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Abstract 

Background: Attention deficit hyperactivity disorder (ADHD) is a frequently diagnosed 

neurodevelopmental disorder in children. Limitation in motor proficiency and sleep problems 

are commonly observed in the population. The study has been completed by three research 

articles to examine the impact of physical activity (PA) on motor proficiency and sleep 

quality in children with ADHD. 

 

Objectives: There were three objectives of present study. First, a case study was designed to 

observe the effect of PA on motor proficiency and sleep quality in the population. Second, 

the systematic review and meta-analysis synthesized empirical studies investigated the effects 

of PA on motor proficiency in the population. Third, a randomized controlled trial (RCT) was 

to examine the impact of PA on sleep quality in children ADHD. 

 

Methods: The study began with a case study recruited three 10- to 11-year-old students who 

have been clinically diagnosed with ADHD. They were made to play basketball as an 

intervention for 12 weeks, once per week, and 60 minutes per session. Baseline and post-

intervention assessments have been completed seven days before and after the intervention 

immediately. Test of Gross Motor Development (TGMD-2) and sleep log were implemented 

to indicate motor proficiency and sleep quality. Then, a systematic review and meta-analysis 

was conducted which followed the Cochrane Guidelines for Systematic Reviews. In May 

2022, a comprehensive search was conducted across eight electronic databases, resulting in 

the identification of 476 relevant studies. These studies were independently assessed by two 

reviewers. Through the application of predefined inclusion and exclusion criteria, a total of 

12 studies were deemed suitable for systematic review, with 10 of them meeting the criteria 

for inclusion in the subsequent meta-analysis. Then, it followed by a RCT study. A total of 33 
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children diagnosed with ADHD (mean age = 10.12 years) were randomized into intervention 

group and control group respectively. 4 specific sleep parameters, including sleep efficiency, 

sleep onset latency, sleep duration, and wake after sleep onset, were assessed before and after 

the intervention period in both groups.  

 

Results: The case study showed that regular physical activity—in the form of basketball in 

the current study—has a significant effect on motor proficiency and sleep quality in children 

with ADHD. Then, a beneficial effect of PA on overall motor proficiency (SMD= 1.12; 95% 

CI [0.63 to 1.61]; p<.05) was observed in the meta-analysis. Similar positive effects were 

found for motor proficiency composites, including object control, fine manual control, and 

body coordination. Third, the RCT presented indicated significant interaction effects in sleep 

duration (F[1,31] = 7.67, p <0.01),  sleep efficiency (F[1, 31] = 6.28, p = 0.02), and sleep 

onset latency (F[1, 31] = 9.43, p = 0.004). 

 

Conclusion: Current findings highlight the benefits of PA on enhancing motor proficiency and 

sleep quality among children with ADHD respectively. A randomized control trial research 

with a larger scale is suggested to investigate further the impact of PA in motor proficiency 

and sleep quality in children with ADHD. 

 

Keywords: Children, attention deficit hyperactivity, physical activity, motor proficiency, 

sleep quality 
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Chapter 1: Introduction 

There are two objectives of this chapter: i) to summarize the background and aims of current 

study and ii) to present the research questions and significance. 

 

1.1 Background 

Attention deficit hyperactivity disorder (ADHD) is one of the most diagnosed 

neurodevelopmental disorders in children population (American Psychiatric Association, 

2013). The global prevalence rate of children and adolescent with ADHD was approximately 

ranging from 4-10% in 2007 (Polanczyk et al., 2007; Sayal et al., 2018; Skounti et al., 2007) 

and has an uprising trend in recent year. In 2015, Thomas et al. (2015) has reported an 

increased rate of 7.2% in North America. Meanwhile, Cénat et al. (2022) have conducted a 

meta-analysis in regional prevalence rate of youth with ADHD and the study has indicated 

the rate of 12.4% in Asians. Furthermore, Seo et al. (2022) has presented a tremendous 

prevalence rate increase of 1.5 times between 2008 and 2018 in Korea. In Hong Kong, 

Cheung et al. (2015) have reported the 6.1% of prevalence rate of children with ADHD. Even 

though the prevalence rate in Hong Kong was below than the global tendency, the growing 

rate presented by the previous studies has indicated the rising trend in the future. 

 

The signs and symptoms of ADHD  typically appear in childhood (American Psychiatric 

Association, 2013; Nijmeijer et al., 2008) and have a high rate of persistence into adolescence 

and adulthood (Cherkasova et al., 2022; Wilens & Spencer, 2010). The signs and symptoms 

of ADHD may have a significant impact in focusing and behaving in daily life and can be 

categorized into inattention, hyperactivity and impulsivity, for example, daydreaming 

frequently, talk excessively and having difficulty in social interaction (American Psychiatric 
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Association, 2013; Committee on Quality Improvement, 2000; Faraone et al., 2021). The 

core symptoms of ADHD are normally misunderstood with negative impressions, such as 

being irresponsible, having uncooperative behaviors with peers and laziness (Feldman & 

Reiff, 2014; Nijmeijer et al., 2008). As consequent, children with ADHD may grow with a 

lower self-esteem, less efficient learning progress and subordinated living quality than the 

typically developed (TD) population (Goulardins et al., 2017; Nijmeijer et al., 2008). 

