the questionnaire together at home (Appendix 

10). In addition, to increase the reliability of the responses on participants’ school 

activities and snacks, a short version of the self-report questionnaire (for teachers) was 

administered to the schoolteachers (Appendix 11). Subjective PA level, screening time, 

sleep duration, eating habits, and pubertal stage were collected three times and treated 

as confounding variables. They were used as controls in the data analysis. 

The Chinese version of the Global Physical Activity Questionnaire (GPAQ) was 

modified to estimate participants’ PA and sedentary behaviours. The modified GPAQ 

asked about the frequencies and duration of moderate and vigorous PA (12 items) in 

school, transport, and leisure time situations in a typical week. There were two 

additional questions about sedentary behaviours in a typical week. Furthermore, 

questions about screen time (two items) and sleep duration (two items) on a typical 

weekday and on weekends were asked. The average daily time spent performing 

MVPA was calculated for the participants and used to divide them into two groups 

(active vs. inactive) based on the PA levels for children (60 min/day) recommended by 

WHO. For sedentary behaviours, a cut-off point of 4 h/day was adopted to distinguish 

the two groups. The average sleep duration also was used to divide the participants into 

two groups (sufficient vs. insufficient, cut-off point: 8 h/day) (Wang et al., 2018). 
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Questions about participants’ eating habits were adapted from a dietary 

questionnaire developed by the Central Health Education Unit of Hong Kong for 

school-aged children. The questionnaire featured nine items to evaluate the frequency 

of food consumption, including the frequency of the consumption of fruit, vegetable, 

meats, fish, eggs, beans, grain, fried food, sweetened drinks, high sugar food, high salt 

food, and high fat food. The questionnaire also included four items to measure eating 

habits at breakfast and dinner. In addition, we added questions about snacks (three items) 

and fast food (one item) from a dietary questionnaire for children that was developed 

by the Pennsylvania Department of Health (Wang et al., 2018; WIC Program, 2015).  

Puberty is a dynamic process of development marked by rapid changes in body 

compositions and health outcomes (Baird, Walker, Smith, & Inskip, 2017). Adolescents 

of the same age may differ in the rate of their physical growth (Lum et al., 2015). 

Research suggests that Tanner staging from a clinical assessment is the gold standard 

measurement of puberty status (Lum et al., 2015). The Tanner staging consists of five 

stages, separately designed for boys and girls, which are determined by pubic hair 

growth in both sexes, breast development in girls, and testicular development in boys 

(Walker, Smith, Davies, Inskip, & Baird, 2020). However, this kind of assessment is 

challenging in school settings. As a result, the self-assessment of puberty status might 

be more acceptable to the participants (Baird et al., 2017). In this study, an illustrated 

Tanner pubertal questionnaire was provided to participants to collect the information 

regarding pubertal stage (Roberts, 2016). 

3.6 Process evaluation 

Process evaluation was used to monitor and document the implementation of the 

intervention (Lum et al., 2015). A framework model for designing process evaluation 

of RCTs was be adopted. Participants’ retention rate, adherence rate, and compliance 

to the intervention were assessed. Moreover, all participants 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 (Yang et al 2019).  
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3.7 Quality control 

Manual and operational procedures were prepared for all of the team members. 

Three training sessions (60 minutes/session) were provided. Monthly and ad hoc 

research meetings with experts (university researchers) in the PA area, student helpers 

and PE teachers/nurses in the special schools were held to ensure the success of the 

proposed study. The data was checked by auditors immediately and entered twice to 

enhance accuracy. Moreover, on the written informed consent form, the participants 

and their parents in the intervention group were required to not communicate with any 

parents and classmates in the school about the intervention, to avoid contamination and 

behavioural spill over. In addition, the participating schools helped to remind them and 

monitor and prevent occurrences of such behaviour. 

3.8 Data collection procedure 

Once the participants had been recruited, informed consent forms and 

questionnaires were sent to the participants. They were completed by the parents with 

the assistance of the participants within one week and returned to their schoolteachers. 

To ensure the confidentiality of the personal information, these files were sealed in an 

envelope. The parents of the participants who did not send back the forms would be 

contacted via a phone call or text message. New documents were prepared and sent to 

the parents if the documents had been lost or mislaid. 

After collecting the required documents, a morning session was arranged to conduct 

the obesity- and fitness-related tests and blood pressure measures for the participants. 

The test procedure was as follows: heart rate test and blood pressure first, then the 

obesity-related tests, and finally the fitness-related tests. The 6MWT was the last fitness 

test. If a participant was absent on the test day, another test session would be arranged 

after consultations with the schools. 

3.9 Pilot study 

A 2-week pilot study using 10 overweight/obese adolescents with ID was conducted 

to test the data collection procedures (outcome measurements), the data collection 

instruments (questionnaires), and to observe the adaptability of the intervention 

contents. Amendments would be made where necessary. The pilot study also was used 
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to test the intensity of the 12 selected games. If necessary, the game order would be 

changed or some games might be replaced with backup games to meet the intensity 

requirements. The participants in the pilot were not involved in the main study.  

3.10 Data analysis 

SPSS 23.0 (IBM Corp, Armonk, NY, USA) was used for data analysis. The 

independent variables (IVs) were group (between-subjects independent variables: IG 

and CG) and time (within-subjects independent variables: pre-test, post-test, and 

follow-up test). The dependent variables (DVs) included primary outcomes (obesity-

related outcomes and fitness-related outcomes) and secondary outcomes (blood 

pressure). The control variables (CVs) consisted of baseline outcomes, and lifestyle 

confounders.  

Descriptive statistics (e.g., mean, standard deviation, number, and percentage,) 

were used to describe the baseline characteristics of the samples for continuous and 

categorical variables respectively. Independent t-test and Fisher’s exact test were 

applied to test between-group differences of DVs and CVs at baseline.  

Within-group differences for each group across the three time points (pre-test (T1), 

post-test (T2), and follow-up test (T3)), were examined respectively using one-way 

analysis of variance (ANOVA) for repeated measures. Whenever there was violation 

in the sphericity assumption, the Greenhouse-Geisser correction was used (Girden, 

1992). Post-hoc analysis using Bonferroni correction was carried out to explore the 

difference between T1 vs. T2, T1 vs. T3, and T2 vs. T3. 

Between-group differences in changes to T2 (minus T1) and T3 (minus T1) were 

examined using analysis of covariance (ANCOVA) respectively (Wang, Baranowski, 

Lau, Buday, & Gao, 2017). 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. 
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CHAPTER 4. RESULTS 

 

This chapter includes seven sections: (1) sampling and participant characteristics; 

(2) lifestyle confounders of the participants at three time points; (3) intervention effects 

on obesity-related outcomes; (4) intervention effects on HRPF outcomes; (5) 

intervention effects on blood pressure; (6) process evaluation; and (7) summary of key 

findings. 

4.1 Sampling and participant characteristics 

In total, 42 adolescents with intellectual disability (ID) from four special schools 

were assessed for eligibility (i.e. Qianjiang special education school, Zhijiang special 

education school; Dangyang special education school; Yingshan special education 

school); of these, eight were excluded as they did not meet the inclusion criteria, three 

were excluded as they could not attend the daily training sessions, and one was 

excluded as he were not interested in the training programme. The 30 eligible 

participants were randomly and equally assigned to either the intervention group (IG) 

or the waitlist control group (CG).  

Recruitment started in June 2020 and ended in September 2020. Screening and 

grouping of the participants were conducted in early October 2020. The intervention 

sessions lasted for 12 weeks, from November 2020 to January 2021. Follow-up testing 

was conducted 12 weeks after the intervention, from February to April 2021. 

Accordingly, the first test (T1), second test (T2), and third test (T3) were conducted in 

late October to early November 2020, late January to early February 2021, and late 

April to early May 2021, respectively. No participants dropped out of the intervention 

training sessions or the three tests, and no data values related to the three tests were 

missing (Figure 4.1). 

The participants were a group of 22 boys (73.33%) and 8 girls (26.67%) ranging in 

age from 12 to 18 years (mean (M) = 14.17 years, standard deviation (SD) = 0.45 years). 

Their body mass index (BMI) ranged from 21.70 to 31.80 kg/m2 (M = 26.30 kg/m2, 

SD = 2.80 kg/m2), with 23 (76.70%) being overweight and 7 (23.30%) being obese. Of 
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the 30 participants, 14 had been diagnosed with mild ID (46.67%), 10 with moderate 

ID (33.33%), and 6 with severe ID (20.00%). Some of the participants had also been 

diagnosed with autism (n = 4, 13.33%) and Down syndrome (n = 4, 13.33%). In 

addition, among all the 30 participants, seven were recruited from school one (23.33%), 

eight were recruited from school two (26.67%), seven were recruited from school three 

(23.33%), and eight were from school four (26.67%). All of the participants were living 

on campus during the weekdays. At the baseline, no significant between-group 

differences were observed in the sociodemographic data of the participants in the IG 

and CG (p = 0.212–1.000; independent sample t-test, Fisher’s exact test; Table 4.1).  

4.2 Lifestyle confounders of the participants at three time points 

The changes in the lifestyle confounders are listed in Table 4.2. Descriptive 

information collected at the baseline indicated that 96.67% (29/30) of the participants 

did not comply with the WHO-recommended moderate-to-vigorous PA for children. In 

addition, 50% (15/30) of the participants were sedentary for more than 4 hours per day. 

Overall, the sleep duration was sufficient, with 86.67% (26/30) sleeping for more than 

8 hours per day. The pubertal development of 73.33% (23/30) of the participants was 

between stage three and stage five. Finally, most of the participants reported healthy 

eating habits. 

No significant between-group differences were found in the aforementioned 

lifestyle confounders at any of the three time points (p = 0.082–1.000; Table 4.2), 

except for puberty at T3 (p = 0.034, Fisher’s exact test). Thus, puberty was used as a 

covariate in the analysis of covariance (ANCOVA) to examine between-group 

differences in the outcome variables. 
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Figure 4.1 Participant flow diagram in CONSORT format 
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Table 4.1 
Sociodemographic data of the participants at T1  

Variable Total 
N=30 

IG1 

n=15 
CG2 

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 (73.33) 
 8 (26.67) 

 
9 (60.00) 
6 (40.00) 

 
13 (86.67) 
2 (13.33) 

 
0.215 

BMI category, n (%) 
  Overweight 
  Obesity 

 
23 (76.70) 
7 (23.30) 

 
12 (80.00) 
3 (20.00) 

 
11 (73.30) 
4 (26.70) 

 
1.000 

ID level, n (%) 
  Mild 
  Moderate 
  Severe 

 
14 (46.67) 
10 (33.33) 
6 (20.00) 

 
7 (46.67) 
6 (40.00) 
2 (13.33) 

 
7 (46.67) 
4 (26.67) 
4 (26.67) 

 
0.580 

Comorbidity, n (%)      
  Autism Spectrum 

Disorder  
- Yes 
- No 

 
 
4 (13.33) 

26 (86.67) 

 
 
2 (13.33) 

13 (86.67) 

 
 
2 (13.33) 
13 (86.67) 

 
 
1.000 

  Down Syndrome 
- Yes 
- No 

 
4 (13.33) 

26 (86.67) 

 
3 (20.00) 

12 (80.00) 

 
1 (6.67) 

14 (93.33) 

 
0.598 

Special school, n (%)     
  1 7 (23.33)  4 (26.67) 3 (20.00) 0.923 
  2 8 (26.67)  4 (26.67) 4 (26.67)  
  3 7 (23.33)  4 (26.67) 3 (20.00)  
  4 8 (26.67)  3 (20.00) 5 (33.33)  

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 4.2 
Lifestyle confounders of the participants at T1, T2, and T3 
Variable, n (%) T1 T2 T3 

Total, N=30 IG1, n=15 CG2, n=15 p3  Total, N=30 IG, n=15 CG, n=15 p  Total, N=30 IG, n=15 CG, n=15 p  

Subjective PA4 level 

MVPA5≥60mins/day 

MVPA<60mins/day 

 

1(3.33) 

29(96.67) 

 

0(0.00) 

15(100.00) 

 

1(6.67) 

14(93.33) 

 

1.000 

 

5(16.67) 

25(83.33) 

 

4(26.67) 

11(73.33) 

 

1(6.67) 

14(93.33) 

 

0.330 

 

6(20.00) 

24(80.00) 

 

1(6.67) 

14(93.33) 

 

5(33.33) 

10(66.67) 

 

0.169 

Sedentary behavior 

  <4h/day 

  ≥4h/day 

 

15(50.00) 

15(50.00) 

 

7(46.67) 

8(53.33) 

 

8(53.33) 

7(46.67) 

 

1.000 

 

21(70.00) 

9(30.00) 

 

9(60.00) 

6(40.00) 

 

12(80.00) 

3(20.00) 

 

0.427 

 

20(66.67) 

10(33.33) 

 

9(60.00) 

6(40.00) 

 

11(73.33) 

4(26.67) 

 

0.700 

Sleep duration 

≥8h/day 

<8h/day 

 

26(86.67) 

4(13.33) 

 

14(93.33) 

1(6.67) 

 

12(80.00) 

3(20.00) 

 

0.598 

 

26(86.67) 

4(13.33) 

 

12(80.00) 

3(20.00) 

 

14(93.33) 

1(6.67) 

 

0.598 

 

29(96.67) 

1(3.33) 

 

14(93.33) 

1(6.67) 

 

15(100.00) 

0(0.00) 

 

1.000 

Puberty 

  Stage 1 

  Stage 2 

  Stage 3 

  Stage 4 

  Stage 5 

 

4(13.33) 

3(10.00) 

8(26.67) 

8(26.67) 

7(23.33) 

 

0(0.00) 

2(13.33) 

5(33.33) 

6(40.00) 

2(13.33) 

 

4(26.67) 

1(6.67) 

3(20.00) 

2(13.33) 

5(33.33) 

 

0.087 

 

4(13.33) 

2(6.27) 

8(26.67) 

9(30.00) 

7(23.33) 

 

0(0.00) 

1(6.67) 

6(40.00) 

6(40.00) 

2(13.33) 

 

4(26.67) 

1(6.67) 

2(13.33) 

3(20.00) 

5(33.33) 

 

0.082 

 

4(13.33) 

1(3.33) 

10(33.33) 

8(26.67) 

7(23.33) 

 

0(0.00) 

0(0.00) 

8(53.33) 

5(33.33) 

2(13.33) 

 

4(26.67) 

1(6.67) 

2(13.33) 

3(20.00) 

5(33.33) 

 

0.034 

Fruit consumption 

≥2times/day 

<2times/day 

 

7(23.33) 

23(76.67) 

 

3(20.00) 

12(80.00) 

 

4(26.67) 

11(73.33) 

 

1.000 

 

8(26.67) 

22(73.33) 

 

4(26.67) 

11(73.33) 

 

4(26.67) 

11(73.33) 

 

1.000 

 

5(16.67) 

25(83.33) 

 

2(13.33) 

13(86.67) 

 

3(20.00) 

12(80.00) 

 

1.000 

Vegetable  

≥2times/day 

<2times/day 

 

20(66.67) 

10(33.33) 

 

10(66.67) 

5(33.33) 

 

10(66.67) 

5(33.33) 

 

1.000 

 

29(96.67) 

1(3.33) 

 

14(93.33) 

1(6.67) 

 

15(100.00) 

0(0.00) 

 

1.000 

 

29(96.67) 

1(3.33) 

 

14(93.33) 

1(6.67) 

 

15(100.00) 

0(0.00) 

 

1.000 

(Continues) 
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Table 4.2 (Continued) 

Variable, n (%) 
T1 T2 T3 

Total, N=30 IG1, n=15 CG2, n=15 p3  Total, N=30 IG, n=15 CG, n=15 p  Total, N=30 IG, n=15 CG, n=15 p  

Meats, fish, eggs  

≥1time/day 

<1time/day 

 

28(93.33) 

2(6.67) 

 

14(93.33) 

1(6.67) 

 

14(93.33) 

1(6.67) 

 

1.000 

 

29(96.67) 

1(3.33) 

 

14(93.33) 

1(6.67) 

 

15(100.00) 

0(0.00) 

 

1.000 

 

28(93.33) 

2 (6.67) 

 

15(0.00) 

0(0.00) 

 

13(86.67) 

2(13.33) 

 

0.483 

Fried food 

<1time/day 

≥1time/day   

 

16(53.33) 

14(46.67) 

 

10(66.67) 

5(33.33) 

 

6(40.00) 

9(60.00) 

 

0.272 

 

19(63.33) 

11(36.67) 

 

11(73.33) 

4(26.67) 

 

8(53.33) 

7(46.67) 

 

0.450 

 

21(70.00) 

9(30.00) 

 

10(66.67) 

5(33.33) 

 

11(73.33) 

4(26.67) 

 

1.000 

Sweetened beverages 

<1time/day 

≥1time/day 

 

18(60.00) 

12(40.00) 

 

11(73.33) 

4(26.67) 

 

7(46.67) 

8(53.33) 

 

0.264 

 

17(56.67) 

13(43.33) 

 

8(53.33) 

7(46.67) 

 

9(60.00) 

6(40.00) 

 

1.000 

 

23(76.67) 

7(23.33) 

 

12(80.00) 

3(20.00) 

 

11(73.33) 

4(26.67) 

 

1.000 

High-sugar foods 

<1time/day 

≥1time/day 

 

18(60.00) 

12(40.00) 

 

10(66.67) 

5(33.33) 

 

8(53.33) 

7(46.67) 

 

0.710 

 

17(56.67) 

13(43.33) 

 

9(60.00) 

6(40.00) 

 

8(53.33) 

7(46.67) 

 

1.000 

 

15(50.00) 

15(50.00) 

 

6(40.00) 

9(60.00) 

 

9(60.00) 

6(40.00) 

 

0.466 

High-salt foods 

<1time/day 

≥1time/day 

 

22(73.33) 

8(26.67) 

 

12(80.00) 

3(20.00) 

 

10(66.67) 

5(33.33) 

 

0.682 

 

21(70.00) 

9(30.00) 

 

11(73.33) 

4(26.67) 

 

10(66.67) 

5(33.33) 

 

1.000 

 

21(70.00) 

9(30.00) 

 

11(73.33) 

4(26.67) 

 

10(66.67) 

5(33.33) 

 

1.000 

High-fat foods 

<1time/day 

≥1time/day 

 

17(56.67) 

13(43.33) 

 

9(60.00) 

6(40.00) 

 

8(53.33) 

7(46.67) 

 

1.000 

 

19(63.33) 

11(36.67) 

 

10(66.67) 

5(33.33) 

 

9(60.00) 

6(40.00) 

 

1.000 

 

19(63.33) 

11(36.67) 

 

10(66.67) 

5(33.33) 

 

9(60.00) 

6(40.00) 

 

1.000 

Snack consumption 

<1time/day 

≥1time/day 

 

5(16.67) 

25(83.33) 

 

4(26.67) 

11 (73.33) 

 

1(6.67) 

14(93.33) 

 

0.330 

 

9(30.00) 

21(70.00) 

 

6(40.00) 

9(60.00) 

 

3(20.00) 

12(80.00) 

 

0.427 

 

6(20.00) 

24(80.00) 

 

5(33.33) 

10(66.67) 

 

1 (6.67) 

14 (93.33 

 

0.169 

(Continues) 
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Table 4.2 (Continued) 

Variable, n (%) 
T1 T2 T3 

Total, N=30 IG1, n=15 CG2, n=15 p3  Total, N=30 IG, n=15 CG, n=15 p  Total, N=30 IG, n=15 CG, n=15 p  

Breakfast everyday 

Yes 

  No 

 

29(96.67) 

1(3.33) 

 

14(93.33) 

1(6.67) 

 

15(100.00) 

0 (0.00) 

 

1.000 

 

28(93.33) 

2(6.67) 

 

13(86.67) 

2(13.33) 

 

15(100.00) 

0(0.00) 

 

0.483 

 

26(86.67) 

4(13.33) 

 

12(80.00) 

3(20.00) 

 

14(93.33) 

1(6.67) 

 

0.598 

Milk consumption  

≥1time/day 

<1time/day 

 

10(33.33) 

20(66.67) 

 

4(26.67) 

11(73.33) 

 

6(40.00) 

9(60.00) 

 

0.700 

 

10(33.33) 

20(66.67) 

 

4(26.67) 

11(73.33) 

 

6(40.00) 

9(60.00) 

 

0.700 

 

10(33.33) 

20(66.67) 

 

4(26.67) 

11(73.33) 

 

6(40.00) 

9(60.00) 

 

0.700 

Note. 1 IG, intervention group; 2 CG, wait-list control group; 3 To detect between-group differences, Fisher’s exact test was performed for all lifestyle 
confounders (categorical variables); 4 PA, physical activity; 5 MVPA, moderate to vigorous physical activity; Bold text indicates significant results. 
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4.3 Intervention effects on obesity-related outcomes (primary) 

Table 4.3 presents the within-group differences in obesity-related outcomes at each 

time point. Table 4.4 shows the between-group differences in obesity-related outcomes 

at T2 and T3.  
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Table 4.3 
Within-group differences in obesity-related outcomes 

Outcomes T1 vs. T2 T1 vs. T3 T2 vs. T3 

Mean difference 95% (CI)1 P2 Mean difference 95% (CI) p Mean difference 95% (CI) p 

Weight (kg) 
- IG3 
- CG4 

 
1.10 (0.43, 1.77) 
-0.06 (-0.34, 0.22) 

 
0.003 
0.652 

 
1.00 (0.26, 1.74) 
-0.13 (-0.56, 0.31) 

 
0.003 
0.542 

 
0.10 (-0.40, 0.20) 
-0.07 (-0.56, 0.42) 

 
0.480 
0.774 

BMI5 (kg/m2) 

- IG 
- CG 

 
0.44 (0.20, 0.68) 
-0.04 (-0.16, 0.08) 

 
0.002 
0.472 

 
0.43 (0.20, 0.66) 
-0.04 (-0.21, 0.13) 

 
0.001 
0.619 

 
-0.01(-0.13, 0.12) 
-0.09 (-0.18, 0.17) 

 
0.894 
0.994 

Waist circumference (cm) 
- IG 
- CG 

 
0.23 (-0.34, 0.81) 
-0.01 (-0.26, 0.24) 

 
0.396 
0.910 

 
0.08 (-0.47, 0.63) 
-0.09 (-0.41, 0.22) 

 
0.760 
0.533 

 
-0.15 (-0.23, -0.08) 
-0.08 (-0.35, 0.19) 

 
0.001 
0.533 

Waist-to-height ratio 
- IG 
- CG  

 
0.001 (-0.002, 0.005) 
-0.001 (-0.0016, 0.0014) 

 
0.449 
0.888 

 
0.001 (-0.003, 0.004) 
-0.0004 (-0.0026, 0.0019) 

 
0.709 
0.738 

 
-0.001 (-0.001, -0.00003) 
-0.0003 (-0.0022, 0.0017) 

 
0.042 
0.790 

Body fat percentage 

- IG 
- CG 

 
0.24 (-0.22, 0.70) 
-0.02 (-0.41, 0.37) 

 
0.282 
0.914 

 
0.16 (-0.28, 0.60) 
-0.14 (-0.62, 0.34) 

 
0.445 
0.538 

 
-0.08 (-0.31, 0.15) 
-0.12 (-0.31, 0.07) 

 
0.471 
0.191 

Note. 1 CI, confidence interval; 2 one-way repeated measure ANOVA was performed to detect within-group differences, and post-hoc analysis with Bofferoni 
correction was carried out to explore the differences between T1 vs. T2, T1 vs. T3, and T2 vs. T3; 3 IG, intervention group; 4 CG, wait-list control group; 5 

BMI, body mass index; Bold text indicates significant results. 
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Table 4.4 
Between-group differences in obesity-related outcomes at T2 and T3 

Tests IG1 (n=15) 
Mean ± SD3 

CG2 (n=15) 
Mean ± SD 

Adjusted differences4 
95% (CI)5 

P 
value 

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 

BMI6 (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 differences, were the differences of the intervention group relative to the wait-list 
control group by 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 CI, confidence interval; 6 BMI, body mass index; Bold 
text indicates significant results. 

 

4.3.1 Weight (kg) 

One-way repeated measures analysis of variance (ANOVA) revealed a 

significant within-group difference in weight in the IG (F(1.30,18.24) = 11.68, p = 

0.002, partial η2 = 0.455). Post-hoc comparisons using Bonferroni adjustment 

indicated that the significant difference was contributed to by improvements 
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between T1 and T2 (p = 0.003) and between T1 and T3 (p = 0.003). In contrast, no 

significant within-group difference was observed in the CG (F(2,28) = 0.22, p = 

0.804, partial η2 = 0.021) (Table 4.3). ANCOVA revealed a significant between-

group difference at T2 (F(1,27) = 11.72, p = 0.002, partial η2 = 0.303) and at T3 

(F(1,26) = 11.00, p = 0.003, partial η2 = 0.297) (Table 4.4). The overall trends in 

body weight for both groups are illustrated in Figure 4.2. 

 
Figure 4.2 Changes in weight across the three time points 

 

4.3.2 BMI (kg/m2) 

One-way repeated measures ANOVA revealed a significant within-group 

difference in BMI in the IG (F (1.43,20.00) = 13.65, p = 0.001, partial η2 = 0.491). 

Post-hoc comparisons using Bonferroni adjustment indicated that the significant 

difference was contributed to by improvements between T1 and T2 (p = 0.002) and 

between T1 and T3 (p = 0.001). In contrast, no significant within-group difference 

was observed in the CG (F (2,28) = 0.24, p = 0.814, partial η2 = 0.01) (Table 4.3). 

ANCOVA revealed a significant between-group difference at T2 (F (1,27) = 14.16, 

p = 0.001, partial η2 = 0.344) and at T3 (F(1,26) = 13.87, p = 0.001, partial η2 = 

0.348) (Table 4.4). The overall trends in BMI for both groups are illustrated in 

Figure 4.3.  
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Figure 4.3 Changes in BMI across the three time points 

 

4.3.3 Waist circumference (cm) 

One-way repeated measures ANOVA did not reveal a significant within-group 

difference in waist circumference in the IG (F(1.02,14.32) = 0.61, p = 0.550, partial 

η2 = 0.041) or in the CG (F(2,28) = 0.30, p = 0.741, partial η2 = 0.02) (Table 4.3). 

ANCOVA did not reveal a significant between-group difference at T2 (F(1,27) = 

0.74, p = 0.399, partial η2 = 0.027) or at T3 (F(1,26 = 0.36, p = 0.554, partial η2 = 

0.014) (Table 4.4). The overall trends in waist circumference for both groups are 

illustrated in Figure 4.4.  

 
Figure 4.4 Changes in waist circumference across the three time points 
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4.3.4 Waist-to-height ratio 

Regarding the waist-to-height ratio, no significant within-group difference was 

found in the IG (F (1.05,14.69) = 0.46, p = 0.639, partial η2 = 0.031) or in the CG 

(F (2,28) = 0.24, p = 0.922, partial η2 = 0.01) (Table 4.3). Similarly, no significant 

between-group difference was observed at T2 (F (1,27) = 0.09, p = 0.761, partial η2 

= 0.003) or at T3 (F (1,26) = 0.34, p = 0.567, partial η2 = 0.013) (Table 4.4). The 

overall trends in the waist-to-height ratio for both groups are illustrated in Figure 

4.5.  

 
Figure 4.5 Changes in waist-to-height ratio across the three time points 

 

4.3.5 Body fat percentage 

No significant within-group difference in body fat percentage was found in the 

IG (F(1.40,19.64) = 0.90, p = 0.387, partial η2 = 0.061) or in the CG (F(1.21,16.95) 

= 0.38, p = 0.686, partial η2 = 0.03) (Table 4.3). Similarly, no significant between-

group difference was observed at T2 (F(1,27) = 0.77, p = 0.387, partial η2 = 0.028) 

or at T3 (F(1,26) = 0.92, p = 0.347, partial η2 = 0.034) (Table 4.4). The overall 

trends in the waist-to-height ratio for both groups are illustrated in Figure 4.6.  
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Figure 4.6 Changes in body fat percentage across the three time points 

 

4.4 Intervention effects on HRPF outcomes (primary) 

Table 4.5 presents the within-group differences in HRPF outcomes at each time 

point. Table 4.6 shows the between-group differences in HRPF outcomes at T2 and 

T3. 
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Table 4.5 
Within-group differences in HRPF outcomes 

Outcomes T1 vs. T2 T1 vs. T3  T2 vs. T3  

Mean difference 95% (CI)1 p 2 Mean difference 95% (CI) p Mean difference 95% (CI) p 

6MWT3 (m) 
- IG4 
- CG5 

 
-59.20 (-91.22, -27.19) 
16.07 (-41.85, 73.98) 

 
0.001 
0.561 

 
-51.73 (-83.08, -20.39) 
9.00 (-29.79, 47.79) 

 
0.003 
0.626 

 
7.47 (-19.68, 34.61) 
-7.07 (-41.10, 26.86) 

 
0.565 
0.662 

30-second sit-to-stand 
(repetitions) 
- IG 
- CG 

 
 
-5.07 (-7.74, -2.40) 
-0.47 (-2.20, 1.27) 

 
 
0.001 
0.574 

 
 
-3.47 (-5.30, -1.63) 
0.07 (-0.97, 1.10) 

 
 
0.001 
0.483 

 
 
1.60 (-0.37, 3.57) 
0.53 (-0.74, 1.80) 

 
 
0.104 
0.383 

1-minute sit-ups (repetitions) 
- IG 
- CG 

 
-4.73 (-8.86, -0.61) 
-2.53 (-5.12, 0.05) 

 
0.023 
0.055 

 
-5.07 (-9.12, -1.00) 
-1.73 (-4.88, 1.42) 

 
0.013 
0.258 

 
-0.33 (-0.91, 0.24) 
0.80 (-2.52, 4.12) 

 
0.409 
0.613 

Handgrip strength (kg) 
- IG 
- CG 

 
-3.07 (-5.52, -0.62) 
-0.20 (-1.52, 1.12) 

 
0.013 
1.000 

 
-2.41 (-4.82, -0.03) 
-0.54 (-1.83, 0.75) 

 
0.049 
0.818 

 
0.65 (-0.62, 1.92) 
-0.34 (-2.13, 1.45) 

 
0.552 
1.000 

Sit-and-reach (right, cm) 
- IG 
- CG 

 
-5.42 (-11.97, 1.13) 
-1.79 (-6.17, 2.60) 

 
0.123 
0.397 

 
-4.85 (-13.55, 3.85) 
-0.27 (-4.67, 4.14) 

 
0.455 
0.899 

 
0.57 (-5.03, 6.16) 
1.52 (-2.33, 5.37) 

 
1.000 
0.411 

Sit-and-reach (left, cm) 
- IG 
- CG 

 
-5.45 (-10.98, 0.07) 
-1.96 (-6.16, 2.24) 

 
0.053 
0.334 

 
-4.87 (-12.58, 2.84) 
-1.77 (-6.17, 2.63) 

 
0.197 
0.404 

 
0.59 (-3.33, 4.51) 
0.19 (-1.88, 2.27) 

 
0.753 
0.845 

Note. 1 CI, confidence interval; 2 one-way repeated measure ANOVA was performed to detect within-group differences, and post-hoc analysis with Bofferoni 
correction was carried out to explore the differences between T1 vs. T2, T1 vs. T3, and T2 vs. T3; 3 6MWT, six-minute walk test; 4 IG, intervention group; 5 

CG, wait-list control group; Bold text indicates significant results. 
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Table 4.6 
Between-group differences in HRPF outcomes at T2 and T3 

Tests IG1 (n=15) 
Mean ± SD3 

CG2 (n=15) 
Mean ± SD 

Adjusted difference4 
95% (CI)5 

p Partial 
η2 

6MWT6 (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 

30s 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 

1min 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 
differences, were the differences of the intervention group relative to the wait-list control group 
by ANCOVA adjusted for covariates (baseline values were adjusted in the between-group 
difference at T2; baseline values and changes in puberty level were adjusted in the between-group 
difference at T3); 5 CI, confidence interval; 6 6MWT, six-minute walk test; Bold text indicates 
significant results. 
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4.4.1 Six-minute walk test (m) 

Repeated measure ANOVA revealed a significant within-group difference in 

the 6-minute walk test (6MWT) score in the IG (F(2,28) = 10.45, p < 0.001, partial 

η2 = 0.431). Post-hoc comparisons using Bonferroni adjustment indicated that the 

significant difference was contributed to by improvements between T1 and T2 (p = 

0.001) and between T1 and T3 (p = 0.003). In contrast, no significant within-group 

difference was found in the CG (F(1.37,19.11) = 0.30, p = 0.662, partial η2 = 0.021) 

(Table 4.5). One-way ANCOVA revealed significant between-group differences at 

both T2 (F(1,27) = 4.72, p = 0.039, partial η2 = 0.149) and T3 (F(1,26) = 5.79, p = 

0.024, partial η2 = 0.182) (Table 4.6). The overall trends in the 6MWT for both 

groups are illustrated in Figure 4.7.  

 
 Figure 4.7 Changes in 6MWT scores across the three time points 

 

4.4.2 30-second sit-to-stand (repetitions) 

One-way repeated measures ANOVA revealed a significant within-group 

difference in in the 30-second sit-to-stand test score in the IG (F(2,28) = 12.88, p < 

0.001, partial η2 = 0.481). Post-hoc comparisons using Bonferroni adjustment 

indicated that the significant difference was contributed to by improvements 

between T1 and T2 (p = 0.001) and between T1 and T3 (p = 0.001). In contrast, no 
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significant within-group difference was found in the CG (F(1.46,20.42) = 0.41, p = 

0.606, partial η2 = 0.031) (Table 4.5). ANCOVA revealed significant between-

group differences at both T2 (F(1,27) = 8.71, p = 0.006, partial η2 = 0.244) and T3 

(F(1,26) = 12.93, p = 0.001, partial η2 = 0.332) (Table 4.6). The overall trends in 

the 30-second sit-to-stand test for both groups are illustrated in Figure 4.8.  

 
 Figure 4.8 Changes in 30-second sit-to-stand test scores across the three time 

points 
 

4.4.3 One-minute sit-ups (repetitions) 

One-way repeated measures ANOVA revealed a significant within-group 

difference in the 1-minute sit-up test scores in the IG (F(1.03,14.41) = 10.51, p = 

0.005, partial η2 = 0.429). Post-hoc comparisons using Bonferroni adjustment 

indicated that the significant difference was contributed to by improvements 

between T1 and T2 (p = 0.023) and between T1 and T3 (p = 0.013). In contrast, no 

significant within-group difference was found in the CG (F(2,28) = 1.85, p = 0.177, 

partial η2 = 0.12) (Table 4.5). Similarly, no significant between-group difference 

was observed at T2 (F(1,27) = 3.61, p = 0.068, partial η2 = 0.118) or T3 (F(1,26) = 

1.94, p = 0.176, partial η2 = 0.069) (Table 4.6). The overall trends in the 1-minute 

sit-up test scores for both groups are illustrated in Figure 4.9  
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Figure 4.9 Changes in 1-minute sit-up test scores across the three time points 

 

4.4.4 Handgrip strength (kg) 

One-way repeated measures ANOVA revealed a significant within-group 

difference in handgrip strength in the IG (F(1.42,19.87) = 8.62, p = 0.004, partial 

η2 = 0.381). Post-hoc comparisons using Bonferroni adjustment indicated that the 

significant difference was contributed to by improvements between T1 and T2 (p = 

0.013) and between T1 and T3 (p = 0.049). In contrast, no significant within-group 

difference was found in the CG (F(2,28) = 0.50, p = 0.611, partial η2 = 0.04) (Table 

4.5). A significant between-group difference was observed at T2 (F(1,27) = 10.28, 

p = 0.003, partial η2 = 0.276) but not at T3 (F(1,26) = 3.41, p = 0.076, partial η2 = 

0.116) (Table 4.6). The overall trends in handgrip strength for both groups are 

illustrated in Figure 4.10.  
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Figure 4.10 Changes in handgrip strength across the three time points 

 

4.4.5 Sit-and-reach (right, cm) 

Regarding the sit-and-reach (right) test scores, no significant within-group 

difference was found in the IG (F(2,28) = 2.63, p = 0.090, partial η2 = 0.158) or the 

CG (F(2,28) = 0.48, p = 0.624, partial η2 = 0.03) (Table 4.5). Similarly, no 

significant between-group difference was observed at T2 (F(1,27) = 3.28, p = 0.081, 

partial η2 = 0.108) or T3 (F(1,26) = 9.41, p = 0.341, partial η2 = 0.035) (Table 4.6). 

The overall trends in this test for both groups are illustrated in Figure 4.11.  

 
 Figure 4.11 Changes in sit-and-reach (right) test scores across the three time 

points 
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4.4.6 Sit-and-reach (left, cm) 

Regarding the sit-and-reach (left) test scores, no significant within-group 

difference was found in the IG (F(1.30,18.15) = 2.35 p = 0.114, partial η2 = 0.14) 

or the CG (F(1.35,18.96) = 0.78, p = 0.426, partial η2 = 0.051) (Table 4.5). Similarly, 

no significant between-group difference was observed at T2 (F(1,27) = 4.08, p = 

0.053, partial η2 = 0.131) or T3 (F(1,26) = 5.07, p = 0.132, partial η2 = 0.085) (Table 

4.6). The overall trends in this test weight for both groups are illustrated in Figure 

4.12.  

 
Figure 4.12 Changes in sit-and-reach (left) test scores across the three time points 

 

4.5 Intervention effects on blood pressure (secondary) 

Table 4.7 presents the within-group differences in blood pressure at each time 

point. Table 4.8 shows the between-group differences in blood pressure at T2 and 

T3. 
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Table 4.7 
Within-group differences in blood pressure 

Outcomes T1 vs. T2 T1 vs. T3 T2 vs. T3 

Mean difference 95% (CI)1 p 2 Mean difference 95% (CI) p Mean difference 95% (CI) p 

Systolic blood pressure 
(mmHg) 
- IG3 
- CG4 

 
 
6.80 (-1.33, 14.93) 
0.53 (-7.91, 8.98) 

 
 
0.094 
0.825 

 
 
2.87 (-7.96, 13.70) 
1.07 (-9.12, 11.25) 

 
 
0.579 
0.825 

 
 
-3.93 (-14.31, 6.45) 
0.53 (-6.05, 7.12) 

 
 
0.430 
0.865 

Diastolic blood pressure 
(mmHg) 
- IG 
- CG 

 
 
2.47 (-10.34, 15.27) 
0.93 (-10.99, 12.85) 

 
 
0.686 
0.869 

 
 
-3.53 (-12.13, 5.06) 
-0.93 (-15.54, 13.67) 

 
 
0.393 
0.893 

 
 
-6.00 (-15.88, 3.88) 
-1.87 (-11.80, 8.07 

 
 
0.214 
0.693 

Note. 1 CI, confidence interval; 2 one-way repeated measure ANOVA was performed to detect within-group differences, and post-hoc analysis with Bofferoni 
correction was carried out to explore the differences between T1 vs. T2, T1 vs. T3, and T2 vs. T3; 3 IG, intervention group; 4 CG, wait-list control group. 
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Table 4.8 
Between-group differences in blood pressure at T2 and T3 

Tests IG1 (n=15) 
Mean ± SD3 

CG2 (n=15) 
Mean ± SD 

Adjusted difference4 
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 
differences, were the differences of the intervention group relative to the wait-list control group by 
ANCOVA adjusted for covariates (baseline values were adjusted in the between-group difference at 
T2; baseline values and changes in puberty level were adjusted in the between-group difference at 
T3); 5 CI, confidence interval. 

 

4.5.1 Systolic blood pressure (mmHg) 

No significant within-group difference was found in systolic blood pressure in 

the IG (F(2,28) = 1.11, p = 0.345, partial η2 = 0.07) or the CG (F(2,28) = 0.04, p = 

0.965, partial η2 = 0.003) (Table 4.7). Similarly, no significant between-group 

difference was observed at T2 (F(1,27) = 2.49, p = 0.126, partial η2 = 0.084) or T3 

(F(1,26) = 0.14, p = 0.716, partial η2 = 0.005) (Table 4.8). The overall trends in 

systolic blood pressure for both groups are illustrated in Figure 4.13.  
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Figure 4.13 Changes in systolic blood pressure across the three time points 

 

4.5.2 Diastolic blood pressure (mmHg) 

No significant within-group difference was found in the diastolic blood pressure 

in the IG (F(2,28) = 0.75, p = 0.482, partial η2 = 0.05) or the CG (F(2,28) = 0.05, p 

= 0.949, partial η2 = 0.004) (Table 4.7). Similarly, no significant between-group 

difference was observed at T2 (F(1,27) = 0.45, p = 0.511, partial η2 = 0.016) or T3 

(F(1,26) = 0.01, p = 0.935, partial η2 = 0.001) (Table 8). The overall trends in 

diastolic blood pressure for both groups are illustrated in Figure 4.14.  
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Figure 4.14 Changes in diastolic blood pressure across the three time points 
 

4.6 Process evaluation 

The retention rate of the programme was 100.00%, as no participants dropped 

out, and the overall attendance rate was 96.94%. Table 4.9 outlines the attendance 

rate for each training session. Regarding parental feedback on the effectiveness, 

usefulness, and satisfaction of the programme, the parents/guardians of all 15 

(100.00%) participants in the IG provided their feedback, with more than 80.00% 

providing positive feedback (including “Agree” and “Strongly agree”) (Table 4.10). 

Moreover, all four teachers from the four special schools (100.00%) provided their 

positive feedback on effectiveness, arrangement, and staffing of the program. All 

of them expressed, if possible they would like to keep joining the program and 

recommend it to other special schools (Table 4.11).             
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Table 4.9 
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 15 100.00 
2 15 14 93.33 
3 15 15 100.00 
4 15 15 93.33 
5 15 14 93.33 
6 15 13 86.67 
7 15 15 100.00 
8 15 15 100.00 

Average attendance rate at Stage 1  96.67  

Stage 2  
(Second 4-week) 

9 15 14 93.33 
10 15 13 86.67 
11 15 15 100.00 
12 15 15 100.00 
13 15 15 100.00 
14 15 14 93.33 
15 15 14 93.33 
16 15 15 100.00 

Average attendance rate at Stage 2  95.83  

Stage 3  
(Third 4-week) 

17 15 15 100.00 
18 15 15 100.00 
19 15 15 100.00 
20 15 15 100.00 
21 15 14 93.33 
22 15 15 100.00 
23 15 14 93.33 
24 15 15 100.00 

Average attendance rate at Stage 3  98.33  
 Overall attendance rate  96.94 
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Table 4.10 
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  
(0.00) 

2  
(13.33)  

1  
(6.67) 

10 
(66.67) 

2  
(13.33) 

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

0  
(0.00) 

0  
(0.00) 

3  
(20.00) 

11 
(73.33) 

1  
(6.67) 

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

0  
(0.00) 

0  
(0.00) 

4  
(26.66) 

7 
(46.67) 

1 
(6.67) 

Usefulness, n (%) 
4. It is important to reduce my 

child’s weight. 
0 
(0.00) 

1  
(6.67) 

1  
(6.67) 

11 
(73.33) 

2  
(13.33) 

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

0  
(0.00) 

0  
(0.00) 

3  
(20.00) 

11 
(73.33) 

1  
(6.67) 

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

0  
(0.00) 

0  
(0.00) 

2  
(13.33) 

12 
(80.00) 

1  
(6.67) 

Satisfaction, n (%) 
7. Overall, I am satisfied with the 

12-week PA program. 
0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

12 
(80.00) 

3  
(20.00) 
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Table 4.11 
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  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

4  
(100.00) 

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

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

4  
(100.00) 

3. It is effective for reducing 
students’ blood pressure. 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

4  
(100.00) 

Arrangement, n (%) 
4. I’m satisfied with the whole 

arrangement of the PA sessions. 
0 
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

4  
(100.00) 

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

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

1 
(25.00) 

3  
(75.00) 

Staffing, n (%) 
6. I’m satisfied with the staffing of 

the PA sessions. 
0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

4  
(100.00) 

7. I’m satisfied with the staffing of 
the measurements. 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

1 
(25.00) 

3  
(75.00) 

Willingness to participate it in the future, n (%) 
8. If possible, our school would like 

to continue participate it. 
0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

4  
(100.00) 

Willingness to recommend it to others, n (%) 
9. I would like to recommend it to 

other special schools.  
0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

4  
(100.00) 

 

4.7 Summary of key findings 

In Table 4.12, the key findings of this study are summarised for each research 

question.  

For research question 1: Does the school-based PA programme administered 

to the IG significantly reduce obesity-related outcomes compared with the CG? At 

T2, one-way ANOVA showed a significant reduction in weight and BMI in the IG. 

In contrast, no significant improvements were observed in the CG. In addition, 
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ANCOVA revealed significant between-group differences at T2. These findings 

show that the programme leads to significant reductions in weight and BMI. 

In contrast, the efficacy of the programme in reducing other obesity-related 

outcomes, namely waist circumference, waist-to-height ratio, and body fat 

percentage, was limited, as no significant within- and between-group changes in 

these outcomes were observed at T2.  

For research question 2: Does the school-based PA programme administered 

to the IG significantly improve HRPF outcomes compared with the CG? At T2, 

one-way ANOVA reported a significant improvement in the 6MWT and 30-second 

sit-to-stand performance and in handgrip strength in the IG, whereas no significant 

improvements were observed in the CG. In addition, ANCOVA revealed significant 

between-group differences at T2. These findings show that the programme 

significantly improves 6MWT and 30-second sit-to-stand test performance and 

handgrip strength. 

In contrast, the programme does not improve 1-minute sit-up and sit-and-reach 

test performance, as no between-group differences were seen in these two outcomes.  

For research question 3: Does the school-based PA programme administered 

to the IG significantly reduce blood pressure compared with the CG? At T2, no 

significant within- and between-group differences were observed in systolic or 

diastolic blood pressure. These findings show that the programme does not reduce 

blood pressure.  

For research question 4: Does the school-based PA programme administered 

to the IG have sustained effects on all outcomes compared with the CG? Positive 

intervention effects on weight and BMI and on the 6MWT and 30-second sit-to-

stand test performance was observed at T2, and significant improvements were 

observed at T3. These findings evidence the sustained effects of the programme on 

the foregoing outcomes.  
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In contrast, no sustained effects were seen for handgrip strength, as evidenced 

by the lack of a significant between-group difference at T3.  