 

Apart from the aforementioned major symptoms, sleep problems and limitation in motor 

proficiency are the most common limitations faced by the ADHD children population 

(Bruininks, 2005; Goulardins et al., 2017; Kirov & Brand, 2014; Meltzer & Mindell, 2006; 

Tandon et al., 2019). In the last decade, numerous of research indicated the prevalence rate of 

motor proficiency limitation in children with ADHD was 30 to 67% (Egeland et al., 2012; 

Goulardins et al., 2017; Kaiser et al., 2015; Lelong et al., 2021). Meanwhile, previous studies 

have presented a substantial prevalence rate of 22-55% in sleep problems in children with 

ADHD (Cortese et al., 2009; Hvolby, 2015; Martin et al., 2019). The persisted consequence 

of the sleep problem is intensifying the impairment in function and behaviors and the 

symptoms of ADHD (Lycett et al., 2014; O'Brien, 2009; Sciberras et al., 2011). Both of the 

problems were commonly faced by the population, the following sub-sections would have a 

more detailed illustration. 

 

1.2 Motor proficiency in children with ADHD 

Other than the major symptoms, motor proficiency limitation is one of the most common 

obstacles suffered in the children with ADHD. Motor proficiency is defined as an indicator of 

motor development in children associated with the performance with gross, requiring muscle 

control in large body movement, and fine motor skills, movement that coordinated with the 
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eyes and small muscle in hands and fingers  (Bruininks, 2005; Tseng et al., 2004; Wrotniak et 

al., 2006). Motor proficiency limitation (Pan, Chang, et al., 2017; Piek et al., 1999), including 

fine (Fliers et al., 2008; Kaiser et al., 2015; Lelong et al., 2021; Pitcher et al., 2003) and gross 

motor skills (Kaiser et al., 2015; Kosari et al., 2013; Magistro et al., 2015; Pan et al., 2009; 

Pitcher et al., 2003), in children with ADHD has been discussed over decades. Denckla and 

Rudel (1978) conducted one of the first studies to explore motor proficiency in children with 

ADHD. The result indicated that children with ADHD had lower levels of motor proficiency 

than the TD children. Since then, several studies have investigated the relationship between 

ADHD and motor proficiency.  

 

The association between motor proficiency and the symptoms of ADHD was first discussed 

in two decades ago. Piek et al. (1999) investigated the relationship between motor proficiency 

and ADHD symptoms in preschool children and indicated that children with ADHD had 

lower levels of motor proficiency than their peers without ADHD. Furthermore, the results 

found that lower motor proficiency was associated with more severe ADHD symptoms. The 

more the severe the symptoms, the more challenging the daily activities.  

 

In the case of motor proficiency development in children with ADHD, Mokobane et al. 

(2019) found that children with ADHD had lower scores on measures of gross and fine motor 

skills compared to TD children. Meanwhile, a study conducted by Fliers et al. (2008) 

examined the motor skills of children with ADHD using the Movement Assessment Battery 

for Children (MABC). The researchers indicated that children with ADHD demonstrated 

difficulties in manual dexterity, balance, and catching compared to their TD peers. 

Additionally, it is observed that the motor skill limitations were associated with more severe 

ADHD symptoms. Kaiser et al. (2015) suggested that children with ADHD had lower 
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performance on balance and coordination. Similarly, Buderath et al. (2009) and Hassan and 

Azzam (2012) have presented a lower resulting score on the measures of manual dexterity 

and ball skills compared to TD children. 

 

Limitation in motor proficiency may result to a reduced physical activity participation in 

children with ADHD due to the difficulty in completing the motor tasks (Kaiser et al., 2015; 

Pan, Chang, et al., 2017). Meanwhile, Fliers et al. (2010) has reported the undertreatment of 

motor proficiency limitation in the ADHD population. The undertreatment of motor 

proficiency may result to the insufficient physical activity participation in children with 

ADHD that enhanced the risk of exposure in choric disease, such as obesity (Cook et al., 

2015; Goulardins et al., 2016; Zuckerman et al., 2014). Moreover, lacking physical activity 

participation in children with ADHD would associate with social-communicative 

impairments and it would also be influential in personal growth and adopting a healthy 

lifestyle (Pan et al., 2019; Warburton & Bredin, 2017; Welsch et al., 2021).  

 

With regard to motor proficiency and academic performance, children with ADHD who 

demonstrate with the lower level of motor proficiency, may have higher chance in a weaker 

academic performance when compare to the typically developed peers (Tseng et al., 2004). It 

has also shown that motor proficiency limitations in children with ADHD can negatively 

impact academic performance. The studies by Goulardins et al. (2017); Goulardins et al. 

(2016) found that children with ADHD and motor proficiency deficits had lower academic 

achievement scores compared to their peers without these deficits. Furthermore, Magistro et 

al. (2015) has indicated the correlated relationship among gross motor proficiency, 

impulsivity and inattention in ADHD population, and academic achievement and explained 

with cognitive functioning. The authors explained that problem-solving skills were similar in 
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motor skills and mathematics learning process. Therefore, a potential confounded 

relationship between ADHD and motor proficiency may exist. 

 

To summarize, the motor proficiency limitation in children with ADHD may not only result 

to a reduced physical activity participation, but also correlate to a weaker academic 

performance in comparing with the TD population. 