  

Table 4.12 
Summary of the key findings of this study 

Outcomes 

Within-group difference1, IG2  Between-group difference  

Change trend 
Intervention 

effects3  
Sustained 
effects4 

T1 vs. T2 T1 vs. T3 T2 vs. T3 T2  T3  
Fatness-related outcomes (primary), filling in with “Yes or Not”5 
Weight (kg) Yes Yes No Yes Yes 
BMI6 (kg/m2) Yes Yes No Yes Yes 
Waist circumference 
(cm) 

No No Yes No No 

Waist-to-height ratio No No Yes No No 
Body fat percentage No No No No No 
HRPF7 outcomes (primary), filling in with “Yes or Not” 
6MWT8 (m) Yes Yes No Yes Yes 
30-second sit-to-stand 
(times) 

Yes Yes No Yes Yes 

Handgrip strength (kg) Yes Yes No Yes No 
1min sit-ups (times) Yes Yes No No No 
Sit-and-reach (right, 
cm) 

No No No No No 

Sit-and-reach (left, cm) No No No No No 
Blood pressure (secondary), filling in with “Yes or Not” 
Systolic blood pressure 
(mmHg) 

No No No No No 

Diastolic blood 
pressure (mmHg) 

No No No No No 

Note. 1 One-way repeated measure ANOVA was performed to detect within-group differences; 2 

IG, intervention group;3 Intervention effects were examined by ANCOVA, controlling for 
baseline values; 4 Sustained effects were examined by ANCOVA, controlling for baseline 
values and changes in puberty at T3; 5 “yes” means there was a significant between-group 
difference, within-group difference or a sustained effects while “no” means no any significant 
effects were observed;6 BMI, body mass index; 7 HRPF, health-related physical fitness; 8 
6MWT, 6-minute walk test. 
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CHAPTER 5. DISCUSSION 

 

This study developed a 12-week school-based PA intervention for reducing 

obesity and improving HRPF in adolescents with ID. The objectives of the study 

were to evaluate the effectiveness of the intervention on obesity-related outcomes 

(primary), HRPF outcomes (primary), and blood pressure (secondary) and to 

evaluate the sustained effects of the intervention. The participants in the IG showed 

a significant reduction in body weight and BMI and a significant improvement in 

the 6MWT scores, 30-second sit-to-stand test scores, and handgrip strength 

compared with the CG. In the 12-week follow-up test, sustained effects were 

observed in body weight and BMI and in the 6MWT and 30-second sit-to-stand test 

scores but not in handgrip strength. In contrast, no significant improvements were 

seen in the other obesity-related outcomes (i.e., waist circumference, waist-to-

height ratio, and body fat percentage) and HRPF outcomes (i.e., 1-minute sit-up 

and sit-and-reach test scores). The discussion in the rest of this chapter mainly 

focuses on the study hypotheses. 

Hypothesis 1, which postulated a significant reduction in obesity-related 

outcomes, was partially supported. Compared with the participants in the CG, the 

participants in the IG reported a significant reduction in body weight and BMI at 

T2. This finding is consistent with previous research, specifically with three studies 

that have developed and evaluated the effects of similar short-term PA programmes 

(aerobic exercise combined with resistance training) on reducing obesity in 

adolescents with ID (Elmahoub et al., 2009; Wu et al., 2017; Elmahgoub et al., 

2011). Regarding exercise frequency, of these three studies, one (Wu et al., 2017) 

applied five 50-minute sessions per week, and the other two (Elmahoub et al., 2009; 

Elmahgoub et al., 2011) applied three 50-minute sessions per week. Elmahoub et 

al. (2011) suggested that the training effect of two 50-minute sessions per week was 

the same as that of three such sessions per week. A frequency-related concern is 
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that a higher exercise frequency may result in a lower level of motivation 

(Elmahgoub et al., 2011). Thus, a relatively low frequency may be more practicable 

for improving participant motivation. Regarding exercise intensity, two 

(Elmahgoub et al., 2009; Elmahgoub et al., 2011) of the three studies followed a 

routine with vigorous exercise intensity. However, such a vigorous exercise routine 

is not recommended for adolescents with ID, as this population typically has poor 

motor skills, which may constrain their exercise compliance, especially in the early 

stages of their training (Clain et al., 1989). Regarding clinically significant weight 

loss, it is generally defined as a loss of more than 5% of body weight (Williamson 

et al., 2015; Swift et al., 2016). However, in my study, the mean values for body 

weight pre- and post-intervention were 67.45 kg and 66.35 kg respectively, with a 

loss of 1.63% in the intervention group, which did not reach the clinical significance. 

Apart from body weight and BMI (the most widely used measures for obesity), 

other obesity-related outcomes (i.e., waist circumference, waist-to-height ratio, and 

body fat percentage) were measured to obtain information on body fat distribution 

(Taxová Braunerová et al., 2021). Although continual reduction in these outcomes 

were observed during the intervention, the reduction was not statistically significant. 

This finding is also consistent with previous studies, which have attributed this non-

significance to insufficient intervention duration (Un et al., 2004; Yilmaz et al., 

2003). Regarding waist circumference, four studies (Boer et al., 2014; Salaun et al., 

2014; Elmahgoub et al., 2009; Elmahgoub et al., 2011) have reported significant 

results, of which three were long-term studies (Boer et al., 2014; Salaun et al., 2014; 

Elmahgoub et al., 2011). Regarding body fat percentage, four studies (Boer et al., 

2014; Salaun et al., 2014; Casey et al., 2010; Kong et al., 2019) have reported 

significant results, of which three were long-term studies (Boer et al., 2014; Salaun 

et al., 2014; Casey et al., 2010). Regarding waist-to-height ratio, one long-term 

study (Salaun et al., 2014) reported significant improvements. Therefore, we 

recommend long-term interventions for improvements in waist circumference, 
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waist-to-height ratio, and body percentage fat; such long-term interventions would 

also provide researchers information about body fat distribution. 

Hypothesis 2, which postulated a significant improvement in HRPF outcomes, 

was partially supported. Regarding cardiopulmonary fitness (CPF), consistent with 

the literature, our findings suggest that the developed 12-week PA intervention can 

improve the 6MWT distance (partial η2 = 0.149). In the literature, eight PA 

interventions have assessed 6MWT, of which seven reported positive results (Boer 

et al., 2014; Elmahgoub et al., 2009; Elmahgoub et al., 2011; Stanish et al., 2012; 

Kocić et al., 2017; Stanišić et al., 2012; Kong et al., 2019) (partial η2 = 0.010–0.600). 

On comparing the exercise design across these studies, we found that aerobic 

exercise combined with resistance exercise – as successfully adopted in Elmahgoub 

et al. (2009), Elmahgoub et al. (2011), and Stanish et al. (2012) – is effective in 

improving the 6MWT distance. Regarding exercise intensity, two studies 

(Elmahgoub et al., 2009; Elmahgoub et al., 2011) followed a routine with vigorous 

exercise intensity, both of which reported significant improvements. However, 

when comparing the effect size in studies that adopted exercise routines with a 

vigorous intensity and those that adopted routines with progressive increments in 

intensity, we found that the latter has a larger effect size (partial η2 > 0.14) (Boer et 

al., 2014; Stanish et al., 2012). Thus, we recommend a combined aerobic and 

resistance exercise routine with progressive intensity increments for realising 

significant improvements in CPF.  

We further observed that the developed programme can improve muscular 

strength and endurance, as evidenced by the significant improvements in the 30-

second sit-to-stand test (lower limb strength and endurance) and handgrip strength. 

The findings for the 30-second sit-to-stand test are consistent with previous 

research. Three PA studies (Elmahgoub et al., 2009; Elmahgoub et al., 2011; Lee 

et al., 2016) have evaluated 30-second sit-to-stand performance in adolescents with 

ID, and all three reported positive effects (partial η2 = 0.010–0.170). However, the 
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effect size in our study was larger than those in the three aforementioned studies 

(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 the three 

reference studies. Four PA studies (Elmahgoub et al., 2009; Elmahgoub et al., 2011; 

Stanish et al., 2014; Kong et al., 2019) have assessed handgrip strength, but only 

one (Elmahgoub et al., 2009) reported a positive outcome (partial η2 = 0.0002). Our 

intervention achieved a more positive effect (partial η2 = 0.276), which again is 

attributable to the progressive increase in exercise intensity and the exercise 

programme itself, as our exercise routine provided numerous opportunities to 

exercise the upper limbs (e.g., picking up bean bags and dribbling and throwing 

balls). Thus, future studies should pay particular attention to the design of the 

exercise routines and ensure that adequate opportunities are provided to exercise 

the upper limbs. Regarding the 1-minute sit-up test, used to evaluate abdominal 

muscular strength and endurance in this study, a significant within-group difference 

was reported at T2. This finding is consistent with three similar studies (Wu et al., 

2017; Haney et al., 2014; Kong et al., 2019) testing 12-week PA interventions. As 

1-minute sit-up test scores can be improved over time with practice (Messiah et al., 

2019), significant between-group differences might be observed in long-term 

interventions.  

Regarding flexibility, improvements, albeit nonsignificant, were seen in the sit-

and-reach test performance for both legs at the T2. Findings regarding the 

effectiveness of PA interventions on sit-and-reach test performance are inconsistent 

in the literature. Of the six studies (Stanish et al., 2014; Collins et al., 2017; 

Giagazoglou et al., 2013; Haney et al., 2014; Kong et al., 2019; Messiah et al., 2019) 

that have assessed this outcome, only two (Collins et al., 2017; Giagazoglou et al., 

2013) reported significant improvements; these two studies differed in their study 

design and the PA elements used therein. Thus, it is difficult to recommend a PA 

intervention for improving flexibility. However, it is possible that the exercise 
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routines in these studies and our study are not adequately focused on flexibility, 

which is something that future studies can rectify and explore. 

Hypothesis 3, which postulated a significant reduction in blood pressure, was 

not supported. The participants in the IG did not report a significant reduction in 

blood pressure. In general, the effects of exercise on treating and preventing 

hypertension in populations without ID are well established (Cardoso et al., 2010), 

with the recommended routine being moderately intense aerobic exercise 

supplemented by resistance training (Pescatello et al., 2004). However, this strategy 

may not be suitable for adolescents with ID. Our finding of nonsignificant 

improvement in blood pressure through aerobic exercise is consistent with that of 

Boer et al. (2014a), who examined the effects of a 15-week PA training programme 

on body composition and physical and metabolic fitness in adolescents with ID. 

Their study was designed as a three-arm randomised control trial (RCT), with two 

intervention groups (a sprint interval training group and an aerobic exercise group) 

and one control group. In each training session, the participants in the sprint interval 

group engaged in two sprint interval blocks (20 minutes) and a continuous aerobic 

exercise block (10 minutes), whereas the participants in the aerobic exercise group 

engaged in three continuous aerobic exercise blocks (30 minutes). Positive effects 

on blood pressure were seen in the sprint interval training group but not in the 

aerobic exercise group. However, sprint interval training is extremely effort-

intensive (Sloth, Overgaard, & Dalgas, 2013), and whether such a programme is 

practicable and sustainable for the population with ID remains under researched. 

Hypothesis 4, which postulated that the effects of the PA intervention on the 

assessed outcomes would sustain over a period of 3 months, was partially supported. 

First, the significant reduction in body weight and BMI was maintained at the 

follow-up examination. This finding provides 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 
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reducing obesity in adolescents with ID. Future studies can examine sustained 

effects over a longer follow-up period. 

Second, the distance covered in the 6MWT was found to have significantly 

increased at T2, and this effect was maintained at T3. To date, two studies have 

evaluated the sustained effects of PA interventions on CPF. Hinckson et al. (2013) 

developed and evaluated the effectiveness of a 10-week school-based programme 

on obesity, fitness, PA, and nutrition in children with ID. The intervention approach 

applied was consistent with PA and diet. Sustained CPF effects were observed, as 

evidenced by an increase in the 6MWT distance in the 24-week follow-up 

examination. Lotan et al. (2004) developed and evaluated an 8-week daily training 

(treadmill) programme for improving the physical fitness of a sample of 15 children 

with ID. Heart rates at rest and during performance were measured as indicators of 

CPF, as the heart rate is highly dependent on CPF (Rotstein, 1992). Significant 

improvements were observed immediately following training, but this effect was 

not maintained at the 1-year follow-up examination; the authors suggested that one 

explanatory factor is related to the small sample size, as 26.67% of the participants 

dropped out 1 year after the intervention finished. Overall, our study suggests that 

PA interventions may provide sustained CPF effects in adolescents with ID. Future 

research should examine methods to reduce the attrition rate in studies with long 

follow-up periods. 

Third, 3-month sustained effects were observed in the 30-second sit-to-stand 

performance. Three studies (Elmahgoub et al., 2009; Elmahgoub et al., 2011; Lee 

et al., 2016) have used the 30-second sit-to-stand test to evaluate muscular strength 

and endurance of the lower limbs, but none have assessed the sustainability of their 

intervention. Therefore, our results provide new insights into the sustained effects 

of PA programmes on lower limb muscular strength and endurance.  

Fourth, significant between-group differences were found in handgrip strength 

at T2, but the effects were not sustained at T3. Four studies (Elmahgoub et al., 2009; 
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Elmahgoub et al., 2011; Haney et al., 2014; Kong et al., 2019) have assessed 

handgrip strength, but none have examined the sustainability of the interventions. 

Nevertheless, another study (Shield et al., 2013) assessed the sustained effects on 

upper limb strength, but using different methods: Shield et al. (2013) developed a 

10-week community-based strength training programme for muscular strength and 

PA levels in adolescents with ID and evaluated its effectiveness. Chest press (a 

maximum of one repetition) was used to assess the upper limb strength. However, 

as in our study, no sustained effects were found at the 12-week follow-up 

examination. Thus, future studies should examine the sustained effects of handgrip 

strength interventions.  

Even when the initial implementation of an intervention is successful, it does 

not mean that the health benefits can be continued. Thus, the sustainability of 

interventions is vital to create a real impact on population health (Mok et al., 2018). 

However, studies on sustainability of intervention effects are largely lacking, only 

three studies have assessed the maintained effects on reducing obesity and/or 

reducing fitness in children with ID (Lotan et al., 2004; Shields et al., 2013; 

Hinckson et al., 2013). Therefore, follow-ups should be included in future research 

to assess the sustainability of interventions. 

In summary, of the four study hypotheses, three were partially supported 

(Hypotheses 1, 2, and 4), and one was not supported (Hypothesis 3). Specifically, 

the developed 12-week school-based PA intervention was only partially effective 

in reducing obesity, as some obesity-related outcomes (i.e., waist circumference, 

waist-to-height ratio, and body fat percentage) did not improve. Similarly, the 

intervention was only partially effective in improving HRPF, as some of the HRPF 

outcomes (i.e., 1-minute sit-up, handgrip strength, and sit-and-reach) did not 

improve. Moreover, the intervention was unsuccessful in reducing blood pressure. 

Of the significantly improved outcomes, the effects of the intervention were 

sustained at 12 weeks, except for handgrip strength. 
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Regarding lifestyle confounding variables, participants’ subjective PA level, 

diet, screen time, and sleep duration were collected. No significant between-group 

difference was not found in all of them at the baseline and in changes after the 

intervention and the follow-up. These results might be because that the participants 

were living on campus during the weekdays and accepting unified management in 

daily life and study. In terms of PA level, a self-reporting questionnaire was 

provided. Considering an objective way usually provides data more accurately, we 

tried to use ActiGraph assessors to collect data in the pilot study, but most of the 

participants refused to wear. Thus, we had to use the subjective way to estimate 

their PA levels. Future research should consider obtaining the information from 

children with ID as accurately as possible. In terms of diet, I used a questionnaire 

to evaluate the frequency of food consumption, including fruit, vegetable, meats, 

fish, eggs, beans, grain, fried food, sweetened drinks, high sugar food, high salt 

food, and high-fat food. As there was no significant changes in all items of food, it 

is unlikely that diet might have biased the evaluation on the intervention effects 

much. I did not collect the information of energy intake, as previous studies 

suggested that respondents with ID experienced difficultly in energy intake 

estimation (Livingstone et al., 2004). 

In terms of puberty status, a self-reported questionnaire was used to collect 

the information. Considering puberty is a dynamic process of development marked 

by changes in body composition, adolescents of the same age may differ in the rate 

of their physical growth (Baird et al., 2017). However, it was seldom considered as 

a control variable in previous intervention studies. In this study, the between-group 

difference was found at T3. Thus, changes in the pubertal stage were controlled for 

in data analysis. Thus, the possible influence by different physical growth could be 

ruled out from the study.  
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CHAPTER 6. CONCLUSIONS AND SUGGESTIONS 

 

6.1 Strengths and limitations 

One of the strengths of this study, in our view, is that the PA programme was 

developed based on our systematic review and meta-analysis, which was useful in 

identifying effective lifestyle interventions for reducing obesity and/or improving 

HRPF in children with ID. The other strengths of this study include the use of fun 

games to improve children’s motivation for participation (Pan et al., 2011). To our 

knowledge, this is the first study to adopt fun games to address health problems in 

adolescents with ID. To ensure the rationality, suitability, and operability of the 

developed programme, the design of the fun games and resistance exercises were 

evaluated by experts before implementation. An RCT trial of the programme with 

targeted inclusion and exclusion criteria and standardised testing may improve the 

research quality. 

In addition, it is acknowledged that this study has some limitations. First, this 

study applied a single-blind design rather than a double-blind design; that is, the 

participants in the CG received the intervention after the study and therefore did not 

know that they were in the CG, whereas the investigator participated in all of the 

assessments with knowledge of the grouping, which might have biased the 

assessment. Our original plan was to train college students to complete the 

assessments; however, the students were not allowed to exit the campus during the 

study period due to the COVID-19 pandemic. Thus, the investigator and two of her 

PhD classmates undertook the assessments. 

Second, the sample size was limited. The sample size was estimated to fulfil the 

requirement to achieve the primary outcome. Thus, it may not be sufficient enough 

for secondary outcomes, and therefore limited the power to identify significant 

differences in changes in some secondary outcomes. In addition, more than one 

previous study has reported on the difficulty of recruiting participants from a 
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population with special needs (Casey et al., 2010; González et al., 2013). We 

experienced this difficulty in this study as well. Although 30 adolescents with 

mixed ID levels were eventually recruited from four special schools, the original 

plan was to recruit only participants with mild ID to avoid the possible effects of 

the level of ID, which might weaken the intervention effects according to our meta-

analysis (Chapter 2).   

Third, PA level, as a confounding variable, was collected via self-reporting 

because in our experience, most children with ID refuse to wear accelerometers. 

However, self-reporting may result in the inaccurate recording of the actual PA 

level. Nevertheless, to increase the accuracy and reliability of the data collection, a 

short version of the self-report questionnaire was administered to the participants’ 

schoolteachers as well. 

Fourth, considering medications with a longer-term use may act as risk factors 

of weight gain (Patten et al., 2009), thus, during participants recruitment, 

adolescents who had medication experience in the past three months were screened 

out from the study. However, this may prevent the findings from being used in a 

wider population.  

Fifth, as energy imbalance between calories intake and calories expended is the 

fundamental cause of obesity among children (Waters et al., 2011). Thus, the total 

energy intake every day should be captured as one of the main confounders in this 

study. We considered using the food diary to get such information. However, to 

succeed, the diary needs to tell the truth. But it’s difficult for our participants to 

have a clear awareness about types and amounts of food. Also, asking 

parents/teachers to keep the diary every day is not practical, it may increase their 

workload and thus increase the dropout rate. Given the above consideration, we 

used the current assessment of eating habits, although it cannot provide accurate 

information about energy intake, it tells us the healthiness of their diets, which has 

long been looked as a key to a healthy weight (Abete et al., 2010). In addition, this 
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method is relatively easy to be conducted. It was used in a cross-sectional study to 

investigate the prevalence of overweight and obesity among Chinese children with 

intellectual disabilities (Wang et al., 2018). For future research, scholars may think 

about an accurate and practical way to capture information on total energy intake. 

6.2 Implications 

The findings of this thesis have practical implications for the development and 

implementation of school-based PA interventions targeted at reducing obesity and 

improving HRPF in adolescents with ID.   

First, our study fills the knowledge gap by developing and implementing a 

practicable school-based intervention programme for adolescent children with ID. 

Evidence shows that childhood obesity accompanied by low HRPF is a major threat 

to public health the globally (Ordonez et al., 2006). Children with ID, who account 

for 1.83% of the entire global paediatric population, are more vulnerable than their 

TD peers to obesity and low HRPF (Maïano et al., 2016a; Wouters et al., 2017; Wu 

et al., 2017), as they tend to be less active and less empowered to choose and adopt 

healthy behaviours (Waters et al., 2014). Thus, children with ID should be a target 

population for reducing obesity and improving HRPF. However, in contrast to the 

large body of research on effective interventions in TD children, few studies have 

focused on children with ID in this regard. We believe that children with ID have 

the same right to optimal health as TD children, which was the core motivation that 

motivated us to develop and implement the intervention in this study. We hope that 

our efforts draw the attention of more scholars to the health and fitness of this 

population. 

Second, given the positive effects of the intervention in reducing obesity, 

improving CPF levels, and improving muscular strength and endurance, the 

programme manual will be shared with the four special schools from which the 

participants were recruited, so that all of the students in those schools can receive 

the benefits of the developed programme. One of the four schools (i.e., Qianjiang 
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Special Education School) has already asked us for the intervention manual, 

suggesting that our intervention would be welcomed by more special schools. We 

expect the programme to be transferred to other special schools through the social 

networks of the principals and teachers at the four schools. 

Third, given the sustainability of the intervention in reducing obesity (i.e. body 

weight and BMI) and improving fitness (i.e. 6MWT and 30-second sit-to-stand), 

the health benefits may be sustained even if the intervention stops. Also, as the PA 

program can be easily replicated, the program contents are relatively simple, and 

the equipment used can be easily found, the health benefits of the intervention may 

have a chance to be sustained even after students leave schools. Thus, this study is 

the first step in developing lifelong obesity prevention and fitness improvement 

strategies for children with ID.   

Fourth, a review of the relevant literature can help scholars and practitioners 

identify effective lifestyle interventions and inform future interventions for children 

with ID. However, previous review articles are out of date, with the latest being 

published in 2014. As numerous interventions have since been reported for children 

with ID, the systematic review and meta-analysis reported in Chapter 2 update the 

evidence base and provide effective strategies for developing programmes for 

future research. 

Overall, this study, which includes a PA intervention and a systematic review 

and meta-analysis, can serve as an example for researchers, policymakers, staff of 

special schools, and members of the public who are seeking strategies to address 

obesity and low HRPF in children with ID. 

6.3 Suggestions for future research 

Apart from the suggestions provided in the Discussion section, several other 

suggestions for future research are summarised below.  

First, to achieve more between-group effects, long-term PA interventions are 

suggested. In our study, although not all outcomes of interest showed significant 
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improvements, a clear decreasing trend was seen in obesity- and blood pressure–

related outcomes, and a clear increasing trend was found in HRPF-related outcomes. 

Hence, if the intervention duration is adequately long, and the exercise intensity is 

increased, significant effects may be observed in these promising outcomes as well. 

Second, more participants from a wider range of special schools are 

recommended. Recruiting participants from only four special schools limited our 

ability to obtain a large sample. In addition, provided that a sufficiently large sample 

is available, researchers should limit the eligibility to those with specific levels of 

ID, as the outcomes may be differentially affected by the level of ID and thus may 

weaken the effects of the intervention. Future research may consider to developing 

programmes and providing practical strategies specifically tailored for children 

with different ID levels. 

Third, a double-blind design is suggested. As the assessors were not blinded in 

this study, the assessment results may carry some bias. In double-blind studies, both 

participants and assessors are blinded to the grouping, which may prevent conscious 

and unconscious bias from affecting the assessments.  

Fourth, PA levels should be assessed as accurately as possible, because PA 

levels obtained by self-reporting, as in this study, may bias the effects of the 

confounders. 

Fifth, follow-ups should be included in future research to assess the 

sustainability of interventions. Because, even when the initial implementation of an 

intervention is successful, it does not mean that the health benefits can be continued.  

Sixth, based on my systematic review and meta-analysis, there is a lack of 

evidence worldwide in effective interventions for obesity and health-related fitness 

for Children with ID, including Western countries. Thus, it may not be appropriate 

to simply apply findings from any studies to the Chinese children with ID. However, 

it’s worth noting that differences in races, culture, education and school contexts 
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play a role in exercise-induced health effects. Thus, scholars should be cautious 

when reading the findings from my study. 

6.4 Conclusions 

This study was designed to develop and evaluate the effectiveness of a PA 

intervention in decreasing obesity and improving HRPF in adolescents with ID. 

Accordingly, a 12-week school-based RCT was developed and implemented on the 

basis of evidence obtained from a systematic review and meta-analysis. During the 

intervention period, the participants in the IG (n = 15) received a fun-game based 

moderate-to-vigorous PA training programme (two sessions/week, 60 

minutes/session), the intensity of which was increased progressively. The 

participants in the CG (n = 15) received no intervention during the study period (but 

received the same PA programme after the completion of the study). To observe 

and evaluate the sustained effects of the intervention, follow-up testing was 

scheduled 12 weeks after the intervention. The study outcomes included obesity- 

and HRPF-related outcomes (primary) and blood pressure-related outcomes 

(secondary outcomes). All measurements were taken at three time points. 

The intervention was effective in reducing the degree of obesity in adolescents 

with ID, as body weight and BMI in the IG decreased significantly compared with 

the CG. In addition, these effects were sustained 12 weeks after the intervention, 

indicating strong intervention effects. The other examined obesity-related outcomes 

also improved, albeit non-significantly. 

The intervention was also effective in improving CPF, lower limb muscular 

strength and endurance, and hand and forearm strength, as evidenced by the 

improvements in the IG in the 6MWT and 30-second sit-to-stand test scores and in 

handgrip strength. The improvements in the 6MWT and 30-second sit-to-stand test 

scores (but not handgrip strength) were sustained. Regarding abdominal muscular 

strength and endurance (evaluated by 1-minute sit-up tests) as and flexibility 
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(evaluated by sit-and-reach tests), no sustained improvements were seen after the 

12-week intervention.  

The intervention did not significantly decrease systolic or diastolic blood 

pressure, but a decreasing trend was seen nevertheless. This trend might become 

significant in interventions with longer durations or higher exercise intensities. 

Overall, this study provides practicable evidence for reducing obesity and 

HRPF in children with ID. According to the systematic review and intervention, to 

reduce obesity and improve HRPF levels in children with ID, the recommended PA 

components include short-term durations, two session/week, 30-60 minutes of 

session time, moderate to vigorous PA, and aerobic combined with resistance 

exercise. Our successful experience will be shared with more special schools. 

Moreover, our study can serve as an example for researchers, policymakers, staff 

of special schools, and members of the public who are seeking strategies for 

addressing obesity and low HRPF in children with ID. 
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APPENDICES 

Appendix 1: The PRISMA Statement 

Section/topic  # Checklist item  
Reported on 
page #  

TITLE   
Title  1 Identify the report as a systematic review, meta-

analysis, or both.  
p.23,title 

ABSTRACT   

Structured 
summary  

2 Provide a structured summary including, as 
applicable: background; objectives; data sources; 
study eligibility criteria, participants, and 
interventions; study appraisal and synthesis methods; 
results; limitations; conclusions and implications of 
key findings; systematic review registration number.  

p.ii, abstract 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of 

what is already known.  
p.15-17,  

Objectives  4 Provide an explicit statement of questions being 
addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  

p.23  

METHODS   
Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can 
be accessed (e.g., Web address), and, if available, 
provide registration information including registration 
number.  

N/A 

Eligibility 
criteria  

6 Specify study characteristics (e.g., PICOS, length of 
follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as 
criteria for eligibility, giving rationale.  

p.23-24, study 
selection 

Information 
sources  

7 Describe all information sources (e.g., databases with 
dates of coverage, contact with study authors to 
identify additional studies) in the search and date last 
searched.  

p.23, search 
strategy 

Search  8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could 
be repeated.  

p.23, search 
strategy 

Study 
selection  

9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if 

p.23-24, study 
selection 
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applicable, included in the meta-analysis).  

Data 
collection 
process  

10 Describe method of data extraction from reports (e.g., 
piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from 
investigators.  

p.25-26, data 
extraction and 
data analysis 

Data items  11 List and define all variables for which data were 
sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  

P25-26, data 
extraction and 
data analysis 

Risk of bias in 
individual 
studies  

12 Describe methods used for assessing risk of bias of 
individual studies (including specification of whether 
this was done at the study or outcome level), and how 
this information is to be used in any data synthesis.  

p.24, quality 
assessment 

Summary 
measures  

13 State the principal summary measures (e.g., risk ratio, 
difference in means).  

p. 25-26, data 
extraction and 
data analysis 

Synthesis of 
results  

14 Describe the methods of handling data and combining 
results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  

p. 25-26, data 
extraction and 
data analysis 

Risk of bias 
across studies  

15 Specify any assessment of risk of bias that may affect 
the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  

N/A 

Additional 
analyses  

16 Describe methods of additional analyses (e.g., 
sensitivity or subgroup analyses, meta-regression), if 
done, indicating which were pre-specified.  

p. 25-26, data 
extraction and 
data analysis 

RESULTS   

Study 
selection  

17 Give numbers of studies screened, assessed for 
eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  

p.26-27, search 
results 

Study 
characteristics  

18 For each study, present characteristics for which data 
were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  

p.27-30, 
characteristics 
of intervention 
studies 

Risk of bias 
within studies  

19 Present data on risk of bias of each study and, if 
available, any outcome level assessment (see item 12).  

p.36-38, quality 
assessment 
results 

Results of 
individual 
studies  

20 For all outcomes considered (benefits or harms), 
present, for each study: (a) simple summary data for 
each intervention group (b) effect estimates and 

p.39-45, 
outcomes and 
effectiveness 



 132 

confidence intervals, ideally with a forest plot.  

Synthesis of 
results  

21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency.  

p.39-45, 
outcomes and 
effectiveness 

Risk of bias 
across studies  

22 Present results of any assessment of risk of bias across 
studies (see Item 15).  

N/A 

Additional 
analysis  

23 Give results of additional analyses, if done (e.g., 
sensitivity or subgroup analyses, meta-regression [see 
Item 16]).  

p.47, sensitivity 
analysis 

DISCUSSION   

Summary of 
evidence  

24 Summarize the main findings including the strength of 
evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, 
users, and policy makers).  

p.47-51, 
discussion 

Limitations  25 Discuss limitations at study and outcome level (e.g., 
risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  

p.51, strengths 
and limitations 

Conclusions  26 Provide a general interpretation of the results in the 
context of other evidence, and implications for future 
research.  

p.51-52, 
conclusions 

FUNDING   

Funding  27 Describe sources of funding for the systematic review 
and other support (e.g., supply of data); role of funders 
for the systematic review.  

N/A 
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Appendix 2: Search strategy 

Population 
related 

•Aged-related: child OR children OR adolescen OR pubert OR kid OR 
student OR youth OR youths OR pupil OR pediatr OR paediatr OR boy OR 
girl OR teenage OR schoolchildren OR school children. 

AND 

•ID-related: intellectual disability OR intellectually disable OR mental 
retardation OR developmental delay OR developmental disability. 

AND 

Intervention 
related 

interven OR program OR prevent OR train OR exercise OR exercis OR sport 
OR physical activit OR physical education OR physical therapy OR aerobic 
OR dance OR fitness OR diet OR diets OR dieting OR diet therapy OR low 
calorie OR calorie control OR healthy eating OR fasting OR modified fast OR 
dietary fats OR fruit OR vegetables OR high fat OR low fat OR fatty food OR 
formula diet OR nutrition OR eat OR parent OR counsel OR counseling OR 
family therapy  OR behavior therapy  OR social support  OR lifestyle OR 
life style OR health education OR health promotion  OR psychological. 

AND 

Outcome 
related 

•Fatness-related: body mass index OR BMI OR obesity OR obes OR body 
weight OR weight gain OR weight loss OR overweight OR over weight OR 
waist circumference OR body fat % OR body fat percentage OR fat mass OR 
waist-to-hip ratio OR waist-hip ratio OR waist-to-height ratio OR waist- 
height ratio OR skinfold. 

OR 

•Fitness-related: fitness OR physically fit OR cardiopulmonary fitness OR 
cardiorespiratory fitness OR muscular strength OR muscle strength OR 
muscular endurance or muscle endurance OR flexibility. 
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Appendix 3: Characteristics of the 29 included studies 
No Reference 

(country) 

Design Study aim Participants(T/C) Intervention type  Intervention description Outcomes Remark 

1 Boer,  

2014 

(Belgium) 

RCT with 

three arms 

To evaluate the 

effect of sprint 

interval training on 

metabolic and 

physical fitness in 

adolescents and 

young adults with 

ID when compared 

with continuous 

aerobic training 

and no training 

(control). 

N=46 (T1=17; T2=15; C=14) 

1) T1 (SIT*):(M=11, F=6, 

age=18 yrs (3.2); 

2) T2 (CAT *):M=10, F=5, 

age=16.7yrs (3.6); 

3) C(Control): (M=9, F=5, 

age=17.4yrs (2.4);  

Level: mild; 

Body weight: no selection 

criteria on body weight. 

PA 

Duration: 15-

week (＞

3months) 

Follow-up: Nil 

1)Sprint interval training 

(cycling,40min, 

twice/week): 

For wk1-7, each block 

consisted of 10 sprint bouts 

(>100 r/min), 15 s, at a 

resistance 

matching with  

VT*, 45 seconds relative 

rest; for wk8-15, intensity 

of spring and relative rest 

was increased up to 110% 

of VT. 

2) Continuous aerobic 

training (cycling, running, 

stepping, 40min, 

twice/week). Cycled for 10 

minutes at a HR similar to 

the HR at VT (60 r/min), up 

to 110% of VT from wk8. 

Anthropometry 

1)Weight:Δ= -0.8kg (NS. T1 vs C); 

BMI:Δ= -0.7kg/m2 (NS. T1 vs C);  

2)Waist: Δ= -4.3cm (Sig. T1 vs C), Δ= 

-2.5kg/m2 (SIG. T2 vs C);   

3)Body fat%: Δ= -3.8 %(Sig. T1vs T2),  

Δ= -1% (SIG. T2 vs C). 

Physical fitness 

Cardiopulmonary fitness  

4) VO2 max*:Δ= -3L/min (Sig. T1 vs 

C); 2)Rel. VO2 max*: Δ= -0.1ml/kg 

(NS. T1 vs C); 3)Peak power:Δ= -23.8 

W    (Sig. T1 vs T2); 4) HRmax*: Δ= 

-3.1bmp (NS. T1 vs C);  

5)VT* (W):Δ= 20.9 (Sig. T1 vs T2), 

VT(W):Δ= 8 (Sig. T2 vs C); 

6)VT(VO2):Δ= 0.2 (Sig. T1 vs 

CT2);Δ= 0.1 (Sig. T2 vs C);  

7) 6MWD*:Δ= 67.7m (Sig. T1 vs 

C);Δ= 80.3m (Sig. T2 vs C);  

Muscular endurance 

8)MFR *: Δ=6.2s(Sig. T1 vs 

C);Δ=3s(Sig. T2 vs C); 

Muscular strength 

9) Lower limbs (sit-to-stand) :Δ=-0.8 

amount(NS. T1 vs C). 

1)*: SIT: sprint 

interval training; 

CAT: continuous 

aerobic training; 

Chol: cholesterol; 

DBP: diastolic 

blood pressure; 

HDL: high-density 

lipoprotein; LDL: 

low-density 

lipoprotein; SBP: 

systolic blood 

pressure; HOMA-

IR: homeostasis 

model assessment 

of insulin 

resistance; 

6MWD: 6-minute 

walk distance; 

MFR: muscle 

fatigue resistance;  

VO2 max : 

maximum oxygen 

consumption; peak 

HR: peak heart 

rate; Rel VO2 
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Blood pressure 

10)SBP*: Δ= -11mmHg (Sig. T1 vs 

T2);  

11)DBP*: Δ= 3mmHg (NS. T1 vs C); 

Others 

Lipid profile 

12)Chol*: Δ= -15 mg/dL(Sig. T1 vs C); 

13)HDL*:Δ= -4.5 mg/dL (Sig. T1 vs 

C); 

14)LDL*:Δ= -9.6 mg/dL (Sig. T1 vs 

T2);Tri*:Δ= -1.6 mg/dL (Sig. T1 vs C); 

15)Insulin:Δ= -3 IU/mg(Sig. T1 vs T2); 

16)HOMA-IR*:Δ= -0.6(Sig. T1 vs 

C);Δ= -0.3(Sig. T2 vs C);  

11)Glucose: Δ= -1mg/ dL(NS, T1 vs 

C). 

 

 

 

 

 

 

 

  

max : relative VO2 

max; HRmax*: 

maximum heart 

rate; VT: 

ventilatory 

threshold; 

2) p < 0.05 

significantly 

different . 
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2 Salaun, 

2014 

(France) 

Quasi-

experimental 

study, one 

group pretest 

posttest 

design. 

To investigate the 

contributions of 

psychological and 

morphological 

3measurement to 

adolescents’ 

perceptions of 

themselves and to 

determine the 

changes in these 

contributions after 

a 9-month APA 

programme. 

T=23 

Age: 15.13 (1.10)yrs, 

Gender: M=9, F=14 

Level: mild 

Body weight: Obese 

PA (APA*) 

Duration: 30-

week (＞

3months) 

Follow-up: Ni 

Adapted physical activity 

(predominantly aerobic, at 

least twice/week): 

1) Stage1: intensity reached 

to 30–40%VO2max, 30min;  

2) Stage2: one session 

intensity reached to  

30–40%VO2max, 30mins, 

another reached to 35–45% 

VO2max, 50 min; 

3)Stage3: consisted of 

moderate-intensity aerobic 

activity for 45 min and 

sessions of higher-intensity 

intermittent training for 1 h. 

Anthropometry 

1)Weight：Δ=1.06kg(NS); 

2)BMI : Δ=-0.19 m/kg2(NS); 

3) Waist circumference: Δ=-2.54cm

（Sig, p <≤0.05 ）; 

4)Waist-to-height ratio: Δ=-0.02（Sig, 

p ≤ 0.01< 0.05）; 

5) Body fat%: Δ=-1.73%, p <≤0.05

（Sig）; 

Others 

Self-perceptions 

6) Body image dissatisfaction: Δ=-

1.83scores, p <≤0.0105（Sig）; 

7)Global self-esteem: Δ=-0.17 

scores(NS); physical attractiveness: 

Δ=0.61scores; physical condition:  

Δ=0.39scores(NS)； 

1)*APA: adapted 

physical activity.  
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3 Gonzalez-

Aguero, 

2013(Spain

) 

RCT with 

two arms 

To determine the 

effect of 20 weeks 

of whole body 

vibration 

(WBV) on the 

body composition 

of adolescents with 

Down syndrome 

(DS). 

N=24(T=11,C=13) 

Age:15.27 (2.57)yrs; 

Gender: M=17,F=7; 

Level: not marked, but all the 

participants were Down 

Syndrome patients; 

Body weight: no selection 

criteria on body weight. 

PA 

Duration: 5m 

(>3months) 

Follow-up: Nil 

Whole body vibration 

training (3sessionss/week, 

every month had 3 

sessions):  

1)Stage1: 25Hz, 30s, 

10repetitions, totally 

15mins; 

2)Stage2: 28Hz, 30s, 

10repetitions, totally 

15mins; 

3)Stage3: 28Hz, 45s, 

10repetitions, totally 

17.5mins; 

4)Stage4: 28Hz, 45s, 

10repetitions, totally 

17.5mins; 

5)Stage5: 30Hz, 60s, 

10repetitions, totally 

20mins. 

Anthropometry 

1)Weight: Δ=0.06kg,p=0.167 (NS, T vs 

C); 

2)BMI: Δ=0.1kg/m2,p=0.122(NS, T vs 

C); 

3)Lean body mass: 

whole body: Δ=0.71kg ,p=0.216(NS, T 

vs C);upper limbs : Δ=0.03kg,p=0.122 

(NS, T vs C);lower limbs: 

Δ=3.77kg,p=0.408 (NS, T vs C); 

4)Fat mass: whole body: 

Δ=0.09kg,p=0.341 (NS, T vs C);upper 

limb: Δ=-0.03kg,p=0.580 (NS, T vs 

C);lower limbs: Δ=0kg,p=0.168 (NS, T 

vs C); 

5)Change percentage of upper limb: p

＜0.05 (Sig, T vs C). 

1)p < 0.05 

significantly 

different. 
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4 Gonzalez-

Aguero, 

2011(Spain

) 

RCT, with 

two arms 

To determine 

whether youths 

with Down 

syndrome (DS) are 

able to increase 

lean mass and 

decrease fat mass, 

after 21 weeks of 

conditioning 

combined 

with a plyometric 

jumps training 

program. 

N=25(T=12,C=13) 

Age: 13.7yrs(2.6); 

Gender: M=13,F=12; 

Level: not marked, but all the 

participants were Down 

Syndrome patients. 

Body weight: no selection 

criteria on body weight. 

PA 

Duration: 21-

week (> 3months) 

Follow-up: Nil 

Conditioning combined 

with a plyometric jumps 

training program (20-

25mins, twice a week), four 

intensity-groups (different 

resistance) depending on 

participants’ body weight, 

they were transferred to the 

next 

intensity-group when 

showed excessive facility 

for performing exercises. 

The training consisted of 4 

stages: Weeks 1–5: 1 set of 

10 repetitions; Weeks 6–10: 

2 sets of 10 repetitions; 

Weeks 11–15: 2 sets of 15 

repetitions; and Weeks 16–

21: 2 sets of 20 repetitions. 

Anthropometry 

1)Fat mass: whole body: Δ=0.46kg, 

p=0.061 (NS, T vs C); 

trunk: Δ=0.26kg, p=0.113 (NS, T vs C); 

lower limb: Δ=0.08kg, p=0.100 (NS, T 

vs C); 

upper limb: Δ=0.01kg, p=0.060 (NS, T 

vs C); 

2)Lean mass: whole body: Δ=1.54kg, 

p=0.027 (Sig, T vs C); 

lower limb: Δ=0.35kg, p=0.021 (Sig, T 

vs C); 

upper limb: Δ=0.03kg, p=0.935 (NS, T 

vs C). 

1) p < 0.05 

significantly 

different. 
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5 Case,  

2010 

(Canada) 

Quasi-

experimental 

study, one 

group pretest 

posttest 

design. 

To use dual-energy 

x-ray 

absorptiometry 

(DXA) 

to measure the 

effects of a 16-

week community-

based swim 

training program 

on percent body fat 

in children and 

adolescents 

with intellectual 

disability (ID). 

T=8; 

Age: 13.1yrs (3.4); 

Gender: M=6.F=2; 

Level: mild=3, moderate=5; 

Body weight: 

overweight/obese=6, 

normal=2. 

PA 

Duration: 16-

week (> 

3months); 

Follow-up: Nil 

Swim training intervention 

(1h/session, 

3sessions/week): 

At beginning, participants 

swam approximately 200 to 

500m a session with 

variation based on ability. 

By the end of the study, 

participants could swim 

approximately 1000m a 

session depending on their 

ability level. 

Anthropometry 

1) Body fat%: Δ=1.6%, p=0.039 (Sig). 

1) p < 0.05 

significantly 

different. 

2)The swim 

training 

intervention was 

ineffective as 

participants’ body 

fat% significantly 

increased. 
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6 Elmahgoub

, 

2009 

(Belgium) 

RCT, with 

two arms. 

To investigate the 

effect of combined 

exercise training on 

indices of body 

composition, 

physical 

fitness and lipid 

profile in 

adolescents with 

mental 

retardation. 

N=30(T=15,C=15); 

Age:14-22yrs; 

Gender: don’t know numbers 

of male and female 

participants; 

Level: moderate to mild (total 

IQ: 45-70); 

Body weight: 

overweight/obese; 

Others: fragile X 

syndrome/autism. 

PA 

Duration: 10-

week (≤3months); 

Follow-up: Nil. 

Program (50mins, 

3essions/week):  

1) For aerobic part (cycling 

and stepping): 1-9sessions, 

60%HRR*, 10-19sessions, 

70%HRR, 20-30sessions, 

75%HRR. 

2)Strength exercise(using 

stack weight equipment): 

The starting level was 60% 

of 1RM*, which increased 

up to 80%. Each muscle 

group was trained in three 

sets of ten repetitions. 

Anthropometry 

1)Weight: Δ=-1.4kg, p＜0.001(Sig, T 

vs C); 

2)BMI: Δ=-1.2kg/m2, p=0.001(Sig, T 

vs C); 

3)Waist: Δ=-2cmg, p＜0.001(Sig, T vs 

C); 

4) Fat mass: Δ=-4.1kg, p＜0.001(Sig, T 

vs C); 

5) Fat-free mass: Δ=0.6kg, 

p=0.876(NS, T vs C); 

6) Fat-free mass%: Δ=-1.3%, 

p=0.01(Sig, T vs C); 

Physical fitness 

Cardiopulmonary fitness 

7) VO2 max: Δ=-0.03L/min, 

p=0.087(NS, T vs C); 

8)Rel. VO2 max: Δ=-0.08ml kg-1min-

1, p=0.091(NS, T vs C); 

9)Peak Power: Δ=15Watt, p＜

0.001(Sig, T vs C); 

10) VO2 max /Peak Power: Δ=-1.3, p＜

0.001 (Sig, T vs C); 

11) HRmax: Δ=-1amount/min, p=0.19 

(NS, T vs C); 

12)6MWD: Δ=56m, p=0.040 (Sig, T vs 

C); 

Musclular strength 

13) Lower limbs (1RM LL*): Δ=35kg, 

p=0.006 (Sig, T vs C); 

1)* HRR: heart rate 

reserve; 1RM: one-

repetition 

maximum; 

2)p < 0.05 

significantly 

different. 
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14) Lower limbs (sit-to-stand): 

Δ=3amount/30s, p=0.021(Sig, T vs C). 

15) Upper limbs (1RM UL*):Δ=7kg, 

p=0.03 (Sig, T vs C); 

16)Upper limbs (hand grip) : Δ=7kg, 

p=0.048 (Sig, T vs C); 

Muscular endurance 

17)MFR: Δ=23s, p＜0.001(Sig, T vs 

C).  

Blood pressure 

18)HDL: Δ=9mg/dl, p＜0.001(Sig, T 

vs C); 

19)LDL: Δ=-16mg/dl, p=0.002(Sig, T 

vs C); 

Others 

Lipid profile 

20)Triglycerides:Δ=-46mg/dl, 

p=0.01(Sig, T vs C); 

21)Total cholesterol: Δ=-87mg/dl, 

p=0.03(Sig, T vs C). 
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7 Ordonez, 

2006(Spain

) 

Quasi-

experimental 

study, one 

group pretest 

posttest 

design. 

To design adequate 

strategies 

based on physical 

activities that may 

be easily performed 

to ensure adherence 

as a healthy 

lifestyle 

choice for 

adolescents with 

Down syndrome. 