 

1.3 Sleep problems in children with ADHD 

Previously, numerous of studies have discussed the relationship between sleep problems and 

children with ADHD. The substantial prevalence of sleep problems of 25-55% has been 

reported by various of studies (Cortese et al., 2009; Cortese et al., 2013; Hvolby, 2015; 

Martin et al., 2019). In addition, the hyperarousal and sensory processing problems 

associated with ADHD may also contribute to sleep difficulties (Corkum et al., 2011).  

 

The term “sleep problems” is used here to refer to the sleep problems suffered from the 

ADHD population. Refer to the previous studies, children with ADHD suffered from the 

sleep problems, including sleep disturbance, midnight awakening, sleep maintenance, and so 

on (Cortese et al., 2013; Papadopoulos et al., 2019; Yurumez & Kilic, 2016). The sleep 

problems reduce the daytime working efficiency and may persist into adulthood (Cortese et 

al., 2009; Nikles et al., 2020; Yurumez & Kilic, 2016). 

 

One of the studies have examined children with ADHD had suffered from more significantly 

sleep problems than children without ADHD, including shorter sleep duration, more frequent 

night awakenings, and more daytime sleepiness (Cortese et al., 2013). Meanwhile, it has been 

discussed that children with ADHD had a higher prevalence of sleep-disordered breathing, 
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such as snoring and sleep apnea, compared to children without ADHD (Cohen-Zion & 

Ancoli-Israel, 2004). The sleep problems have been specified for intensifying the symptoms 

of ADHD that related to behavioral and functional impairments (Cohen-Zion & Ancoli-

Israel, 2004; Hvolby, 2015; Papadopoulos et al., 2019; Wajszilber et al., 2018). Meanwhile, a 

study by Yin et al. (2022) found that children with ADHD who had sleep problems exhibited 

more symptoms of inattention and hyperactivity than children with ADHD who did not have 

sleep problems. 

 

Furthermore, sleep problems could result to negative impact, including poor daytime 

performance, difficulties in behavior, emotional instability and slower learning progress for 

children with ADHD (Dolezal et al., 2017; Gruber et al., 2012; Langberg et al., 2014; 

O'Brien, 2009). The negative impact of sleep problems is not limited to children, as research 

has shown that adults with ADHD who experience sleep problems would also exhibit poor 

academic performance (Dolezal et al., 2017; Langberg et al., 2014) and driving performance 

(Bioulac et al., 2015). Given the importance of sleep in brain development and the 

presentation and prognosis of ADHD symptoms (Lunsford-Avery et al., 2016), it is crucial 

that identifying the effective strategies for addressing sleep problems in ADHD children 

population. Nonetheless, the underlying mechanisms of the relationship between sleep 

problems and children with ADHD are remain uncleared. 

 

1.4 Medical treatment in children with ADHD 

Pharmacological medication is a common therapy to address sleep problems in individuals 

with ADHD (Hvolby, 2015). However, it is still controversial that the effectiveness of 

medication in improving sleep quality for individuals with ADHD. Meanwhile, some of the 

studies have demonstrated that medication, such as melatonin and clonidine, can successfully 
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promote sleep in individuals with ADHD (Kratochvil et al., 2005; McWilliams et al., 2022). 

On the other hand, other research has shown that medication can worsen hyperactivity and 

behavioral difficulties at bedtime and decrease daytime activity (Cortese et al., 2013; De 

Crescenzo et al., 2014). The unclear conclusion regarding the effectiveness of 

pharmacological medication for sleep problems in individuals with ADHD is under 

consideration. Recent studies have reported the negative effects of medication may 

exacerbate ADHD symptoms and impact daytime activity levels (Cortese et al., 2013; De 

Crescenzo et al., 2014). Part of the studies suggest that medication can be effective in 

improving sleep, whereas some of the studies report negative effects on ADHD symptoms 

and daytime functioning. In short, the use of pharmacological medication for sleep problems 

in children with ADHD remains controversial.  

 

The usage of pharmacological medication is common in relieving the sleep problems in the 

ADHD populations (Efron et al., 2014; Hvolby, 2015; Kidwell et al., 2015; Konofal et al., 

2010). The controversy in applying pharmacological medication in the ADHD population has 

been widely discussed despite the positive effect in improving some of sleep problems 

(Corkum et al., 2020; Kidwell et al., 2015; Stein et al., 2012). The medical application may 

lead to the worsen hyperactivity symptoms and reduced daytime activity (Cortese et al., 

2013; De Crescenzo et al., 2014; Stein et al., 2012).  

 

Recently, pharmacological interventions are a widely used approach for addressing sleep 

problems in the individuals with ADHD (Hvolby, 2015; Stein et al., 2012). However, the 

efficacy and safety of these interventions remain a subject of debate. While some of the 

studies have reported successful outcomes with medications such as melatonin and clonidine 

for improving sleep in individuals with ADHD (Kratochvil et al., 2005; McWilliams et al., 
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2022), others have suggested that these medications may exacerbate hyperactivity and 

behavioral issues at bedtime, and lead to decreased daytime activity (Cortese et al., 2013; De 

Crescenzo et al., 2014). As the use of pharmacological interventions for sleep problems in 

individuals with ADHD lacks a definitive consensus, it is important to consider potential 

negative effects that could worsen ADHD symptoms and affect daily functioning (Cortese et 

al., 2013; De Crescenzo et al., 2014).  