T=22, 

Age:16.2yrs(1.0); 

Gender: M=22; 

Level: not marked; 

Others: Down syndrome; 

Body weight: 31.8% were 

overweight / obese, others 

were normal weight. 

PA 

Duration: 12-

week(≤3months); 

Follow-up: Nil 

Program(both water & land: 

3sessions/week): 

1)1-2week, 30mins; 

2)3-4week, 45mins; 

3)5-12week, 60mins. 

Anthropometry 

1)Weight: Δ=-3.6kg (Sig); 

2)Body fat%: Δ=-5.8%, p=0.021 (Sig); 

3)Fat free mass%:Δ=5.8% (NS); 

4) Fat mass: Δ=-5.5kg, (Sig); 

5) Fat-free mass: Δ=1.8kg, (NS). 

1) p < 0.05 

significantly 

different. 

8 Wu, 

2017(Taiw

an) 

Non-

randomized 

study, pre-to-

post 

experimental 

study with 

three arms. 

Researcher 

prioritized 

the 

recruitment 

of obese 

students over 

overweight 

ones into the 

intervention 

group. 

To evaluates a 

multifactorial 

school-based 

intervention with 

the aim of 

decreasing 

cardiometabolic 

risk factors by 

means of a healthy 

lifestyle, primarily 

with daily physical 

activity and 

healthy food during 

school hours, at an 

upper secondary 

school for students 

with intellectual 

disabilities. 

N=43 (T=14, C1=14,C2=15); 

Age: 16.22yrs (1.47); 

Gender: M=19,F=24; 

Level: mild-2, moderate=33, 

severe=5, profound=3; 

Body weight: 

1)T: overweight=1, 

obesity=13; 

2)C1: overweight=6, 

obesity=8; 

3)C2:normal weight. 

PA 

Duration: 12-

week(≤3months); 

Follow-up: Nil. 

Cross-circuit exercise 

training(50mins/session, 

5sessions/week, no breaks):  

1)15 trips of ascending and 

descending stairs, 2) Using 

a single aerobic device 

for15–20 min (e.g., 

treadmill, step machine, 

cross trainer, and stationary 

bicycle), 3) 50 sit-ups; 

4)Three consecutive jumps 

with both feet together for 

15 times (i.e., jumping over 

a barrier measuring 20 cm 

high and 30 cm wide and 

surrounded by a rubber 

band). 

Anthropometry 

1)Weight: Δ=-2.19kg, p＜0.01(Sig, T 

vs C1); 

2)BMI: Δ=-0.90kg/m2, p＜0.01(Sig, T 

vs C1); 

3)Fat mass: Δ=-1.15kg, p=0.02(Sig, T 

vs C1); 

4)Fat-free body mass: Δ=-1.05kg, 

p=0.02(Sig, T vs C1); 

5)Body fat%:Δ=-0.5%, p=0.32(NS, T 

vs C1); 

6)Skeletal muscle mass: Δ=-0.21kg, 

p=0.36(NS, T vs C1); 

Physical fitness 

Cardiopulmonary fitness 

7)HRmax: Δ=2.50bmp, p=0.27(NS, T 

vs C1); 

8)HRmax %: Δ=1.21%, p=0.28(NS, T 

vs C1); 

1)The performance 

of 1 min sit-up of T 

group even 

superior to that of 

the C2 group 

(normal weight). 

2) p < 0.05 

significantly 

different. 
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Muscular strength 

9) Abdominal muscle strength (1 min 

sit-up *): Δ=5.71amounts, p＜0.01(Sig, 

T vs C1); 

Others 

10)Total exercise time: Δ=83.29s, p＜

0.01(Sig, T vs C1); 

11)Muscle power (vertical  jump): 

Δ=5.19cm, p＜0.01(Sig, T vs C1); 

12)Balance (Bass dynamic balance): 

Δ=10.79scores, p=0.02(Sig, T vs C1). 

9 Shields, 

2010 

(Australia) 

RCT with 

two arms. 

To determine the 

effects 

of a student-led 

community-based 

progressive 

resistance 

training program 

for adolescents 

with Down 

syndrome.  

N=23(T=11,C=12) 

Age: 15.9yrs (1.5) 

Gender: M=17,F=6 

Level: 

mild=6,moderate=15,severe=

2 

Others: Down syndrome 

Body weight: 

1) T: 63kg (mean); 

2) C: 58kg (mean). 

PA 

Duration:10-

week(≤3months) 

Follow-up: Nil 

Student-let progressive 

resistance training program 

(twice a week): six 

exercises using weight 

machines (3 for upper 

limbs, 3 for lower limbs). 3 

sets of 12 repetitions of 

each exercise, or until 

fatigue. 2 min rest between 

each repetition. 

Physical fitness 

Muscular strength 

1) Upper limbs (1RM UL): Δ=11kg, 

95%CI -3to17(NS, T vs C);  

2) Lower limbs (1RM LL): Δ=45kg, 

95%CI 15to58(Sig, T vs C). 
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10 Elmahgoub

, 

2011(Belgi

um) 

RCT with 

three arms. 

To investigate the 

feasibility and 

efficacy of such 

tailored short-term 

training program 

for 

adolescents with ID 

and overweight or 

obesity. 

N=45(T1=15,T2=15,C=15); 

Age:14-22yrs; 

Gender: not marked; 

Level: moderate to mild; 

Body weight: overweight and 

obesity. 

PA 

Duration: 

1)T1: 15-week(＞

3months);  

2) T2:10-week. 

Follow-up: Nil 

Strength and endurance 

training 

program(T1:50mins, 

2times/week;T2:50mins,3ti

mes/week): 

1) cycling: 60-75%peak 

HRR*; 

2) strength upper limb: 60-

80% 1RM*; 

3) stepping: 60-75%peak 

HRR; 

4) strength lower limb: 60-

80% 1RM; 

Anthropometry 

1)Weight: Δ=-2kg, (Sig, T2 vs C); Δ=-

1kg, (NS, T1 vs T2); 

2)BMI: Δ=-2kg/m2, (Sig, T2 vs C); Δ=-

0.3kg, (NS, T1 vs T2); 

3)Waist: Δ=-4cm, (Sig, T2 vs C); Δ=-

4cm, (NS, T1 vs T2); 

4)Fat mass: Δ=-2kg, (Sig, T2 vs C); 

Δ=-2kg, (NS, T1 vs T2); 

5)Fat-free mass: Δ=0kg, (NS, T2 vs C); 

Δ=-1kg, (NS, T1 vs T2); 

6) Fat-free mass%: Δ=2%, (Sig, T2 vs 

C); Δ=2%, (NS, T1 vs T2); 

Physical fitness 

Cardiopulmonary fitness 

7) VO2 max: Δ=0L.min-1, (NS, T2 vs 

C); Δ=0.1L.min-1, (NS, T1 vs T2); 

8)Peak power: Δ=14w, (Sig, T2 vs C); 

Δ=13w, (NS, T1 vs T2); 

9) VO2 max / peak power: Δ=-1.1, 

(Sig, T2 vs C); Δ=-0.7, (NS, T1 vs T2); 

10) HRmax: Δ=2b.min-1, (Sig, T2 vs 

C); Δ=0b.min-1, (NS, T1 vs T2); 

11)6MWD:Δ=59m, (Sig, T2 vs C); 

Δ=74m, (NS, T1 vs T2); 

Muscular strength 

12) Upper limbs (1RM UL) Δ=9kg, 

(Sig, T2 vs C); Δ=7kg, (NS, T1 vs T2); 

13) Upper limbs (hand grip) :Δ=3kg, 

(NS, T2 vs C); Δ=2kg, (NS, T1 vs T2); 

1)* peak HRR: 

peak heart rate 

reserve; 1RM: 1 

repetition 

maximum; Total 

chol: total 

cholesterol;HDL: 

high-density 

lipoprotein;LDL: 

ow- density 

lipoprotein; 

6MWD:6-minute 

walk distance; 

1RM UL: maximal 

strength upper 

limb; 1RM LL: 

maximal strength 

lower limb; 

2) p < 0.05 

significantly 

different. 
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14) Lower limbs (1RM LL) Δ=27kg, 

(Sig, T2 vs C); Δ=21kg, (Sig, T1 vs 

T2); 

15) Lower limbs (sit to stand): 

Δ=4stands, (Sig, T2 vs C); Δ=2stands, 

(NS, T1 vs T2); 

Muscular endurance 

16)MFR:Δ=19s, (Sig, T2 vs C); Δ=4s, 

(NS, T1 vs T2); 

Blood pressure 

17)HDL*: Δ=8mg.dL-1, (Sig, T2 vs C); 

Δ=3mg.dL-1, (NS, T1 vs T2); 

18)LDL* Δ=-7mg.dL-1, (Sig, T2 vs C); 

Δ=-6mg.dL-1, (NS, T1 vs T2); 

Others 

Lipid profile 

19)Total chol*:Δ=-10mg.dL-1, (Sig, T2 

vs C); Δ=-7mg.dL-1, (NS, T1 vs T2). 
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11 Lotan,    

2004 

(Israel) 

Quasi-

experimental 

study; 

Modified one 

group pretest 

posttest 

design (with 

one more 

observation, 

which was 

conducted at 

2 months 

before the 

intervention 

(same as 

intervention 

period)) 

To investigate: 

1)if it would be 

possible to use 

treatmill with ID 

children in daily 

exercise program in 

order to improve 

their physical 

fitness; 

2)the relationship 

between physical 

fitness and 

functional abilities; 

3)to discover if the 

exercise could be 

performed by 

unskilled staff 

members to ensure 

low costs. 

T=15 

Age: 7.9yrs 

Gender: M=8; F=7  

Level: 

Moderate=4; 

Severe=8; 

Profound=3 

Body weight: no selection 

criteria on body weight. 

Others: low motor ability & 

low muscle tone 

PA 

Duration: 2 

m(≤3months) 

Follow-up: 1 yr  

Daily treadmill (mean: 19.9 

min/day): 

1) average walking speed: 

1.7 kph - 2.7 kph; 

2) average min/session:   

6.7 min - 28.8 min; 

3) average capacity/session: 

223 kcal - 1,965 kcal 

Physical fitness 

Cardiopulmonary fitness 

1)Pulse-at-rest: Δ= -13.5 bpm (Sig.); 

2)Pulse-at-exercise: Δ= -24.2bpm 

(Sig.). 

Functional ability:  

1)scores: Δ= 45.1 score (Sig.) 

*: a self-developed functional ability 

measurement tool; 

2) 1-yr follow-up: pulse-at-rest 

increased by 5.1 bpm (O4-O3; NS). 

1)It is not a typical 

interrupted time 

series design, as 

only two time 

points analyzed 

before intervention 

and 1 time point 

analyzes after 

intervention.  

2)*: functional 

ability 

measurements 

include: knee 

walking, 10-m 

speed walking, and 

ascending/descendi

ng 

stairs 

3)p < 0.05 

significantly 

different. 
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12 Giagazogla

u, 

2012(Greec

e) 

RCT, with 

two arms. 

To assess the 

effects of a 

hipportherapy 

program on static 

balance and 

strength in 

adolescents with ID 

N=19 (T=10, C=9) 

Age:15.2 yrs (1.9) 

Level: moderate 

Body weight: no selection 

criteria on body weight. 

PA 

Duration: 10-

week(≤3months) 

Follow-up: Nil 

Hippotherapy training 

(30min, twice/week): For  

Wk1, familiar with 

activities. Next Wks, 

assumed several different 

positions (i.e. facing 

forward, side-sitting, facing 

backward) and performed 

therapeutic activities on the 

moving horse. Gradually, 

the degree of difficulty 

increased. 

Physical fitness 

Muscular strength 

1) Lower limbs (MvCRF*): Δ=224.9 N 

(Sig. T vs C); 

2) Lower limbs (RFD*): Δ=247.6 N 

(Sig. T vs C); 

Others 

Balance 

3) One leg stance (left):NS; 

4) One leg stance (right):  

A/P*:Δ=-24mm (Sig. T vs C); 

M/L*:Δ=-10mm (Sig. T vs C) 

1)*: A/P: anterior 

posterior; M/L: 

mediolateral; 

MvGRF: Maximal 

vertical Ground 

Reaction Forces; 

RFD: mean Rate of 

Force 

Development. 

2) p < 0.05 

significantly 

different. 

3) A hippotherapy 

intervention can 

constitute an 

appropriate 

alternative exercise 

mode 
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13 Golubovic, 

2012 

(Serbia) 

RCT, with 

three arms. 

To determine 

whether and to 

what extent 

application of 

different planned 

activities could 

affect the 

development of 

physical fitness in 

children with 

borderline and mild 

ID. 

N=87 (T=21, C1=21,C2=45) 

Age: 8.6yrs (1.89) 

Level: mild=23, 

borderline*=19, typical 

developing=45  

Body weight: no selection 

criteria on body weight. 

1)T:mild=12,borderline=9 

2)C1(control1): 

mild=11,borderline=10; 

3)C2(control2):  typical 

developing. 

PA 

Duration: 6 m(＞

3months); 

Follow-up: Nil 

Fitness program (45min, 

3weekly sessions):activities 

performed were exercises 

recommended for 

development of specific 

physical fitness. (No 

detailed description about 

the program) 

Physical fitness 

Cardiopulmonary fitness  

1)20 m shuttle run: 

Δ=57.348m,t=7.845, p=0.000(Sig, T vs 

C1), Δ=50.901m, t=8.131, p<0.001(Sig, 

T vs C2); 

Muscular strength 

2)Lower limbs (standing broad jump): 

Δ=15.707cm, t=8.405, p=0.000(Sig, T 

vs C1), Δ=10.263cm,t=6.413, 

p=0.000(Sig, T vs C2); 

3) Upper limbs (bent arm hang test): 

Δ=10.786s, t=6.172, p<0.001 (Sig, T vs 

C1), Δ=10.796s,t=7.214, p<0.001 (Sig, 

T vs C2); 

4) Abdominal muscle strength (sit-up ): 

Δ=7.581amount,t=6.172, p=0.000(Sig, 

T vs C1), Δ=5.715amount, t=7.504, 

p=0.000(Sig, T vs C2); 

Others 

5)Balance: Δ=5.518mm,  t=6.421, 

p=0.000(Sig, T vs C1), 

Δ=4.145mm,t=5.633, p=0.000(Sig, T vs 

C2). 

1)*Borderline ID: 

generally an IQ of 

70–85, it is not as 

severe as 

intellectual 

disability 

(below70),  

sometimes called 

below average IQ 

(BAIQ). 

2) p < 0.05 

significantly 

different. 

3)Only applied T-

test to analysis 

outcomes, even 

though significant 

among all these 

outcomes, but there 

were no differences 

within groups after 

intervention. 

Therefore, multi-

analysis methods 

should be applied 

in case of the 

analysis bias. 
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14 Stanish, 

2012(Cana

da) 

Quasi-

experimental 

study, one 

group pretest 

posttest 

design. Each 

participant 

was assigned 

a peer 

exercise 

partner 

(typically 

developing 

adolescents), 

both 

participants 

and their 

peer partners 

engaged in 

the exercise 

routine. 

To examine the 

extent to which 

both youth with 

intellectual 

disabilities and 

peers (i) 

participated in the 

programme 

elements, that is, 

aerobic exercise, 

weight 

training and core 

strengthening ⁄ 

flexibility exercises 

and 

(ii) showed change 

in aerobic power, 

strength, flexibility, 

and body mass 

index (BMI). 

1)T=20 

Age:17.8yrs (1.6) 

Gender: M=10,F=10 

Level: mild and moderate; 

Body weight: BMI=25.3 

kg/m2(mean); 

2)Peer exercise (typically 

developing)partners: Tp=14 

Age: 15-19yrs 

Gender: M=5, F=9; 

PA 

Duration:15-

week(＞3months) 

Follow-up: Nil 

Peer-guided exercise 

program(1hr, 2times/week): 

1)Weight training: 10-

12repetitions of two upper-

body and two lower-body 

exercise, 2sets; 

2)Aerobic exercise:20mins, 

moderate to vigorous 

intensity, 

treadmill/stationary 

bicycle/stair climber/rowing 

machine; 

3)2-3 times of upper-and 

lower-body stretches, and 

held for approximately 10s. 

Anthropometry 

1)BMI: Δ=-0.6kg/m2, p=0.04(Sig); Tp: 

Δ=-3.5 kg/m2, p=0.03(Sig). 

Physical fitness 

Cardiopulmonary fitness  

2) 6MWD:Δ=139.7m, p＜0.01(Sig); 

Tp: Δ=79.3, p＜0.01(Sig). 

Muscular strength 

3) Upper limbs(hand grip): T: Δ=0.2kg, 

p=0.87(NS); Tp: Δ=1kg, p=0.14(NS); 

4) Abdominal muscle strength (curl-

up): T: Δ=7.9reps, p＜0.01(Sig); Tp: 

Δ=18.8rep, p=0.05(a medium effect). 

Flexibility 

5)Sit and reach : T: Δ=1.3 in, 

p=0.24(NS); Tp: Δ=0.8 in, p=0.24(NS); 

1)Only evaluated 

the within group 

pre to post test.  
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15 Collins,  

2017 

(Canada) 

Quasi-

experimental 

study, one 

group pretest 

posttest 

design. 

To examine the 

effectiveness of 

participating in a 

community-based 

PA 

program that 

focused on the 

development of 

fundamental 

movement skills on 

levels of physical 

fitness among 

children with IDD 

over 

a 10-week period. 

T=35; 

Age: 9.33 yrs (1.82); 

Gender: M=25, F=10; 

Level:ｍild to moderate=21, 

moderate to severe=14; 

Body weight: no selection 

criteria on body weight; 

Others: ASD = 23, Down 

syndrome = 3, fragile-x 

syndrome = 2, fetal alcohol 

spectrum disorder = 2, 

global developmental delay= 

5. 

PA 

Duration: 10-

week(≤3months); 

Follow-up: Nil. 

Program (90mins, 

1session/week):  

 two different sports each 

week, targeting the 

development of 

fundamental movement 

skills associated with each 

sport (e.g., basketball 

included 3 or 4 stations, 

within each stationa variety 

of progressions would be 

made, with each 

progression increasing in 

complexity. In addition, 

sports games would further 

increase the intensity. 

Physical fitness 

Cardiopulmonary fitness 

1) 20m shuttle run: Δ= -2.83 laps (Sig); 

Muscluar strength 

2) Abdominal (curl up): Δ= 5.6# (Sig); 

Muscluar endurance 

3) Upper limbs (push up):  Δ= 7.75 sec 

(Sig); 

Flexibility 

4) Sit and reach(left): Δ= 1.48 cm (Sig); 

5) Sit and reach(right): Δ= 0.77 cm 

(NS); 

Model, measure 

protocol, and 

program need 

further read. 
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16 Giagazogla

u, 

2013(Greec

e) 

RCT, with 

two arms. 

To assess the effect 

of a 12-week 

trampoline exercise 

intervention 

program on motor 

and balance ability 

of 

school aged 

children with ID 

N=18 (T=9, C=9); 

Age:10.3 yrs (1.3); 

Gender: M=14. F=4; 

Level: moderate; 

Body weight: no selection 

criteria on body weight. 

PA 

Duration: 12-

week(≤3months); 

Follow-up: Nil. 

Trampoline exercise 

(20mins, daily): no detailed 

information (contents and 

intensity) about the exercise 

program. 

Physical fitness 

Flexibility 

1) Sit and reach(left): Δ= 6.11 cm (Sig); 

Others 

2) Muscular power (vertical jump): Δ= 

6.22 cm (Sig); 

3) Muscular power (broad jump): Δ= 

30.11 cm (Sig); 

4) Balance (double leg stance with 

opened eyes): CoPmax-M/L: Δ= -7.86 

mm (Sig); CoPsd-M/L: Δ= -1.46 mm 

(Sig); CoPmax-A/P: Δ= -8.93 mm 

(Sig); CoPsd-A/P: Δ= -1.76 mm (Sig); 

5) Balance (double leg stance with 

closed eyes); CoPmax-M/L: Δ= -4.08 

mm (Sig); 

CoPsd-M/L: Δ= -0.987mm (Sig); 

CoPmax-A/P: Δ= -8.37 mm (Sig);  

CoPsd-A/P: Δ= -0.27 mm (NS); 

6) Balance (one leg stance): CoPmax-

M/L: Δ= -5.33 mm (Sig); CoPsd-M/L: 

Δ= -1.38 mm (Sig); CoPmax-A/P: Δ= -

8.05 mm (Sig); CoPsd-A/P: Δ= -1.9 

mm (NS). 
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17 Halle,  

1999 

(USA) 

Non-

randomized 

study, pre-to-

post 

experimental 

study. Two 

replicatiated 

experiments, 

each of them 

had two 

arms. The  

two 

experiments 

conducted in 

consecutive 

school years. 

To evaluate 

program effects. 

Participants N=17, peers=31 

Experiment1, N=9, peers=14 

(T=6,C=3) 

Age: 13.6yrs; 

Gender: M=4, F=5; 

Experiment2, N=8, peers=17 

(T=6,C=3) 

Age: 17.2yrs; 

Gender: M=6, F=2; 

 

Level:moderate to server; 

Body weight: no selection 

criteria on body weight. 

PA 

Duration: 20-23 

weeks, (＞

3months)  

Follow-up: Nil. 

 

Experiment1 

Duration: T1-T2, 

10-week (T&C); 

T2-T3, 10-

week((T&C); 

Experiment2 

Duration: T1-T2, 

10-week(T&C); 

T2-T3, 11-

week(T), 13-

week(C). 

Peer-mediated aerobic 

conditioning program (30 

mins, 3 times/week):  

1) the exercise intensity of 

the program was 70%-

85%HRR (vigrorous); 

2) contents involved:ｗ

alk/jog, with alternate 

activities (e.g., walk 

backward, skip, hop, jump, 

lift weights, climb stairs, 

jumping jack, perform ball 

skills and animal walks. 

Physical fitness 

Cardiopulmonary fitness 

(1)ExerciseHR (mean) 

Experiment1: exerciseHR: T1-T2 (Sig, 

T vs C), T2-T3 (Sig, T vs C); 

Experiment2: exerciseHR: T1-T3 (Sig, 

T vs C), T1-T2 (NS, T vs C), T2-

T3(NS, T vs C). 

(1)ExerciseHR (percentage) 

Experiment1: exerciseHR: T1-T2 (Sig, 

T vs C), T2-T3 (Sig, T vs C); 

Experiment2: exerciseHR: T1-T2 (Sig, 

T vs C), T2-T3 (Sig, T vs C). 

1）In both two 

experiments, 

control group 

became a second 

experimental group 

and participanted in 

the program after 

10-week training. 

2）Peers data were 

not assessed in the 

program. 
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18 Kachouri, 

2016 

(Tunisia) 

RCT, with 

two arms. 

To investigate the 

effect of a 

combined strength 

and proprioception 

training (CSPT) 

program on muscle 

strength and 

postural balance in 

children with 

ID. 

N=20 (T=10, C=10) 

Age: 9-13 yrs; 

Gender: M=20; 

Level: mild; 

Body weught: no selection 

cirteria on body weight. 

PA 

Duration: 8-

week(＞3months)  

Follow-up: Nil. 

  

Combined strength and 

propriception traing (CSPT) 

(45-60mins, 3 

sessions/week): 

1) Contents: air aquat, squat 

junps, streight sit ups, 

power sit up, flutter kicks, 

two-foot ankle hop, single-

foot side to sideankle hop, 

tuck jump with knees up, 

standing long jump, 

single/double leg hops, 

standing on one foot, lateral 

jump with both/one foot, 

running up the stairs with 

one/both foot/feet. 

2) The number of 

repetitions and sets were 

changed over time as 

follows: three sets of 15 

repetitions in the 1st and 

2nd weeks, three sets of 20 

repetitions in the 3th and 

4th weeks, four sets of 20 

repetitions in the 5th and 

6th weeks and five sets of 

20 repetitions in the 7th and 

8th weeks. 

Physical fitness 

Muscular strength 

1) lower limps: Δ= 25 N (Sig, T vs C); 

Others 

2) Balance: 

CoPvm ( double leg standing with eyes 

open, firm condition): Δ= -86mm (Sig, 

T vs C); 

CoPlx ( double leg standing with eyes 

open, firm condition): Δ= -142.6mm 

(Sig, T vs C); 

CoPly ( double leg standing with eyes 

open, foam condition): Δ= -182.3mm 

(Sig, T vs C). 
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19 Kocić, 

 2017 

(Serbia) 

RCT, with 

two arms. 

To examine the 

effects of an 

adapted basketball 

training program 

on the 

cardiorespiratory 

fitness and sport 

skills performance 

of adolescents with 

ID 

N=50 (T=25, C=25) 

Age: T 15.7yrs (0.9), C15.9 

yrs (0.8); 

Gender: M=27, F=23; 

Level: mild; 

Body weught: no selection 

cirteria on body weight. 

PA 

Duration: 8-

week(≤3months)  

Follow-up: Nil. 

  

Adaptedbasketball training 

program (25-35mins,  4 

sessions/week): 

1) 1-4 weeks, duration was 

25-30mins; 

2) 5-8 weeks, duration was 

30-35mins. 

Antropometry 

1) Weight: Δ=-0.4kg (NS, T vs C); 

2) Fat mass%:Δ=-0.8% (NS, T vs C); 

Physical fitness 

Cardiopulmonary fitness 

3) HR rest: Δ=-1.48bpm (NS, T vs C); 

4) 6MWD: Δ=10% (Sig, T vs C); 

Others 

Basketball performance 

5) Ball handing: (Sig, T vs C); 

6) Reception:(Sig, T vs C); 

7) Passing:(Sig, T vs C); 

8) Shootiing:(Sig, T vs C). 

 



 155 

20 Lee,  

2016 

(USA) 

RCT, with 

two arms. 

To investigate the 

effect of balance 

training on postural 

balance, 

gait, and functional 

strength in 

adolescents with 

ID. 

N=31 (T=15, C=16) 

Age: 16.27yrs (1.17) ; 

Gender: M=17, F=14; 

Level: mild ID; 

Body weught: no selection 

cirteria on body weight. 

Others: Down syndrome, 

unknown syndrome. 

PA 

Duration: 8-

week(≤3months)  

Follow-up: Nil. 

  

Balance training program 

(40mins, 2 sessions/week):  

the mobility balance 

training performed by the 

subjects included the 

following: weight shifting 

forward, backward, 

sideward, and diagonally 

with 

eyes opened and eyes 

closed; walking toe-to-heel 

barefoot; walking along the 

gym and stepping on foam 

with different thicknesses; 

side walking; reverse 

walking; and one-foot 

jumps. In addition, 

progressive activity training 

included exercises such as 

stepping over/on obstacles, 

passing balls 

arranged in a circle, 

throwing and catching a ball 

and balloons, and rolling 

and kicking a ball.  

Physical fitness 

Muscular strength 

1) lower limps (sit to stand): Δ= 6.3s 

(Sig, T vs C); 

Others 

Balance 

2) Eye open (AP): Δ= -1.66mm/s (Sig, 

T vs C); 

3) Eye open (ML): Δ= -1.36mm/s (Sig, 

T vs C); 

4) Eye open (VM): Δ= -3.93mm/s (Sig, 

T vs C); 

5) Eye close (AP): Δ= -4.54mm/s (Sig, 

T vs C); 

6) Eye close (ML): Δ= -4.07mm/s (Sig, 

T vs C); 

7) Eye close (VM): Δ= -7.76mm/s (Sig, 

T vs C); 

8) One leg stance: Δ= 5.15s (Sig, T vs 

C); 

Gait 

9) Time up and go test:Δ=-0.73s (NS, T 

vs C); 

10) 10mins walk: Δ=-0.46s (NS, T vs 

C). 

 

 

  

1) AP: anterior-

posterior sway 

velocity; 

2) ML: medial-

lateral sway 

velocity; 

3)VM: sway 

velocity-moment. 
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21 Ozmen,  

2007 

(Turkey) 

RCT, with 

two arms. 

To  investigate the 

effects of a school-

based 

cardiovascularfitne

ss-training program 

in children with 

mental retardation 

N=30(T=16,C=14); 

Age:11.2yrs (2); 

Gender: not market; 

Level: moderate to mild; 

Body weight: no selection 

cirteria on body weight. 

PA 

Duration: 12-

week(≤3months); 

Follow-up: Nil. 

Aerobic fitness training 

program (60mins, 3 

sessions/week): 

1) Intensity:60%-80%HRR; 

2) Contents: warm up 

(10mins), intervention 

training (20mins, such as 

walking adn running), 

recreational activities 

(25mins, such as volleyball, 

soccer, rope jumping, 

dodgeball), cool down 

(5mins); 

3) For interval training, the 

repitition of sets 

progressively increased by 

weeks. 

Antropometry 

1) Fat mass%:Δ=-0.1% (NS, T vs C); 

Physical fitness 

Cardiopulmonary fitness 

2) 20m shuttle run:Δ=3.3laps (Sig, T vs 

C). 

Need further read 

about training 

program and 

intensity in this 

study. 

22 Stanišić, 

2012 

(Serbis)  

Quasi-

experimental 

study, one 

group pretest 

posttest 

design. (Pilot 

study) 

To  evaluate the 

effects of eight 

weeks of a 

specially adapted 

basketball training 

program on 

physical fitness in 

adolescents with 

mental 

retardation. 

T=12 

Age:15.1yrs (1.5); 

Gender: M=6, F=6; 

Level: mild; 

Body weight: no selection 

cirteria on body weight. 

PA 

Duration:8-

week(≤3months); 

Follow-up: Nil. 

Adapted basketball training 

program (30mins, 

4sessions/week):  

1) Contents:warm up (５

mins), intervention training 

(20mins, such as ball 

handing, reception and 

passing), , cool down 

(5mins); 

2) Prograssively training 

duration: 1-4weeks (25-

30mins), 5-8weeks (30-

35mins). 

Antropometry 

1) Weight:Δ=-0.5 (NS, pre vs post); 

2) Fat mass%:Δ=-0.7% (NS, pre vs 

post); 

Physical fitness 

Cardiopulmonary fitness 

3) 6MWD: (Sig, pre vs post); 

4) HR rest:Δ=-2.1beats/min (NS, pre vs 

post); 

5) HRexercise:Δ=-5.3beats/min (Sig, 

pre vs post). 

Need to check the 

PA guidelines 

involved in this 

study. 
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23 Shields, 

2013 

(Australia) 

RCT with 

two arms. 

To determine the 

effects 

of a student-led 

community-based 

progressive 

resistance 

training program 

for adolescents 

with Down 

syndrome.  

N=68(T=34,C=34) 

Age: 17.9yrs（2.6）； 

Gender: M=38,F=30； 

Level: 

mild=34,moderate=34； 

Others: Down syndrome 

Body weight:no selection 

cirteria on body weight. 

PA 

Duration:10-

week(≤3months) 

Follow-up: 13-

week 

Student-let progressive 

resistance training program 

(twice a week):  

1)MVPA 

1)7 exercises using weight 

machines (3 for upper 

limbs, 3 for lower limbs, 1 

trunk exercise). 3 sets of 12 

repetitions of each exercise, 

or until fatigue. 2 min rest 

between each repetition. 

Physical fitness: 

Musclualr strength 

1) Upper limbs (1RM UL): Δ=7.7kg, 

95%CI 0.3to1.3(Sig, T vs C);  

   follow: Δ=6.8kg, 95%CI 

0.0to1.0(NS, T vs C); 

2) Lower limbs (1RM LL): Δ=36.1kg, 

95%CI 0.2to1.2(Sig, T vs C); 

   follow: Δ=41.3kg, 95%CI 

0.1to1.1(Sig, T vs C); 

PA level 

3) PA amount: Δ=-10mins, 95%CI -

0.4to0.8(NS, T vs C); 

   follow:Δ=1mins, 95%CI 

0.1to1.4(Sig, T vs C); 

Others 

Work performance 

4) Box stacking text: Δ=2.1number, 

95%CI 0.0to1.0(NS, T vs C); 

   follow up: Δ=2.6number, 95%CI -

0.1to0.9(NS, T vs C); 

5) Weighted pail carry: Δ=-0.1m, 

95%CI -0.1to1.0(NS, T vs C); 

   follow up: Δ=0.6 number, 95%CI 

0.0to0.9(NS, T vs C). 

A same study 

which was been 

recorded in the first 

round, NO.9. 



 158 

28 Lee, 

2017(Hong 

Kong) 

Cluster-RCT, 

with two 

arms. 

To test the 

feasibility 

and acceptability of 

a school-based 

weight program 

involving parents 

via mHealth tools 

designed to reduce 

weight, enhance 

knowledge and 

adopt healthy 

lifestyles, and 

thereby achieve 

better psychosocial 

well-being among 

children and 

adolescents with 

MIDs 

N=115(T=63,C=52) 

Age:8-16yrs, 

Gender: M=82,F=33; 

Level: mild; 

Body weight: overweight and 

obesity. 

mHealth 

promotion. 

Duration: 24-

week(＞

3months);, 

Follow-up: Nil 

SBWMP*(60mins, 24 

sessions): 

1)1-8sessions:parent skill 

training; 

2)9-16session:facilitated 

students’ health behavior 

change via face-to-face 

contact; 

3) Other 8 sessions: group 

support via Facebook, apps, 

email and phone calls for 

both students and parents.  

Anthropometry 

1) Weight: Δ=-0.56kg, 95%CI, -1.42～

0.30, p=0.11(NS, T vs C); 

2) BMI: Δ=-0.14kg/m2, 95%CI, -

0.50～0.22, p=0.33(NS, T vs C); 

3) Skinfold thickness of triceps: Δ=-

0.92mm, 95%CI, -0.92～-2.46, 

p=0.15(NS, T vs C); 

4)Subscapular skinfold thickness: Δ=-

1.45mm, 95%CI, -3.81～0.91, 

p=0.13(NS, T vs C); 

5) Waist-to-hip ratio: Δ=-0.02, 95%CI,-

0.02～0.03, p=0.83(NS, T vs C); 

6) Body fat%: Δ=0.21%, 95%CI, -

1.46～1.88, p=0.76(NS, T vs C). 

Others 

Lifestyle health knowledge 

7)Score on Food Pyramid Test: Δ=-

0.47score, 95%CI, -2.21～1.17, 

p=0.48(NS, T vs C); 

8)Score on Sports Pyramid Test: 

Δ=1.37score, 95%CI, 0.54～2.20, p< 

0.001(Sig, T vs C); 

9) Score on Snack Choice Test: 

Δ=8.97score, 95%CI,-1.83～19.77, 

1) SBWMP: 

school-based 

weight 

management 

program; 

2) Participants 

(students) in 

control group 

received usual 

activities, included 

45mins PE lessons, 

twice/week, posters 

to promote healthy 

living, and 

scheduled health 

talks on healthy 

eating; 

3) p < 0.05 

significantly 

different. 
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p=0.04(Sig, T vs C). 

Self-efficacy 

10)Nutrition self-efficacy scale: 

Δ=0.56score, 95%CI,-2.28～3.32, 

p=0.65(NS, T vs C); 

11) Self-efficacy in peer interaction 

scale: Δ=3.29score, 95%CI,-1.80～

8.37, p=0.11(NS, T vs C). 

Psychosocial impacts 

12)Quality of life: Δ=7.95score, 

95%CI,6.19～9.72, p< 0.001(Sig, T vs 

C); 

13)Self-esteem: Δ=2.13score, 

95%CI,0.83～3.42, p< 0.001(Sig, T vs 

C); 

14)Self-figure rating scale: Δ=-

1.30score, 95%CI,-2.09～-0.52, p< 

0.001(Sig, T vs C); 

15)Perceived body image 

questionnaire: Δ=-0.21score, 95%CI,-

0.4～0.02, p=0.008(Sig, T vs C); 

16) Perceived body shape: Δ=-

0.10score, 95%CI,-0.31～0.11, 

p=0.23(NS, T vs C). 

Social relationship 

17)With father: Δ=0.23score, 95%CI,-

0.15～0.62, p=0.14(NS, T vs C); 

18)With mother: Δ=0.21score, 95%CI,-

0.21～0.62, p=0.22(NS, T vs C); 

19)With teachers: Δ=0.11score, 
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95%CI,-0.29～0.51, p=0.51(NS, T vs 

C). 

Preference of cooking methods(students 

and parents) 

20)Parents: OR=1.05, 95%CI,0.31～

3.60, p=0.92(NS, T vs C); 

21)Students: OR=0.81, 95%CI,0.49～

1.34, p=0.29(NS, T vs C). 

29 Ptomey, 

2015(USA) 

RCT with 

two arms 

To compare the 

effectiveness of 

two weight loss 

diets, an enhanced 

Stop Light 

Diet(eSLD) and a 

conventional diet 

(CD), and to 

determine the 

feasibility of using 

tablet computer as 

a weight loss tool 

in overweight and 

obese adolescents 

with IDD. 

T=20 (T1=10, T2=10) 

Age:14.9yrs (2.2) 

Gender: M=11,F=9 

Level: mild to moderate 

Body weight: overweight or 

obese 

Diet & healthy 

Education & 

parental 

engagement to 

participants and 

parents.  

Duration: 8-week 

(≤3months); 

Follow-up: Nil 

Weight loss program: 

1)eSLD*: enhanced with 

the addition of fruits and 

vegetables (5 servings/day) 

and high-volume, low-

energy PCMs* consisting of 

two entrées and two 

shakes per day; 

2)CD*: consume a 

nutritionally balanced, high-

volume, lower fat diet; 

3) Home education: video 

chat,30min, once a week 

through Tablet Computer, 

track diet intake, PA, and 

give encouragement; 

4) Moderate PA. 

Anthropometry 

1) Weight: ΔsSLD=-3.9kg, 

p=0.001(Sig,Tpre vs Tpost); ΔCD=-

2.2kg, p=0.001(Sig,Tpre vs Tpost);  

2) BMI: Δ=-1.6kg/m2, 

p=0.036(Sig,Tpre vs Tpost); 

Others 

Daily energy and macronutrient intake 

3)Energy: Δ=-

844.9kcal,p=0.905(NS,T1 vs T2); 

3)Carbohydrate: Δ=-

60.3g,p=0.497(NS,T1 vs T2); 

5)Protein: Δ=-32.8g,p=0.197(NS,T1 vs 

T2); 

6)Fat: Δ=-51.9g,p=0.661(NS,T1 vs T2). 

1)*eSLD,enhanced 

Stop Light Diet; 

CD: conventional 

reduced-energy 

diet; 

PCMs: portion 

controlled meals.   

2) p < 0.05 

significantly 

different. 
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24 Hinckson, 

2013(New 

Zealand) 

Quasi-

experimental 

study, one 

group post1 

and follow 

up test 

design (no 

pre-test). 

To determine the 

effectiveness of a 

program on PA, 

dietary habits and 

overall health in 

children and youth 

with intellectual 

disability and 

autism. 

T=17; 

Age:14yrs(4); 

Gender: M=10,F=7; 

Level: not marked; 

Body weight: overweight=8, 

obesity=9. 

PA & diet & 

parental 

engagement. 

Duration: 10-

week(≤3months); 

Follow-up: 24-

week. 

18 sessions of PA, healthy 

eating and motivational 

skills to participants and 

parents(2hrs, two 

sessions/week): 

1) 1hr PA session(18 

sessions): a. Specific songs 

for warm up, fun time and 

cool down; 

b. Fit kit (given on second 

session: activity diary 

weekly planner with Velcro 

pictures 

of activities for students to 

choose their activity for the 

day, diary record sheet and 

exercise intensity guide); c. 

Pictures of body parts for 

exercise games; d. Walking 

games; 

e. Six-minute walk-test; 

f. Family exercise; g. Pool 

sessions; 

2) 1 hr nutrition 

(10sessions): Children were 

taught: 

a. Eat breakfast daily; 

b. Drink 6–8 cups of water 

per day; c. Choose MEND 

friendly foods vs. MEND-

Anthropometry 

1) BMI: Δ=3kg/m2,(NS); 

2)Waist circumference: Δ=8cm, (NS). 

Physical fitness 

Cardiopulmonary fitness 

1)6MWD:Δ=51m, (NS). 

Others 

Exercise performance and nutrition 

4)Physical education: Δ=0.7hr, (NS); 

5)Walking: Δ=1.1 hr wk-1, (NS); 

6)Swimming(active play): Δ=-0.8 hr 

wk-1, (NS); 

7)Screening time: Δ=6 hr wk-1, (NS). 

8) Parents commented that there were 

less hospital visits and absences from 

school related to illness. Improved 

abilities to partake in family and 

community activities. 

1)PA and nutrition 

related outcomes 

were measured by 

means of proxy 

reporting and 

interviews with 

parents. 
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unfriendly foods; 

3) Mind sessions 

(8sessions): Teaching 

parents/children skills such 

as 

a. Portion sizes; 

b. Food labeling; 

c. Food groups; 

d. Eating out; 

e. Supermarket tour; 

f. Food festival; 

g. Modeling; 

h. Triggers; 

i. Sleep routines; 

j. Goal setting and rewards. 
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25 Haney, 

 2014 

(USA) 

Quasi-

experimental 

study, one 

group pretest 

posttest 

study. 

To examine a 

parked-based 

afterschool 

program on fatness 

outcomes, fitness 

outcomes, and 

health knowledge 

among children 

with disabilities.  

T=27 

Age: 13.7yrs (4.7); 

Gender: M=18, F=9; 

Level: not marked; 

Body weight: overweight=7, 

obese=20; 

Others: attention deficit 

hyperactivitydisorder, ASD, 

cerebral palsy, Down 

syndrome, physical, 

learninig, cognitive, lead 

poisoning at birth, PVR natal 

stoke, speech issues, asthrma. 

PA & health 

education 

Duration: 10 

months (＞

3months)  

Follow-up: Nil.  

Park-based afterschool 

program 

1) PA (1h, daily): different 

physical activities, but did 

not report contents, 

progress, and intensity. 

2) Health education: 1 

session/week, no 

information about contents 

was reported.  

Antropometry 

1) BMI z score:  Δ= -0.18 (NS); 

2) Hip circumference: Δ= -0.55cm 

(NS); 

3) Waist circumference: Δ= -0.55cm 

(NS); 

3) Mid-armt circumference: Δ= -

0.37cm (NS); 

4) Waist-to-hip ratio: Δ= -0.53 (NS); 

5) Waist-to-height ratio: Δ= -0.71 (NS); 

Physical fitness 

Cardiopulmonary fitness 

6) HR(rest): Δ= -3.01cm (NS); 

7) 20m shuttle run: Δ=1.22 laps (NS); 

8) 400m run: Δ= -11.47s (NS); 

Muscular endurance 

9) Push-up: Δ= 5.12 number (Sig); 

10) Sit-up: Δ= 2.33 number (Sig); 

Flexibility 

11) Sit and reach: Δ=0.32 cm (NS); 

Others 

12)Nutrition knowledge : Δ= 1.39 

number (Sig). 
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26 Kong, 

2019 

(China) 

RCT with 

three arms. 

To evaluate the 

effect of Tai Chi on 

anthropometric 

parameters and 

physical fitness 

among children and 

adolescents with 

intellectual 

disabilities. 

N=53(T1=17,T2=17,C=34) 

Age: 10-18 yrs； 

Gender: not marked; 

Level: 

mild=29,moderate=16,severe

=7,profound=1； 

Body weight:no selection 

cirteria on body weight. 

PA 

Duration:12-

week(≤3months) 

Follow-up: Nil. 

T1: Tai Chi 

(60minutes,2sessions/week)

; 

T2: aerobic dance 

(60minutes,2sessions/week)

. 

Anthropometry 

1)BMI: Δ=0.2kg/m2, (NS, T1: pre vs 

post); Δ=0.5kg, (Sig, T2: pre vs post); 

2)Waist: Δ=-0.8mm, (NS, T1: pre vs 

post); Δ=-0.5mm, (NS, T2: pre vs post); 

3)Hip: Δ=-0.1mm, (NS, T1: pre vs 

post); Δ=0.3mm, (NS, T2: pre vs post); 

4)Waist to hip ratio: Δ=0, (NS, T1: pre 

vs post); Δ=0.01,(NS, T2: pre vs post); 

5)Skinfold: Δ=-2mm, (NS, T1: pre vs 

post); Δ=-0.6mm, (NS, T2: pre vs post); 

Physical fitness 

Cardiopulmonary fitness 

6)6MWD:Δ=45m, (NS, T1: pre vs 

post); Δ=141m, (Sig, T2: pre vs post); 

Muscular strength 

7) Upper limbs (hand grip) :Δ=0.2kg, 

(NS, T1: pre vs post); Δ=0.1kg, (NS, 

T2: pre vs post); 

8) Lower limbs (vertical jump): 

Δ=0.5m, (NS, T1: pre vs post); 

Δ=0.3m, (NS, T2: pre vs post); 

Muscular endurance 

9) Push-up: Δ= 0.2number (NS, T1: pre 

vs post);Δ=0, (NS, T2: pre vs post); 

10) Sit-up: Δ= 0.1number (NS, T1: pre 

vs post);Δ=0.4, (Sig, T2: pre vs post); 

Flexibility 

11) Sit and reach: Δ=0.1cm (NS, T1: 

pre vs post);Δ=0.1cm, (NS, T2: pre vs 

1) T1: Tai Chi 

group; T2: aerobic 

exercise group; C: 

control group; 
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post); 

Others 

12)Balance: Δ=0.2s (Sig, T1 vs 

C);Δ=0s, (NS, T2: pre vs post); 

13)Upper body coordination:Δ=-1.8s, 

(Sig, T1: pre vs post); Δ=-1.3, (NS, T2: 

pre vs post); 

14)Lower body coordination:Δ=-2.4s, 

(Sig, T1: pre vs post); Δ=-0.2, (NS, T2: 

pre vs post). 
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27 Messiah, 

2019 

(USA)  

Quasi-

experimental 

study, one 

group pretest 

posttest 

study. 

To evaluate the 

effects of Fit2Play, 

a park-based 

afterschool prgram 

on 

cardiovascular/fitne

ss health outcomes 

among youth with 

intellectual 

disability. 

T=297; 

Age: 14.1 yrs； 

Gender: M=214, F=83; 

Level: not marked； 

Body weight:no selection 

cirteria on body weight; 

Others: attention deficit 

hyperactivitydisorder, ASD, 

Down syndrome,  learninig, 

cognitive,  speech issues, 

hearing impaired. 

PA & health 

education 

Duration: 96-

week (24 months) 

Follow-up: Nil. 

Fit2Play program 

1) PA (60 minutes, 5 

sessions/week), activities 

from Sports, Play and 

Active Rcreation for Kids; 

2) Health education (20-30 

minutes, 1-2 

sessions/week). 