 

Physiotherapy is another professional treatment received by the children with ADHD for the 

motor problem (Fliers et al., 2010). Based on the professional equipment and treatment, the 

instant effectiveness may help improving the motor problems (Fliers et al., 2010; Kumari et 

al., 2020). Nonetheless, the cost of a physiotherapy appointment could become a financial 

burden of the family and lead to an approximately 10-20% additional expense (Libutzki et 

al., 2019; Zhao et al., 2019). Despite the instant effectiveness of physiotherapy, the cost may 

not be affordable for the families, and it can result in a delayed treatment in motor 

proficiency limitation. 

 

Thus, current study proposed the accessibility of physical activity, a relatively more 

affordable method, as one of the possible treatments in both variables. 

 

1.5 Physical activity in children with ADHD 

Physical activity has been proposed as a non-pharmacological intervention for children with 

ADHD. According to the report from the World Health Organization published, physical 

activity is defined as “Any bodily movement produced by skeletal muscles that requires 

energy expenditure” (Bull et al., 2020). The intensity of physical activity can be classified by 

the subjective absolute scale. Meanwhile, moderate-intensity physical activity (MPA) can be 
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defined with an individual’s personal capacity scale with a 5 or 6 on a scale of 0-10 while 

vigorous-intensity physical activity (VPA) is a 7 or 8 on a scale of 0-10 (Bull et al., 2020). 

 

The positive impact of physical activity on their cognitive, social, and emotional functioning 

has been well-documented in the previous literature. Notably, a systematic review and meta-

analysis conducted by Sibley and Etnier (2003) revealed that exercise interventions could 

significantly improve the attention, inhibition, and academic performance in children with 

ADHD. Similarly, it has been reported that acute bouts of physical activity can enhance 

cognitive performance and reduce the symptoms of ADHD (Chueh et al., 2022). These 

findings underscore the potential of physical activity as a valuable intervention for children 

with ADHD, with implications for improved academic outcomes and social functioning. 

 

Although PA has been suggested as a non-pharmacological intervention for children with 

ADHD, the impact of PA on this population is complex. A study completed by Gapin et al. 

(2011) has revealed that children with ADHD had lower levels of physical activity compared 

with their typically developing peers. It was potentially due to comorbid conditions like 

obesity and low muscle tone, which can impact children's motivation and ability to engage in 

physical activity. Additionally, previous study suggested that high-intensity physical activity 

might lead to a decline in cognitive performance for children with ADHD, compared to low-

intensity PA (Pontifex et al., 2013). Thus, it is necessary to individualize the intensity and 

duration of physical activity based on each child's unique needs and abilities so as to optimize 

the potential benefits of physical activity for children with ADHD. 

 

Previously, various of studies have been discussing the impact of physical activity on motor 

proficiency and sleep problems in different population. Promising effects of physical activity 
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on sleep problems have been indicated in TD population (Hurdiel et al., 2017; Park, 2014; 

Wang & Boros, 2021). For instance, Wu et al. (2015) have presented the positive association 

between physical activity and sleep problems among Chinese college students and Greever et 

al. (2017) conducted a 12-week physical activity intervention to girls, aged 7-12 years old, to 

prove the significant effect to reduce the time of midnight awaken. Yet, lacking studies have 

been conducted in children with ADHD population. 

 

Over the last decade, several studies have reported the benefits of physical activity on sleep 

quality across various populations (Tse et al., 2018; Tse et al., 2019; Wang & Boros, 2021). 

For instance, Hurdiel et al. (2017) and Park (2014) found that physical activity positively 

correlated with better sleep quality in typically developed adolescents. Similarly, Greever et 

al. (2017) reported that regular physical activity was linked with reduced midnight 

awakenings and improved sleep fragmentation. Baldursdottir et al. (2017) demonstrated 

significant improvements in sleep quality following a 3-week acute walking program for 

typically developing adolescents in Iceland. Additionally, Stone et al. (2012) noted that 

children who engage in high levels of physical activity are more likely to achieve the 

recommended sleep duration of 9 hours. Furthermore, sleep duration was one of the 

parameters can be increased by physical activity in TD children (Antczak et al., 2020; Jindal 

et al., 2021; Khan et al., 2015). These studies collectively suggest that physical activity can 

enhance multiple aspects of sleep quality among typically developing children and 

adolescents. Thus, investigating the potential of physical activity as an alternative 

intervention to improve sleep quality in children with ADHD is reasonable. 

 

Despite limited intervention studies in this population, Tse et al. (2019) conducted a 

randomized controlled trial (RCT) using a 12-week basketball intervention to examine sleep 
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quality and cognition in children with autism spectrum disorder (ASD), and found positive 

outcomes for sleep quality. Similar to ASD, ADHD is one of the neurodevelopmental 

disorders that may affect the sleep quality of the patients. The study of Tse et al. (2019) 

provided an insight of the experimental setting in physical activity and sleep quality in 

neurodevelopmental disorders. Therefore, the current study aimed to investigate the impact of 

a physical activity intervention with a RCT setting on sleep quality in children with ADHD.  

 

1.6 The Lifelong Physical Activity Model 

The Lifelong Physical Activity Model was the conceptual framework adapt in the study. 

Hulteen et al. (2018) have introduced the Lifelong Physical Activity Model which helps 

explaining the potential lifespan contribution between movement skill development and 

physical health. The model explained the development of movement skills across the 

lifetime, from reflexive movements to specialized movement skills, and how could the 

movement skills potentially encourage the development of physical activity across lifetime. 