Anthropometry 

1)BMI%: Δ=0.97, (Sig,  pre vs post); 

2)Skinfold: Δ=-5.61mm, (Sig,  pre vs 

post); 

Physical fitness 

Cardiopulmonary fitness 

3)Shuttle run: Δ=4.28 laps, (Sig,  pre 

vs post); 

Muscular endurance 

4) Push-up: Δ= 0.26 number (Sig,  pre 

vs post); 

5) Sit-up: Δ= 0.2number (NS, pre vs 

post); 

Flexibility 

6) Sit and reach: Δ=-2.33cm (NS,  pre 

vs post); 

Others 

7)SBP%: Δ=-7.25 (Sig,  pre vs post); 

8)DBP%: Δ=-15.94 (Sig,  pre vs post); 

9)Health adn wellness knowledge test 

scores: Δ=0.97 (Sig,  pre vs post). 

1)SBP: systolic 

blood pressure; 

2)DBP: diastolic 

blood pressure. 
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Appendix 4: Sensitivity analysis by removing studies in “weak” quality 
 

BMI 

 
Body weight 

 
Body fat percentage 

 
Waist circumference 

 
Fat mass 

 
Cardiopulmonary fitness (6-minute walk test) 
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Appendix 5: Expert evaluation form 
 

Round 1 
Dear_______, 
 

We are going to design a 12-week fun game-based MVPA training programme (twice/week, 60-min/session), aims to decrease 
body weight and improve HRPF among children with ID (12-18 years) in special schools in Hong Kong. The programme involves six 
exercise units, and each one will be delivered for two continuous weeks. In addition, the programme will be divided into three levels, 
exercise units A & B belong to Level 1, exercise units C & D belong to Level 2, and exercise units E & F belong to Level 3. Exercise 
intensity increases progressively from Level 1 (40%-50% HRR) to Level 3 (60%-70% HRR). Contents and training focuses of the six 
exercise units are attached for your information. In all six exercise units, 12 games (G1-G12) plus with 6 back-ups (BU1-BU6) were 
prepared, moreover, 18 resistance training exercises (RT1-RT18) were designed as well. Here, we would like to: 

  
 

(1) Get your evaluation about effectiveness, suitability and feasibility on both games and resistance training exercises of each 
exercise unit. Please give your score according to 5-Likert Scale: 1=very weak, 2=somewhat weak, 3=neutral, 4=good, 5=very 
good. 
Table1. Evaluation for games (Round 1) 
Items 
 

Unit A Unit B Unit C Unit D Unit E Unit F 

G1 G2 BU1 G3 G4 BU2 G5 G6 BU3 G7 G8 BU4 G9 G10 BU5 G11 G12 BU6 

Effectiveness                   

Suitability                   
Feasibility                   

 
 

Table2. Evaluation for resistance training exercises (Round 1) 
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Items 
 

Unit A Unit B Unit C Unit D Unit E Unit F 
RT1 RT2 RT3 RT4 RT5 RT6 RT7 RT8 RT9 RT10 RT11 RT12 RT13 RT14 RT15 RT16 RT17 RT18 

Effectiveness                   

Suitability                   
Feasibility                   

(2) List your opinions or suggestions regarding to any exercise you scored less than 4.  
Table3. Opinions or suggestion for games 
Unit A G1  

G2  
BU1  

Unit B G3  
G4  
BU2  

Unit C G5  
G6  
BU3  

Unit D G7  
G8  
BU4  

Unit E G9  
G10  
BU5  

Unit F G11  
G12  
BU6  

Table4. Opinions or suggestion for resistance training exercises 
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Unit A RT1  
RT2  
RT3  

Unit B RT4  
RT5  
RT6  

Unit C RT7  
RT8  
RT9  

Unit D RT10  
RT11  
RT12  

Unit E RT13  
RT14  
RT15  

Unit F RT16  
RT17  
RT18  

 
 

 
 
 

Signature: _________________ 
 
 

Round 2 
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Dear_______, 
 

Thank you so much for your comments and suggestions on training contents of the programme. Please:  
(1) See the revisions I’ve made according to your comments. 
Table1. Revisions for games 
Unit A G1  

G2  
BU1  

Unit B G3  
G4  
BU2  

Unit C G5  
G6  
BU3  

Unit D G7  
G8  
BU4  

Unit E G9  
G10  
BU5  

Unit F G11  
G12  
BU6  
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Table2. Revisions for resistance training exercises 
Unit A RT1  

RT2  
RT3  

Unit B RT4  
RT5  
RT6  

Unit C RT7  
RT8  
RT9  

Unit D RT10  
RT11  
RT12  

Unit E RT13  
RT14  
RT15  

Unit F RT16  
RT17  
RT18  
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(2) Give your score on games and resistances training exercises once again, according to 5-Likert Scale: 1=very weak, 
2=somewhat weak, 3=neutral, 4=good, 5=very good. 
Table3. Evaluation for games (Round 2) 
Items 
 

Unit A Unit B Unit C Unit D Unit E Unit F 

G1 G2 BU1 G3 G4 BU2 G5 G6 BU3 G7 G8 BU4 G9 G10 BU5 G11 G12 BU6 

Effectiveness                   
Suitability                   
Feasibility                   

 
Table4. Evaluation for resistance training exercises (Round 2) 
Items 
 

Unit A Unit B Unit C Unit D Unit E Unit F 

RT1 RT2 RT3 RT4 RT5 RT6 RT7 RT8 RT9 RT10 RT11 RT12 RT13 RT14 RT15 RT16 RT17 RT18 

Effectiveness                   
Suitability                   
Feasibility                   

 
(3) Give a total evaluation on games and resistance training exercises respectively. 

  For games: Pass   Fail  
  For resistance training exercises: Pass   Fail 

 
   Signature: __________________ 
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Appendix 6: Details of Exercise Unit A to F 
Details of Exercise Unit A 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Warm up 
(10-
minute) 

  Aerobic 
activities 
to music 

  Warm up (whole body) through a series of simple 
movements. The participants should try to follow the 
rhythm of the music. 

  Nil 
 

  Nil 

Game A1 
(15-
minute) 

  I am a 
Tigger 

 

  In groups of two participants, one member jumps 
across all of the colour discs with both feet. 

  Then, the jumper picks up a bean bag and clips it 
between his/her legs. After jumping back, he/she 
passes it to the second person. 

  The second person clips the bean bag between 
her/his legs, jumps across the colour discs with both 
feet. After putting the bean bag back, she/he jumps 
back.  

 

 

  By 
increasing/decreasing 
the jumping distance. 

  By 
increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time.  

  Pay more attention to 
knees and ankles in 
the warm up section. 

  While the participants 
are jumping and 
running, the tutors 
should follow beside 
them to prevent falls. 

  Control the jumping 
speed from slow to 
fast to reduce the 
incidence of sports 
injuries.  

(Continues) 
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Details of Exercise Unit A (Continued) 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Game A2 
(15-minute) 

  Watch me: 
dribbling and 
layup (1) 

 

• Participants are divided into several groups. 
• They dribble a soft volleyball while walking 

around the traffic cones (10 metres distance). 
• Arriving at the end point, they throw the ball 

into the basket. 
• The participant needs to start again if the ball 

rolls away. 

 

• By increasing/decreasing 
the walking distance. 

• By increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time. 

• Make sure to 
mobilise each body 
joint during the 
warm up section. 

•  

Resistance 
training 
(15-minute) 

  Handgrip 1  
(upper limbs) 

  Sit up1 
(abdomen) 

  Jumping jack 1 
(lower limbs) 

• Handgrip 1: Squeeze the handgrip ball for 10 
seconds for each hand; 3 sets. 

• Sit up 1: 10 repetitions/set, 3 sets, with 1-
minute break between every 2 sets. 

• Jumping jack 1: 30 seconds/set, 3 sets, with 
1-minute break between every 2 sets. 

• By increasing/decreasing 
repetition 
numbers/duration of each 
set. 

• By increasing/decreasing 
the duration of interval 
break.   

• Tutors should 
follow beside the 
participants and 
protect them from 
injuries. 

Cool down 
(5-minute) 

  Stretching  • Stretching of upper limbs, abdomen and 
lower limbs. 

• Nil • Nil 
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Details of Exercise Unit B 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety 
assurance 

Warm up 
(10-minute) 

  Aerobic 
activities 
to music 

• Warm up (whole body) through a series of simple 
movements. The participants should try to follow the rhythm 
of the music. 

• Nil 
 

• Nil 

Game B1 
(15-minute) 

  Jump, 
jump, 
throw  

• Six to eight participants in a group. Following the tutor’s 
instructions (e.g. single-leg jump, two-leg jump or jumping 
jack), the participants jump across five hula hoops, run to the 
throw line, pick up a bean bag and throw it into a hula hoop 
(5 metres distance). Then, they jump across the five hula 
hoops back to the start point. Then, the next team member 
repeats the tasks.   

• The fastest group get three points, the second fastest group 
gets two points and so on. The total scores of each group are 
summed plus the number of bean bags that were thrown into 
the hula hoop. 

• Three rounds will be recommended.  

 

 

 
 

 

• By 
increasing/decreasing 
the jumping, running 
and throwing 
distance. 

• By 
increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time.  

• Pay more 
attention to 
knees and 
ankles in the 
warm up 
section. 

• When the 
participants 
are jumping 
and running, 
the tutors 
should 
follow 
beside them 
to prevent 
falls. 

•  

(Continues) 
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Details of Exercise Unit B (Continued) 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Game B2 
(15-minute) 

  Tomb 
robbing 

• Divide participants into three or four groups. 
• Put all of the bean bags in a hula hoop. 
• The participants need to take the bean bags 

from the middle hula hoop and put them into 
their own hula hoop, within one minute. The 
game is run in the form of a relay race. Each 
participant can take only one bean bag at a time. 

• The winner is the group that gets the most bean 
bags. 

  

• By increasing/decreasing 
the running distance. 
 

• Make sure to 
mobilise each 
body joint in the 
warm up section. 

• When the 
participants are 
running, the tutors 
should follow 
beside them to 
prevent falls. 

Resistance 
training 
(15-minute) 

  Push up 1 
(upper limbs) 

  Squat 1 
(lower limps) 

  Burpees 1 
(whole body) 
 

• Push up 1: 10-repetitions/set, 3 sets, with 1-
minute break between every 2 sets. 

• Squat 1: 10 repetitions/set, 3 sets, with 1-minute 
break between every 2 sets. 

• Burpees 1: 30 seconds/set, 3 sets, with 1-minute 
break between every 2 sets. 

• By increasing/decreasing 
repetition 
numbers/duration of each 
set. 

• By increasing/decreasing 
the duration of interval 
breaks.   

• Tutors should 
follow beside the 
participants and 
protect them from 
sports injuries. 

Cool down 
(5-minute) 

  Stretching  • Stretching of upper limbs, abdomen and lower 
limbs. 

• Nil • Nil 
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Details of Exercise Unit C 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Warm up 
(10-minute) 

  Aerobic 
activities to 
music 

• Warm up (whole body) through a series of simple 
movements. The participants should try to follow the 
rhythm of the music. 

• Nil 
 

• Nil 

Game C1 
(15-minute) 

  Cross the 
river 
together 

• Divide participants into several groups, with two 
members in each group. 

• Each group will have two hula hoops. The first 
group member stands in one hula hoop, then puts 
another hoop in front of himself/herself, and jumps 
in it. She/he keeps moving forward by jumping into 
the hula hoops.   

• After crossing the river, she/he hands the two hula 
hoops to the other group member. 

  

• By increasing/decreasing 
the moving distance. 

• By increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time.  

• Make sure to 
mobilise each 
body joint in the 
warm up section.  

• When the 
participants are 
jumping, the 
tutors should 
follow beside 
them to prevent 
falls. 
 

(Continues) 
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Details of Exercise Unit C (Continued) 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Game C2 
(15-minute) 

  Obstacle 
competition 
(1) 
 

• The participant needs to cross an obstacle (e.g. foam 
brick) in front of them foot by foot.  

• Pick up a bean bag from the ground. 
• Throw the selected bean bag into the cylinder beside 

him/her (two metres distance). 
• Finally, run to the finish line as fast as possible. 

 

• By 
increasing/decreasing 
number of obstacles. 

• By 
increasing/decreasing 
running distance. 

• By 
increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time. 

 

• Make sure to 
mobilise each 
body joint in 
the warm up 
section.  

• When the 
participants are 
jumping and 
running, the 
tutors should 
follow beside 
them to 
prevent falls. 

Resistance 
training 
(15-minute) 

  Handgrip 2  
(upper limbs) 

  Sit up 2 
 (abdomen) 

  Jumping jack 
2 
(lower limbs) 

• Handgrip 2: Squeeze the handgrip ball, 15 seconds for 
each hand, 3 sets. 

• Sit up 2.: 15-repetitions/set, 3 sets, with 1-minute break 
between every 2 sets. 

• Jumping jack 2: 45 seconds/set, 3 sets, with 1-minute 
break between every 2 sets. 

• By 
increasing/decreasing 
repetition 
numbers/duration of 
each set. 

• By 
increasing/decreasing 
the duration of 
interval break.    

• Tutors should 
follow beside 
the participants 
and protect 
them from 
sports injuries. 

Cool down 
(5-minute) 

  Stretching  • Stretching of upper limbs, abdomen and lower limbs. • Nil • Nil 
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Details of Exercise Unit D 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Warm up 
(10-minute) 

 
 

  Aerobic 
activities to 
music 

• Warm up (whole body) through a series of simple 
movements. The participants should try to follow the 
rhythm of the music. 

• Nil 
 

• Nil 

Game D1 
(15-minute) 

  Watch me: 
dribbling 
and layup 
(2) 

• Divide participants into several groups. 
• Dribble the soft volleyball and run around the traffic 

cones (10 metres distance). 
• After arriving at the end point, throw the ball into the 

basket. 
• The participant needs to start again if the ball rolls away. 

 
 
 
 
 
 
 

 

• By 
increasing/decreasing 
the running distance. 

• By 
increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time. 

• Make sure to 
mobilise each 
body joint in 
the warm up 
section. 

• When the 
participants are 
running, the 
tutors should 
follow beside 
them to prevent 
falls. 

 

(Continues) 
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Details of Exercise Unit D (Continued) 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Game D2 
(15-minute) 

  Rapid team
（1） 

• Divide participants into several groups, with two or 
three members in each group. Six traffic cones will be 
arranged for each group. 

• Group members need to run to pick up one traffic cone, 
then run back to the start point (shuttle run, 20 meters). 

• Each member can only pick up one traffic cone at a 
time. 

• The winner is the fastest group. 

 

By increasing/decreasing 
the running distance. 
By increasing/decreasing 
number of traffic cones. 
By increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time. 

 

Make sure to mobilise 
each body joint in the 
warm up section. 
When the participants 
are running, the tutors 
should follow beside 
them to prevent falls. 

 

Resistance 
training 
(15-minute) 

  Push up 2 
(upper limbs) 

  Squat 2 
(lower limps) 

  Burpees 2 
(whole body) 
 

• Push up 2: 15-repetition/set, 3 sets, with 1-minute break 
between every 2 sets. 

• Squat2: 15-repetition/set, 3 sets, with 1-minute break 
between every 2 sets. 

• Burpeers2: 45 seconds/set, 3 sets, with 1-minute break 
between every 2 sets. 

By increasing/decreasing 
repetition 
numbers/duration of each 
set. 
By increasing/decreasing 
the duration of interval 
break.   

Tutors should follow 
beside participants 
and protect them from 
sport injuries. 

Cool down 
(5-minute) 

  Stretching  • Stretching of upper limbs, abdomen and lower limbs. Nil Nil 
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Details of Exercise Unit E 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Warm up (10-
minute) 

  Aerobic 
activities to 
music 

• Warm up (whole body) through a series of simple 
movements. The participants should try to follow 
the rhythm of the music. 

 

• Nil 
 

• Nil 

GameE1 
(15-minute) 

  Step 
jumping 

• The participants jump (both feet) between two 
traffic cones. 

• When completing a jump, the participant needs to 
touch the side of the traffic cone. 

• Repeat jumping and touching for 30 seconds. 

 

• By increasing/decreasing 
the distance between the 
two traffic cones. 

• By increasing/decreasing 
the round duration.  

• By controlling jumping 
speed (e.g. completed a 
jump within 2 seconds). 
 

• Pay more 
attention to knees 
and ankles in the 
warm up section. 

• When the 
participants are 

• jumping, the 
tutors should 
follow beside 
them to prevent 
falls. 

(Continues) 
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Details of Exercise Unit E (Continued) 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Game E2 
(15-minute) 

  Rapid team
（2） 

• Divide participants into several groups, with two or three 
members in each group. Six traffic comes will be arranged 
for each group. 

• Each group member needs to run to pick up one traffic 
cone, then finish five squats while lifting the traffic cone 
with arms stretching forward. Finally, she/he runs back 
with the traffic cone to the start point (shuttle run, 20 
meters). 

• Each member can only pick up one traffic cone at a time. 
• The winner will be the fastest group. 

 

By increasing/decreasing 
the running distance. 
By increasing/decreasing 
the number of traffic 
cones. 
By increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time. 
 

Make sure to 
mobilise each body 
joint in the warm up 
section. 
When the 
participants are 
running, the tutors 
should follow 
beside them to 
prevent falls. 
 

Resistance 
training 
(15-minute) 

  Handgrip 3  
(upper limbs) 

  Sit up 3 
(abdomen) 

  Jumping jack 
3 
(lower limbs) 

• Handgrip 3: Squeeze handgrip ball, 15 seconds for each 
hand, 4 sets. 

• Sit up 3: 15-repetitions/set, 3 sets, with 30-second break 
between every 2 sets. 

• Jumping jack 3: 45 seconds/set, 3 sets, with 30-second 
break between every 2 sets. 

By increasing/decreasing 
repetition 
numbers/duration of each 
set. 
By increasing/decreasing 
the duration of the interval 
break.    

The tutors should 
follow beside the 
participants and 
protect them from 
sports injuries. 

Cool down 
(5-minute) 

  Stretching  • Stretching of upper limbs, abdomen and lower limbs. Nil Nil 

 



 184 

Details of Exercise Unit F 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Warm up 
(10-minute) 

  Aerobic 
activities to 
music 

• Warm up (whole body) through a series of 
simple movements. The participants should 
try to follow the rhythm of the music. 

• Nil 
 

• Nil 

Game F1 
(15-minute) 

  Obstacle 
competition (2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Each participant needs to jump across the 
obstacle (e.g. foam brick) in front of them 
with both feet.  

• Then pick up a bean bag from the ground. 
• Throw the selected bean bag into the 

cylinder beside him/her (two metres 
distance). 

• Finally, run to the finish line as fast as 
possible. 

 

• By 
increasing/decreasing 
the number of obstacles. 

• By 
increasing/decreasing 
the running distance. 

• By 
increasing/decreasing 
group numbers, to 
decrease/increase the 
waiting time. 

 

• Make sure to mobilise 
each body joint in the 
warm up section.  

• While the participants 
are jumping and 
running, the tutors 
should follow beside 
them to prevent falls. 

(Continues) 
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Details of Exercise Unit F (continued) 
Items 
(duration) 

Contents Rules and descriptions Intensity control Safety assurance 

Game F2 

(15-minute) 

  Funny shuttle 

run 

• Three sets of the same items (e.g. colourful bean 

bags, foam bricks) will be arranged by the tutor 

and put in front of the participants (15 metres 

distance).  

• The tutor picks up several items and lines them 

in order in the middle of the playground (as an 

example). 

• The participants need to run and pick up items 

that match items in their own sets, then run back 

and line them up in order. They can only pick up 

one item at a time. 

• Two or three participants play at the same time.  

• The winner will be the fastest participant.  

 

• By increasing/decreasing the 

running distance. 

• By increasing/decreasing the 

number of items. 

 

• Make sure to mobilise 

each body joint in the 

warm up section. 

• While the participants 

are running, the tutors 

should follow beside 

them to prevent falls. 

 

Resistance 

training 

(15-minute) 

  Push up 3 

(upper limbs) 

  Squat 3 

(lower limps) 

  Burpees 3 

(whole body) 

• Push up 3: 15-repetitions/set, 3 sets, with a 30-

second break between every 2 sets. 

• Squat 3: 20-repetition/set, 3 sets, with a 30-

second break between every 2 sets. 

• Burpees 3: 45 seconds/set, 3 sets, with a 45-

second break between every 2 sets. 

• By increasing/decreasing the 

repetition numbers/duration 

of each set. 

• By increasing/decreasing the 

duration of the interval 

breaks.   

• Tutors should follow 

beside participants and 

protect them from sports 

injuries. 

Cool down 

(5-minute) 

  Stretching  • Stretching of upper limbs, abdomen and lower 

limbs. 

• Nil • Nil 
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Appendix 7: Details of Six Back-up Games 

No Title Rules and descriptions Pictures 
Back-up 1   Cross the 

tunnel 
• Divide participants into several groups, with four to eight members in 

each group. Have them stand in a line, with their legs apart 
• The last member needs to roll a basketball between the other 

participants’ legs, until it reaches the first member. 
• Then, the first member needs to run to the end of the line, and again roll 

the basketball forward. 
• The winner will be the fastest group.  

Back-up 2   Caterpillar • The participants will be instructed to start in a push-up position. 
• Then, without moving their upper limbs, they move their feet forward 

slowly, keeping the knees straight. 
• They stop when they cannot move their feet forward anymore. Then, 

they move their upper limbs forward slowly to a push-up position.  
• The moving distance will be 10 metres.  

Back-up 3   Flip colour 
disc 

• Divide participants into two groups, Group A and Group B. Each 
participant will be given a basketball. The tutor will put some colour 
discs onto the play area.  

• All of the participants in both groups needs to dribble their basketballs. 
At the same time, Group A members need to flip the colour discs so the 
back side is up, while Group B members try to keep the front side of the 
colour disc up.   

• After 5 minutes, count the number of discs facing each direction. 
• Each round will be limited to no more than 10 participants. 

 

(Continues) 
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(Continued) 
No Title Rules and descriptions Picture 

Back-up 4   Reaction by 
colour disc 

• The tutor puts four colour discs in four different directions. 
• The participants will be instructed to stand in the middle of the 

colour discs. 
• When the tutor raises a red colour disc, the participant needs to run 

immediately in the right direction and touch the red colour disc, 
then run back to the middle position.  

Back-up 5   Run and 
kick 
 

• Divide participants into several groups. 
• Line them up in a starting line. 
• Each participant needs to run and kick the bean bag, crossing a 

traffic cone. Then he/she can pass the bean bag to his/her group 
member, when he/she arrived at the pass line. 

• The winner will be the fastest group. 
  

Back-up 6   Dodge ball • Three participants inside the cycle while seven outside. 
• The outside participants can move balls into the inside participants. 

Three balls in total. 
• The inside participants need to avoid to be hit by the ball. 
• If be hit, the inside participant should exchange roles with the 

outside participant. 
• The balls must be close to the ground.   
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Appendix 8: Invitation letter and consent form  
 

(English Version) 
 

Hong Kong Baptist University 

[School-based physical activity intervention for obesity and health-related 
physical fitness among adolescents with intellectual disability in Hong Kong]  

 
You are invited to participate in a research study. The main purpose of this study 

is to implement and evaluate a fun game-based physical activity programme to 

reduce overweight/obesity and improve health-related physical fitness (HRPF) 

levels among adolescents with intellectual disability (aged 12-18 years old). 

Information 

The study consists of a 3-month intervention and a 3-month follow-up (Figure1). 

Totally Forty-eight overweight/obese adolescents with mild intellectual disability 

(ID) will be recruited from special schools in Hong Kong and then randomly 

assigned into two groups (n=24 for each group). Selection criteria for participants 

are: (1) children with mild ID; (2) aged 12–18 years old; (3) being overweight or 

obese; (4) without physical disability and other relevant health conditions. 

Participants in both the two groups will receive a fun game-based physical activity 

(PA) program (60 min/time, 2 sessions/week, 24 sessions totally) at school in 

different time periods.  

All participants in the two groups (N=48) will undertake repeated 

measurements on a set of study outcomes three times in February (T1), June (T2), 

and September (T3). All measurements are non-invasive and no potential 

consequences are expected. In addition, questionnaires will be used to collect each 

participant’s information of socio-demographic characteristics, physical activity 

level and eating habits (about 15 minutes).      
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Benefits 

Childhood obesity and lower HRPF levels are major threats to public health. 

Children with ID are more vulnerable to obesity and lower HRPF levels than 

general pediatric population. The transition from adolescence to young adulthood 

is recognized as a particularly high-risk period for weight gain. Interventions to 

reduce obesity and improve HRPF levels among adolescents with ID are scarce. 

We expected that findings from the study would make up the knowledge gap and 

help eliminate existing health inequities among children with ID. It would serve as 

an example for use of other researchers, policy-makers, and the public to tackle off 

obesity among adolescents with ID in a global scale. If effective, our program 

would be welcomed and adopted by other special schools to reduce obesity and 

improve HRPF levels among their students in the future. In addition, the effective 

model can also be extended to reach students with ID in normal schools. We will 

disseminate our findings by presenting on international conferences, publishing 

journal articles, and building up online platforms for learning and sharing to achieve 

as large benefits as possible. In the long run, we will equip our undergraduates with 

the effective fun game-based PA program and enable them to continue reducing 

obesity and improving HRPF levels at their receiving schools for internship and 

working schools after graduation. 

Reasonably foreseeable risks or discomforts  

The intervention to the participants in the intervention group is overall safe. 

However, previous studies reported some rare consequences emerged during 

interventions, such as sports injury, underweight, and binge eating. We will monitor 

any consequences closely and prevent them via diverse means (e.g., to inform 

parents and their children of the possible adverse consequences in advance and 

provide feasible and practical preventive strategies to them). In addition, parents of 

the participants can report on any possible consequence during the counseling 

sessions (once per month) or reach our research team via the hotline. Prompt actions 
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(e.g., proper remedy, suspension of the intervention implementation) will then be 

exerted if any. There are no any foreseeable risks or discomforts for the participants 

in the control group. 

Emergency medical treatment  

In the unlikely event of physical injury resulting from your participation in this 

study, emergency medical treatment will be provided at no cost to you. Be certain 

that you immediately notify the researcher if you are injured. If you require 

additional medical treatment you will be responsible for the cost. No other 

compensation will be provided if you are injured in this research.  

Confidentiality  

We will strictly keep your data collected for the study confidential through the 

following means: (1) all paper copies will be completed data entry and stored in a 

cabinet with a lock within 3 months after data collection. Only the PI can access the 

cabinet; (2) we will build up two datasets of the digital copies: the first dataset 

consists of your name, contact information (if any), study school and a number 

assigned to you as an identifier, which will be kept in a separate USB and requires 

a password access. In addition, only the PI can access the dataset; the second dataset 

consists of the identifier and other information (excluding your name, contact 

information, and study school), which will NOT be stored in the USB with the first 

dataset. The second dataset will be used for data analysis; (3) we will destroy all of 

your data collected for this study within 5 years after completion of the study 

(including both paper data and digital data); (4) all reports/manuscripts generated 

from the study will be in aggregate terms and no individual response will be 

described and identified. Collectively, your data collected for this study will be kept 

confidentiality strictly.  

Compensation  

For participating in this study you will receive the following compensations: (1) 

Stationery (e.g., pens, erasers) will be rewarded to your child if s/he fulfills the 
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attendance rate of 80% (24 sessions); (2) Rewards (e.g., stickers) will be given to 

your child if s/he satisfactorily completes each exercise session.  

Contact  

If you have questions at any time about the study or the procedures, you may 

contact the researcher,   Ms. Wang Aiwei, at   Department of Sport, Physical 

Education and Health, Hong Kong Baptist University, the telephone number is   

15826610593  .  

Participation  

Your participation in this study is voluntary; you may decline to participate 

without penalty. If you decide to participate, you may withdraw from the study at 

any time by contacting the researcher,   Ms. Wang Aiwei , at   Department of 

Sport and Physical Education and Heath, Hong Kong Baptist University, the 

telephone number is   15826610593, without penalty and without loss of benefits 

to which you are otherwise entitled. If you withdraw from the study before data 

collection is completed your data will be returned to you or destroyed.  

Your participation is important for success of the study. Thank you for your 

cooperation. 

Consent  
I have read and understand the above information. I have received a copy of this 

form. I agree to participate in this study. 

 
Signature of the Subject ______ ___________  Date __________________ 
 
Signature of the Parent(s)/Guardian(s) ________  Date __________________ 
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Appendix 9: Screening questionnaire 
 

(English version) 
 

“School-based physical activity intervention for obesity and health-related 
physical fitness among adolescents with intellectual disability in Hong Kong” 

 
 

【Instructions】 
1. Please answer together by parent and child. 
2. The questionnaire consists of 8 pages. It may take 15 minutes to complete. 
3. Please answer according to the actual situations, and your answers will be 

absolutely confidential. 
4. For questions that need to fill in the blanks, please fill in the appropriate 

answers on “_______”. 
5. For multiple choice questions, please cycle the appropriate answers. 

 

Thank you for your patience and cooperation 

 
 
 
 

Part 1 Child’s Personal Information 
 
Name (in English):______________________        Name (in 
Chinese):______________________ 

Sex：⓪ Male   ① Female    
Date of birth:_______________(yyyy/mm/dd)   
Age:_______years 

Grade:__________________         Student No: _________________    

Place of birth:  ① Hong Kong  ② Mainland China  ③ Others:_______________ 

Your child’s intelligence quotient( IQ): 
① <35      ② 35-54       ③ 55-69       ④≥70      
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Part 2 Health History of Child  

1. Whether your child has been diagnosed by a doctor with following diseases or 
health problems?   

1.1 Down's syndrome ⓪NO ①YES 1.8Visual 

obstacle/damaged 
⓪NO ①YES 

1.2 Attention deficit/ 
hyperactivity 
disorder 
(AD/HD) 

⓪NO ①YES 1.9Hearing 
disorders/damaged ⓪NO ①YES 

1.3 Autism ⓪NO ①YES 1.10 Muscle and bone 
disease ⓪NO ①YES 

1.4 Epilepsy ⓪NO ①YES 1.11 Heart disease ⓪NO ①YES 

1.5 Depression ⓪NO ①YES 1.12 Asthma ⓪NO ①YES 

1.6 Anxiety ⓪NO ①YES 1.13 Violent tendency ⓪NO ①YES 

1.7 Schizophrenia ⓪NO ①YES 1.14Others, please 

specify____ 
⓪NO ①YES 

 

2. In the past three months, have your child taken the drug to treat the following 

disease? 

2.1 AD/HD   ⓪NO ①YES 2.4 Depression ⓪NO ①YES 

2.2 Autism ⓪NO ①YES 2.5 Schizophrenia      ⓪NO ①YES 

2.3 Epilepsy ⓪NO  ①YES  

 
 

 

 

 

 

 

 

 

 

 



 198 

 

Part 3 Child’s Physical Activity Information 
1. Please read the questions carefully and answer questions : Check YES or NO. 
 
1.1 Has a doctor ever said that your child has a heart condition and 

that s/he should only do physical activity recommended by a 
doctor? 

⓪NO ①YES 

1.2 Does your child feel pain in his/her chest when s/he does 
physical activity? 

⓪NO ①YES 

1.3 In the past month, has your child had chest pain when s/he 
was not doing physical activity? 

⓪NO ①YES 

1.4 Does your child lose his/her balance because of dizziness or 
does s/he ever lose consciousness? 

⓪NO ①YES 

1.5 Does your child has a bone or joint problem (for example, 
back, knee or hip) that could be made worse by a change in 
his/her physical activity? 

⓪NO ①YES 

1.6 Is a doctor currently prescribing drugs (for example, water 
pills) for your child’s blood pressure or heart condition? 

⓪NO ①YES 

1.7 Do you know of any other reason that your child should not 
do physical activity? 

⓪NO ①YES 

 
 

Part 4 Information of Questionnaire Respondent 
1.Relationship with your child: 

① Father       ② Mother     ③ Grandfather     
 ④ Grandmother  ⑤ Others, please 

specify______________________________ 
 

2. Your mobile phone number ：____________________; Email: __________________ 
 
3. Date：__________________(yyyy/mm/dd) 
 

 

--- The end of the questionnaire，thank you for your 
cooperation！-- 
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(Chinese version) 
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Appendix 10: Questionnaire for participants and guardians 
 

(English version) 
 

Questionnaire (participants and guardians) 
 

Of 
 

“School-based physical activity intervention for obesity and health-related 
physical fitness among adolescents with intellectual disability in Hong Kong” 

 
 

【Instructions】 
1. Please answer together by parent and child. 
2. The questionnaire consists of 8 pages. It may take 15 minutes to complete. 
3. Please answer according to the actual situations, and your answers will be 

absolutely confidential. 
4. For questions that need to fill in the blanks, please fill in the appropriate 

answers on “_______”. 
5. For multiple choice questions, please cycle the appropriate answers. 

 

Thank you for your patience and cooperation 

  
Part 1 Child’s Personal Information 

 

1. Name (in English):          Name (in Chinese): 

2. Sex：⓪ Male   ① Female   3. Age: 4. Grade: 
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Part 2 Child’s Physical Activity, Sedentary Time and Sleep 
 

[Instruction: Your child’s physical activity in a typical week is asked in this part, 
which consists of (A) physical activity at school, (B) physical activity during 
transportation, and (C) physical activity in leisure time. In addition, your child’s 
information of sedentary time (D) and sleep duration in a typical week (E) is also 
asked] 
 

(A) Please recall back together with your child about his/her school 

physical activity (Such as PE class, sports training, etc.). 
 
1. In a typical week, does your child involve vigorous-intensity activity that 
causes large increase in breathing or heart rate like [such as playing basketball] 
for at least 10 minutes continuously in school?  
⓪ No（If no, please go to next question）① Yes（If yes, please keep 
answering） 
1.1 In a typical week, how many days do your child do vigorous-intensity 
activities in school?  _____days 
1.2 How much time do your child spend doing vigorous-intensity activities in 
school on a typical day? _____minutes 

 
2. In a typical week, does your child involve moderate-intensity activity that 
causes small increases in breathing or heart rate such as brisk walking [or carrying 
light loads] for at least 10 minutes continuously in school?  
⓪ No（If no, please go to next question ① Yes（If yes, please keep 
answering） 
2.1 In a typical week, on how many days do your child do moderate-intensity 
activities in school?  _____days 
2.2 How much time do you spend doing moderate-intensity activities at work 
on a typical day? _____minutes 

 
(B) Please describe what kind of transportation method does your child 

take when going to school or visiting friends. 
 
3. Does your child walk or bicycle (pedal cycle) for at least 10 minutes 
continuously to get to and from places? 
⓪ No（If no, please go to next question）① Yes（If yes, please keep 
answering） 
3.1 In a typical week, on how many days does your child walk or bicycle for at 
least 10 minutes continuously to get to and from places?  _____days 
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3.2 How much time does your child spend walking or bicycling for travel on a 
typical day? _____minutes 

 
(C) Please descript your child’s recreational activities (such as after 

school activities and weekend activities). Please exclude school 
activities and transportation activities.   

 
4. Does your child do any vigorous-intensity sports, fitness or recreational 
(leisure) activities that causes large increase in breathing or heart rate like 
[running or playing football,] for at least 10 minutes continuously? 
⓪ No（If no, please go to next question）① Yes（If yes, please keep 
answering） 
4.1 In a typical week, on how many days does your child do vigorous-intensity 
sports, fitness or recreational (leisure) activities?  _____days 
4.2 How much time does your child spend doing vigorous-intensity sports, 
fitness or recreational activities on a typical day? _____minutes 

 
5. Does your child do any moderate-intensity sports, fitness or recreational 
(leisure) activities that causes a small increase in breathing or heart rate such as 
brisk walking,(cycling, swimming, playing volleyball)for at least 10 minutes 
continuously? 
⓪ No（If no, please go to next question）① Yes（If yes, please keep 
answering） 
5.1 In a typical week, on how many days does your child do moderate-intensity 
sports, fitness or recreational (leisure) activities?  _____days 
5.2 How much time does your child spend doing moderate-intensity sports, 
fitness or recreational (leisure) activities on a typical day? _____minutes 

 
 
(D) Sedentary Time 

 
6. How much time does your child spend on playing video games or using screen 
products (include watching TV) as recreational activities when they sit or recline 
on a typical day (exclude: 1. study-related using time (e.g. online study); 2. use 
time during exercise). 

6.1 Average time on a weekday from Monday to Friday:      ___hrs___mins 
6.2 Average time on a weekend from Saturday to Sunday:    ____hrs___mins  

 
7. How much time does your child usually spend sitting or reclining on a typical 
day (include playing video games, doing homework, but exclude sleeping time)? 

7.1 Average time on a weekday from Monday to Friday:      ___hrs___mins 
7.2 Average time on a weekend from Saturday to Sunday:     

____hrs___mins 
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(E) Sleep 
 

8. How much time does your child usually sleep on a typical day (include daytime 
naps)? 

8.1 Average time on a weekday from Monday to Friday: ___hrs___mins; and 
usually sleep at night at ____pm 

8.2 Average time on a weekend from Saturday to Sunday: ____hrs___mins; 
and usually sleep at night at ____pm 

 
 

Part 3 Child’s Eating Habits  
 

1. In the past week, how many times did your child eat the following foods on 
average daily? 

 
Average daily 

≥2 times/day 
2 

times/day 
1 

time/day 
< 1 

time/day 
Never 

Don’t 
know 

1.1 Meats, fish, 
eggs, and beans  

① ② ③ ④ ⑤ ⑥ 

1.2 Fried food  ① ② ③ ④ ⑤ ⑥ 

1.3 Sweetened 
drinks 

① ② ③ ④ ⑤ ⑥ 

1.4 High sugar 
food  

① ② ③ ④ ⑤ ⑥ 

1.5 High salt food ① ② ③ ④ ⑤ ⑥ 

1.6 High fat food ① ② ③ ④ ⑤ ⑥ 

1.7 Fruits ①	 ②	 ③	 ④	 ⑤	 ⑥	

1.8 Vegetables ①	 ②	 ③	 ④	 ⑤	 ⑥	

1.9 Milk ①	 ②	 ③	 ④	 ⑤	 ⑥	

 
2. Snacks 
2.1 On a typical day, how many times a day does your child eat snacks？  

① 0    ② 1 time/day    ③ 2 times/day    ④ 3 times/day or more 
2.2 Which of the following food item(s) that your child eats for snacks at least one 
time in a week? (please choose all that apply）： 
   ① Cookies ② Corn ③ Nut with salt ④ Dried pork and beef ⑤ cake 
   ⑥ Potato chips ⑦ Candy, chocolate ⑧ Cheese ⑨Yogurt  
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⑩ Dried fruit with sugar ⑪ Pudding ⑫ Salad  
⑬ Others，please specify:_______________ 

 
3. Which of the following statement best describes your child’s breakfast habits? 
① Never have breakfast    ② Seldom    ③ Most of time    ④ Everyday 
 

Part 4 Child’s puberty development stage 
 

1. Please circle your child’s current pubertal development stage. 
①	I   ②	II   ③	III	 	 	 ④	IV	 	 	 ⑤	V	
 

 
Boy 

 
Girl 
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Part 5 Health-related Information of Biological Parents 
 

 Father (biological) Mother (biological) 

1. Hight  _______（cm） _______（cm） 

2. Weight _______（kg） _______（kg） 

3. Diabetes 
（diagnosed by a doctor） ① No ② Yes ① No ② Yes 

4. Hypertension 
（diagnosed by a doctor） ① No ② Yes ① No ② Yes 

5. Other chronic disease
（diagnosed by a doctor） 

① No ② 
Yes,_____(please specify) 

① No ② 
Yes,_____(please specify) 

 
Part 6 Basic Family Information 

 
1.  How about the educational attainment of this child’s FATHER? 

① No schooling/ Primary ② Junior high school ③ High school 
④ Matriculation/Tertiary 

(without. degree)   
⑤ Tertiary (with 

degree) or. above 
 

2.  What is the occupation of this child’s FATHER?   
① Househusband ② 

Managers/administrators 
③ Professionals 

④ Assistant 
professionals  

⑤ Clerks ⑥ Service workers, 
shop sales 

⑦ Craft related ⑧ Machine/skilled 
workers 

⑨ Unskilled workers 

⑩ Others, please specify____________________________ 
3. Which best describes the employment status of this child’s FATHER?  

① Full-time  ② Part-time  ③ Unemployed 
④ Retired  ⑤ Others, please 

specify ________ 
 

4. How about the educational attainment of this child’s MOTHER? 
① No schooling/Kindergarten ② Primary ③ Secondary 
④ Matriculation/Tertiary 
(without degree)   

⑤ Tertiary (with 
degree) or above 

 

5. What is the occupation of this child’s MOTHER? 
① Housewife ② 

Managers/administrators 
③ Professionals 

④ Assistant 
professionals  

⑤ Clerks ⑥ Service workers, 
shop sales 
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⑦ Craft related ⑧ Machine/skilled 
workers 

⑨ Unskilled workers 

⑩ Others, please specify____________________________ 
6. Which best describes the employment status of this child’s MOTHER?  

① Full-time  ② Part-time  ③ Unemployed 
④ Retired  ⑤ Others, please specify 

_________ 
 

7. Parents’ marital status: 
① Married/cohabiting ② Divorced/separated ③ Others 

 
Part 7 Your Information (The Respondent) 

 
1. Your relationship with the child: 

① Father       
    ② Mother     

③ Grandfather     
    ④ Grandmother    
    ⑤ Others，please descript___________ 
2. How about the educational attainment? 

① No schooling/ Primary ② Junior high school ③ High school 
④ Matriculation/Tertiary 
(without. degree)   

⑤ Tertiary (with 
degree) or above 

 

3. What is your occupation? 
① 
Housewife/househusba
nd 

② 
Managers/administrat
ors 

③ Professionals 

④ Assistant 
professionals  

⑤ Clerks ⑥ Service workers, shop 
sales 

⑦ Craft related ⑧ Machine/skilled 
workers 

⑨ Unskilled workers 

⑩ Others, please specify____________________________ 

4. Which best describes your employment status?  
① Full-time  ② Part-time  ③ Unemployed 
④ Retired  ⑤ Others, please 

specify_________ 
 

 
--- The end of the questionnaire，thank you for your answer！---- 
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(Chinese version) 
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如果您是 贵子女的父亲或母亲，请停止作答本
部分，您已经完成本次调查，非常感谢！ 

请继续完成本部分的其他问
题 
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Appendix 11: Questionnaire for schoolteacher 
 

(English version) 
Questionnaire (schoolteacher) 

 
Of 
 

“School-based physical activity intervention for obesity and health-related 
physical fitness among adolescents with intellectual disability in Hong Kong” 

 
 

【Instructions】 
1. Please answer together by schoolteacher. 
2. The questionnaire consists of 8 pages. It may take 15 minutes to complete. 
3. Please answer according to the actual situations, and your answers will be 

absolutely confidential. 
4. For questions that need to fill in the blanks, please fill in the appropriate 

answers on “_______”. 
5. For multiple choice questions, please cycle the appropriate answers. 

 

Thank you for your patience and cooperation 

  
Part 1 Child’s Personal Information 

 

1. Name (in English):          Name (in Chinese): 

2. Sex：⓪ Male   ① Female   3. Age: 4. Grade: 
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Part 2 Child’s Physical Activity 
 

 

Please recall back together with your student about his/her school 

physical activity (Such as PE class, sports training, etc.). 
 
1. In a typical week, does your student involve vigorous-intensity activity that 
causes large increase in breathing or heart rate like [such as playing basketball] 
for at least 10 minutes continuously in school?  
⓪ No（If no, please go to next question）① Yes（If yes, please keep 
answering） 
1.1 In a typical week, how many days do your child do vigorous-intensity 
activities in school?  _____days 
1.2 How much time do your child spend doing vigorous-intensity activities in 
school on a typical day? _____minutes 

 
2. In a typical week, does your student involve moderate-intensity activity that 
causes small increases in breathing or heart rate such as brisk walking [or carrying 
light loads] for at least 10 minutes continuously in school?  
⓪ No（If no, please go to next question ① Yes（If yes, please keep 
answering） 
2.1 In a typical week, on how many days do your child do moderate-intensity 
activities in school?  _____days 
2.2 How much time do you spend doing moderate-intensity activities at work 
on a typical day? _____minutes 

 
 

Part 3 Child’s Eating Habits  
 

1. Snacks 
2.1 On a typical day, how many times a day does your child eat snacks？  

① 0    ② 1 time/day    ③ 2 times/day    ④ 3 times/day or more 
2.2 Which of the following food item(s) that your child eats for snacks at least 
one time in a week? (please choose all that apply）： 
   ① Cookies ② Corn ③ Nut with salt ④ Dried pork and beef ⑤ cake 
   ⑥ Potato chips ⑦ Candy, chocolate ⑧ Cheese ⑨Yogurt  

⑩ Dried fruit with sugar ⑪ Pudding ⑫ Salad  
⑬ Others，please specify:_______________ 

 
2. Which of the following statement best describes your child’s breakfast habits? 
① Never have breakfast    ② Seldom    ③ Most of time    ④ Everyday 



 218 

Part 4 Information about respondent 
 

1. Your name: 
 
2. You position: 

 
3. How much do you know about the student’s physical activity at school? 

①	Very poor   ②	Poor   ③	So	so	 	 	 ④	well	 	 	 ⑤	Very	well	
 
4. How much do you know about students eating snacks at school? 

①	Very poor   ②	Poor   ③	So	so	 	 	 ④	well	 	 	 ⑤	Very	well	
 

 
 
--- The end of the questionnaire，thank you for your answer！---- 
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(Chinese version) 
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Appendix 12: The assumptions of sphericity for the data analysis 
 

Variable Mauchly’s Test of 
Sphericity 

P 

Whether the 
assumptions were 

violated or not 
 IG CG         IG CG 
Fatness-related outcomes (primary) 
Weight (kg) 0.007 0.082 Yes Not 
BMI (kg/m2) 0.036 0.229 Yes Not 
Waist circumference (cm) 0.000 0.598 Yes Not 
Waist-to-height ratio 0.000 0.328 Yes Not 
Body fat percentage 0.027 0.001 Yes Yes 
Fitness-related outcomes (primary) 
6MWT (m) 0.775 0.017 Not Yes 
30-second sit-to-stand 
(times) 

0.169 0.049 Not Yes 

Handgrip strength (kg) 0.033 0.219 Yes Not 
1-minute sit-ups (times) 0.000 0.143 Yes Not 
Sit-and-reach (right, cm) 0.115 0.830 Not Not 
Sit-and-reach (left, cm) 0.006 0.015 Yes Yes 
Blood pressure (secondary) 
Systolic (mmHg) 0.486 0.183 Not Not 
Diastolic (mmHg) 0.178 0.244 Not Not 
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