Furthermore, the model presented the potential relationship between foundational movement 

skills and specialized movement skills while the motor proficiency barrier in between the two 

stages was explained. A failure in developing the foundational movement skill may 

consequence to an obstacle in obtaining the specialized movement skills and influential in 

fostering the physical activity across the lifetime.  

 

In the previous section, the motor proficiency limitations in children with ADHD have been 

discussed. Meanwhile, the purposed model suggested the limitation in foundational 

movement skill development might result in a motor proficiency barrier that would 

negatively impact on developing the specialized movement skills and lifelong physical 

activity.  
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Current study suggests the positive impact of the physical activity interventions may enhance 

the motor proficiency in children with ADHD. Therefore, based on the model, the motor 

proficiency barrier might be reduced by improving the foundational movement skills. With 

the application of the model, the physical activity interventions consolidate the development 

in foundational movement skills. Then, with a recurring effect between physical activity and 

motor proficiency, the intervention may reduce the motor proficiency barrier and encourage 

the specialized movement skills. Therefore, it could result in developing a lifelong physical 

activity. 

 

Nonetheless, lacking theoretical or conceptual models connected the variable of physical 

activity, motor proficiency and sleep quality in these years. As a result, the Lifelong Physical 

Activity Model was adapted in current study and attempted to connect as many variables as it 

could. 

 

1.7 Statement of the problem 

Based on the former results, limited studies focused on the impact of physical activity and 

motor proficiency and sleep quality in children with ADHD. Lacking experimental research 

was conducted in the specific field and population. For instance, type of physical activity and 

effect to the particular parameters were still unclear. Thus, the thesis attempted to fill in the 

research gaps by conducting three studies to investigate the impact of physical activity and 

motor proficiency and sleep quality in children with ADHD. 

 

Current study adapted the mixed method, including both quantitative and qualitative 

methods, to investigate the effect the impact of physical activity on motor proficiency and 
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sleep problem in children with ADHD. A research synthesis, a meta-analysis and systematic 

review, a randomized controlled trial (RCT) and a pre-test and post-test case study have been 

conducted for the study.  

 

The research questions are stated as follow: 

1) How does moderate to vigorous physical intensity activity impact on motor proficiency in 

children with ADHD? 

2) Which parameters of motor proficiency could be beneficial from the physical activity 

intervention? 

3) What is the effect of moderate to vigorous physical activity on sleep quality in children 

with ADHD? 

4) Which type of sleep parameters can be improved by the physical activity intervention? 

5) What are the potential benefits of moderate to vigorous physical activity to children with 

ADHD? 

 

1.8 Hypotheses 

The following hypotheses are stated based on the results of the previous relevant research. 

Hypothesis 1: It is hypothesized that the effect of moderate to vigorous intensity physical 

activity would positively impact on the sleep duration in children with ADHD. 

Hypothesis 2: It is hypothesized that the effect of moderate to vigorous intensity physical 

activity would positively impact on the sleep latency in children with ADHD. 

Hypothesis 3: It is hypothesized that the effect of moderate to vigorous intensity physical 

activity would positively impact on the gross motor skill in children with ADHD. 

Hypothesis 4: It is hypothesized that the effect of moderate to vigorous intensity physical 

activity would positively impact on the object control skill in children with ADHD. 
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Hypothesis 5: It is hypothesized that the effect of moderate to vigorous intensity physical 

activity would positively impact on the behavioral problem in children with ADHD. 

 

1.9 Significance of the study 

 

The significance and originality of this study lies in its exploration of the potential impact of 

physical activity on motor proficiency and sleep quality in children with ADHD.  

 

It is crucial to understand the potential relationship among physical activity, motor 

proficiency, and sleep quality in children with ADHD in different aspects. First, inspiration 

can be provided for the potential non-pharmacological for children with ADHD. While 

medication and therapies are commonly used, applying physical activity as an alternative 

treatment may offer additional benefits and more affordable.   

 

Then, investigating the impact of physical activity on motor proficiency can inform the 

development of tailored exercise programs for children with ADHD. By identifying specific 

motor skills that are affected and improved through physical activity, interventions can be 

designed to target these parameters effectively. The results may be significant for the 

healthcare professionals, educators, and parents to implement evidence-based interventions 

that optimize motor development in children with ADHD.   

 

Furthermore, examining the relationship between physical activity and sleep quality in this 

population has important implications for their overall well-being. Sleep problems can 

exacerbate ADHD symptoms, which lead to a reduced daytime activity, impulsivity, and 

attention difficulties. By examining the potential positive effects of physical activity on sleep 
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quality, this study may contribute to the development of comprehensive treatment strategies 

that addressing both motor proficiency and sleep problems in children with ADHD.   

 

Lastly, these findings of the studies have the potential to inform clinical practice, educational 

interventions, and curriculum design. By highlighting the importance of physical activity in 

promoting motor proficiency and sleep quality, this research can contribute to improved 

outcomes and quality of life for children with ADHD.



 

 

 

16 

Chapter 2: Effects of Physical Activity on Motor Proficiency and Sleep Problems in 

Children with ADHD: A Case Study 

Abstract 

Recently, there have been discussions on the benefits of motor proficiency and sleep quality 

in children with ADHD. However, there is a paucity on the studies performed on the effects 

of physical exercise on the motor proficiency and sleep quality in children with ADHD. 

Thus, the present study aimed to fill the research gap. The case study has recruited three 10- 

to 11-year-old students who have been clinically diagnosed with ADHD. They were made to 

play basketball as an intervention for 12 weeks, once per week, and 60 minutes per session. 

Baseline and post-intervention assessments have been completed seven days before and after 

the intervention immediately. Test of Gross Motor Development (TGMD-2) and sleep log 

were implemented to indicate motor proficiency and sleep quality. Results showed that 

regular physical exercise—in the form of basketball in the current study—has a significant 

effect on motor proficiency and sleep quality in children with ADHD. A randomized control 

trial research with a larger scale is suggested to investigate further the impact of physical 

activity in children with ADHD. 

 

Keywords: ADHD, children, physical activity, motor proficiency, sleep problems 
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Introduction 

Attention deficit hyperactivity disorder (ADHD) is defined as a neurodevelopmental disorder 

that is characterized by inattention, difficulty in following instructions, hyperactivity and 

impulsivity (American Psychiatric Association, 2013). Apart from these iconic 

characteristics, limited motor proficiency and sleep problem are also commonly found in the 

population (Nikles et al., 2020; Soorya & Halpern, 2009). In support of this, numerous 

studies indicate that half of the children with ADHD suffered from various types of motor 

deficits and sleep problems (Fliers et al., 2008; Goulardins et al., 2016; Sung et al., 2008). 

For example, Goulardins and colleagues (2017)  indicated that 30% to 50% of children with 

ADHD suffer from limited motor proficiency, including both fine and gross motor skills. 

These may be reflected by the inattention, hyperactivity and impulsivity features in children 

with ADHD (Fliers et al., 2008). Moreover, Pan and colleagues (2009) also showed that 

children with ADHD demonstrated weaker locomotor skill and lesser object control ability in 

comparison with typically developed (TD) children.  

 

Indeed, limited motor proficiencies are regarded as one of the barriers for physical activity 

(PA) participation in children with ADHD (Kaiser et al., 2015; Pan, Chang, et al., 2017), 

which, in turn, compromise their physical activity level and general well-being (Goulardins et 

al., 2013) 

With regard to sleep problems, it was found to be also prevalent (25% to 70%) in children 

with ADHD (Kirov & Brand, 2014; Sung et al., 2008; Tsai et al., 2016). Previous studies 

showed that children with ADHD suffer from sleep onset delay (Konofal et al., 2010), may 

have difficulty to maintain sleep (van der Heijden et al., 2018) and have insufficient sleep 

duration (Gregory & Sadeh, 2012). Poor sleep quality is shown closely associated with 

exacerbated emotional regulation and behavioural problems (Kirov & Brand, 2014), poor 
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cognitive functioning and social functioning (Pan et al., 2019), which can negatively affect 

the general well-being and quality of life among the population (Weiss & Salpekar, 2010). 

Thus, it is important to develop an effective intervention to improve the motor proficiency 

and sleep quality of children diagnosed with ADHD. 

 

Currently, physiotherapy and pharmacological treatment are the common options in the 

treatment of motor proficiency and sleep problems. To illustrate, Konofal et al. (2010) stated 

that the intake of melatonin is commonly applied to manage sleep-onset insomnia. Fliers et 

al. (2010), on the other hand, presented regular physiotherapy as the means to improve the 

motor proficiency of the populations. Despite the well-evidenced effectiveness of these 

therapeutic treatments, negative side effects and the demanding cost of the treatment have 

been concerned (Dijk et al., 2021; Huang et al., 2011; Kularatna et al., 2022). For instance, 

Huang et al. (2011) revealed that prolonged pharmacological treatment can cause drowsiness 

which would negatively impact on daily activity. Also, these treatments are usually costly, 

requiring professional personnel and equipment. Therefore, researchers are looking for an 

intervention that is more natural, easy to implement and less costly.  

 

One type of intervention that receives growing research attention is physical activity. It is 

widely shown that physical activity is beneficial for the motor development and sleep in 

children with TD (see Pan, Chu, et al. (2017) and Tandon et al. (2019) for a review). 

However, limited research has been previously conducted investigating the impact of 

physical activity on motor proficiency and sleep in children with ADHD. The purpose of this 

present study is, therefore, to fill this research gap.  
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Methodology 

Ethical Considerations 

In preparation for the study, complete study information was delivered to all subjects, 

including their parents and school. The study was approved by the Human Research Ethics 

Committee of the university before commencement. Written consents were obtained from 

both parents and subjects. All datasets were encrypted with passwords to prevent any leakage 

of sensitive information, and only the primary researcher have the access to the datasets. 

 

Subjects and Settings 

In this experiment, three children were diagnosed with ADHD by an education psychologist 

and assessed based on the DSM-5 (American Psychiatric Association, 2013) and the 

Behavior Assessment System for Children (Second Edition) (BASC-2) (Kamphaus et al., 

2007). They were recruited from a local special school in Hong Kong. The mean age of the 

subjects was 10 years (SD = 0.82), and the intellectual quotient (IQ = 50–69) of all subjects 

were indicated as a mild intellectual disability (ID) (American Psychiatric Association, 

2013). The parents were asked to report the sleep condition of the subjects using the 

Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989). 

 

In relation to individual differences, the background information was obtained through 

reports provided by parents, teachers, and observations made by the researchers.   

 

Subject A exhibited more severe symptoms of impulsivity. She was easily triggered by her 

environment, leading to emotional instability, particularly a propensity for anger. 

Additionally, prior to the intervention, she displayed a lack of physical activity and only 

engaged in the physical education lessons provided by the school.   
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Subject B displayed more intense symptoms of inattention and was easily distracted. Both 

parents and teachers reported low levels of attention in this subject. While the school 

provided regular sensory training, the parents reported that this training did not effectively 

improve the subject's sleep quality.   

 

Similar to Subject B, Subject C faced challenges with attention. He experienced difficulties in 

following instructions, as reported by both parents and teachers. Additionally, he exhibited 

hyperactivity and attentiveness during physical education lessons. However, his parents 

reported that he did not participate in any extracurricular activities related to physical 

exercise.  

 

It is worth noting that none of the subjects participated in any other studies during the 

intervention period. This intervention study marked the first time that all of the subjects were 

involved in this type of research. 

 

A 12-week basketball intervention (1 session per week, 60 minutes per session) was 

conducted in group by the trained research assistants in an outdoor basketball court of the 

participating school. Each intervention session consisted of 10 minutes of warm-up activities 

(including five minutes for static warm-up and the other five minutes for dynamic warm-up), 

20 minutes of skill learning and training and 10 minutes of cool-down period. 

 

Dependent Variables 

The dependent variables were motor proficiency and sleep quality. Pre- and post-intervention 

assessment were conducted one week before and immediately after the exercise intervention.  
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Test of gross motor development (TGMD-2) (Ulrich, 2000) and the Pittsburgh Sleep Quality 

Index (PSQI) (Buysse et al., 1989), completed by the parents based on their observation, 

were used to measure motor proficiency and sleep quality, respectively.  

 

TGMD-2 is a widely adapted measurement of motor proficiency in terms of locomotor and 

object control skills for children aged 3 to 11 years old. It consists of two subscales: 

locomotor skill and object control skill. Each subscale consists of six items. Locomotor items 

include (1) run, (2) gallop, (3) hop, (4) leap, (5) horizontal jump and (6) slide, while object 

control items include (1) striking a stationary ball, (2) stationary dribble, (3) kick, (4) catch, 

(5) overhand throw and (6) underhand roll (Ulrich, 2000).  

 

PSQI is a 10-item self-rated questionnaire to assess sleep quality in seven domains: (1) 

subjective sleep quality, (2) sleep latency, (3) sleep duration, (4) sleep efficiency, (5) sleep 

disturbance, (6) use of sleep medication and (7) daytime dysfunction (Buysse et al., 1989). 

The scoring system is set from 0 (no difficulty) to 3 (severe difficulty), and the index is 

calculated by the summation of the scores. The higher the scores are, the worse the sleep 

quality is represented. In this study, the PSQI was completed by the parents of the subjects 

with reference to other studies under the similar setting (Ji & Liu, 2016; Tietze et al., 2014).  

 

Results 

Demographics of all the subjects were shown in Table 1. 
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Table 1. Demographic information of Chapter 2. 

Subject Age Sex IQ Diagnosis 

A 10 Female 50–69 All subjects were diagnosed with 

ADHD by an education psychologist 

and assessed based on the DSM-5 

and the Behavior Assessment 

System for Children (Second 

Edition). 

B 9 Female 50–69 

C 11 Male 50–69 

 

Motor Proficiency 

Changes in the motor proficiency of all the subjects before and after the intervention were 

shown in Table 3. It is noted that the exercise intervention generally improved the motor 

proficiency of the subjects. 
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With Subject A, she was far beyond the gross motor development in her related age group in 

both the locomotor and object control skill before the intervention. The gross motor quotient 

and its percentile fell beyond 1, indicating her highly delayed gross motor development. Her 

weakness was particularly on running, horizontal jumping, striking a stationary ball, and 

overhand throwing, which only gained one point at most. 

 

Table 2. Physical activity intervention program protocol of Chapter 2. 

Activity Duration 

(mins) 

Content Purpose 

1. Warm-up 

activities 

10 Static warm-up and 

dynamic warm-up, 

including stretching for 

large muscles groups. 

Mental and physical preparation 

for the beginning of the program. 

 

To briefly introduce the following 

session the previous content. 

 

2. The basketball 

training 

20 To revise previous skills. 

 

To deliver repeated 

individual and group 

progressive exercises in 

basic basketball skills, 

including 

1. ball dribbling, 

2. ball receiving,  

3. passing and 

4. shooting 

 

To develop gross motor 

proficiency. 

 

Experience various elements in 

basketball with full body 

movements. 

3. Group games 20 To conduct a group game 

with basketball, 

particularly in drilling new 

skills requiring full body 

movement. 

To consolidate the basketball 

skills via the games. 

 

To encourage full body movement 

with physical activity in moderate 

intensity. 

 

To promote social interaction and 

engagement with instructors and 

peers. 

 

4. Cool-down 

activities 

10 To share and conclude the 

intervention session with 

positive response. 

To review the intervention 

session. 
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After the intervention, she had a remarkable improvement in both locomotor and object 

control. In terms of locomotor skills, the greatest improvement was in running and hopping 

while overhand throwing was the most enhanced object control skill, improving her scores 

from one point to seven points (see Table 3). Both raw scores have improved with a better 

percentile rank. The gross motor quotient has developed from 46 to 73 with two percentiles 

increased. 

 

Both the locomotor and object control proficiency of Subject B indicated that she was behind 

her age group, as shown on the baseline assessment. The delayed motor proficiency was 

proved by the lower rank of percentile (gross motor percentile: <1) and age equivalent (more 

than four years beyond the proficiency norm) of both subtests (see Table 3). The 

representation of gross motor percentile <1 indicated the gross motor proficiency of the 

subject was at the lowest 1% of the population, and it is presented by the score of TGMD-2. 

 

There was improvement on her object control skill after the intervention. Her object control 

skill fared better with higher scores, from 18 to 41, with a better percentile rank, from < 1 to 

37. Her gross motor quotient was raised from 52 to 73 after the intervention (see Table 3). 

However, an unstable emotion status was reported on the post-intervention assessment day 

where half of the assessment day was used in settling her unstable emotion. Although she 

was still able to perform the locomotor skill, the performance was not as complete as her 

usual performance. She was less cooperative, and the situation was remarked by the tester. 

 

Among the three subjects, Subject C had a relatively better developed motor proficiency as 

he had the best results in both baseline and post-intervention assessments. His locomotor 

proficiency had already matched with the age group he belonged to in the baseline 
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assessment. Even though his object control skills were better than the others, his development 

was still behind his original age group (see Table 3). 

 

In the post-intervention measurement, he had an improved performance in both locomotor 

and object control subtests. He had a better performance in horizontal jumping, which led to 

an enhanced performance in locomotor proficiency, improving with 9 percentiles. Moreover, 

minor enhancement was indicated in his post-intervention object control subtest, resulting to 

an upper percentile rank—from 16 to 25 (see Table 3). The gross motor quotient was 

increased from 97 to 103 at the end of the intervention. 
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Table 3. Results of TGMD-2 of all subjects before and after physical activity intervention of Chapter 2. 

Item Subject 

A 

 Subject 

B 

 Subject 

C 

 

 Baseline Post-

intervention 

Baseline Post-

intervention 

Baseline Post-

intervention 

Locomotor subtest 

1. Run 0 5 5 5 8 8 

2. Gallop 3 3 5 3 8 8 

3. Hop 4 9 7 3 10 10 

4. Leap 3 4 3 4 6 6 

5. Horizontal jump 1 6 3 8 6 8 

6. Slide 6 8 4 2 8 8 

Locomotor subtest raw 

score 

17 35 27 25 46 48 

Percentile < 1 5 1 < 1 75 84 

Age equivalent (years-

month old) 

< 3-0 5-9 4-3 4-0 > 10-9 > 10-9 

Object control subtest 

1. Striking a stationary 

ball 

1 1 2 8 7 7 

2. Stationary dribble 3 8 3 6 8 8 

3. Catch 2 6 3 6 6 6 

4. Kick 2 8 4 8 8 8 

5. Overhand throw 1 7 3 6 8 8 

6. Underhand roll 3 4 3 7 3 5 

Object control subtest 

raw score 

12 34 18 41 40 42 

Percentile < 1 9 < 1 37 16 25 

Age equivalent (years-

month old) 

< 3-0 7-6 3-9 9-6 7-0 7-9 

       

Gross motor quotient 46 73 52 73 97 103 

Gross motor quotient 

percentile 

<1 3 <1 3 42 58 
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Sleep Quality 

The sleep quality difference of each subject before and after the intervention were presented in 

Table 4a and 4b. The improvement in the sleep quality of the subjects is demonstrated in the 

reduction of the frequency of being awakened at midnights, having nightmare and coughing, 

and less tried than the baseline assessment. 

 

For Subject A, before the intervention, conditions in sleep latency (including the duration it 

takes to fall asleep and not being able sleep within 30 minutes) and sleep disturbance were 

noted. Also, coughing or snoring loudly and having bad dreams were reported. Subjective sleep 

quality was reported as good, scoring one point (see Table 4b). 

 

Even though the frequency of getting up to use the bathroom was slightly increased, with the 

reduced sleep disturbance and better sleep latency, the subjective sleep quality was reported as 

very good, scoring zero after the intervention. The global PSQI score reduced from four to one 

after the intervention (see Table 4b). The lower global PSQI score represented the better sleep 

quality. 

 

In the baseline observation for Subject B, feeling hot and having trouble staying awake while 

eating meals or engaging in social activity were reported, scoring one point. Furthermore, the 

subjective sleep quality was reported as fairly good with a global PSQI score of 3. 

 

After the intervention, the component of sleep latency remained, which means taking 20 

minutes to fall asleep and 9 hours of actual sleeping time. The score of sleep disturbance also 

remained while she had bad dream sometimes. Daytime dysfunction was improved by one 

point reduced which had lowered the global PSQI score from three to two (see Table 11b). 
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Table 4a. Results of PSQI Items of all subjects before and after physical activity intervention of Chapter 

2. 

Item Subject 

A 

 Subject B  Subject C  

 Baseline Post-

interventi

on 

Baseline Post-

intervent

ion 

Baseline Post-

intervent

ion 

Time it takes to fall asleep 20 

minutes 

5 minutes 20 

minutes 

20 

minutes 

15 

minutes 

10 

minutes 

Actual sleeping time 9 hours 9.5 hours 9 hours 9 hours 8 hours 8 hours 

Difficulty sleeping within 30 

minutes 

1 0 0 0 0 0 

Waking up in the middle of the 

night or early morning 

1 0 0 0 2 0 

Getting up to use the bathroom 1 2 0 0 0 0 

Breathing uncomfortably 0 0 0 0 0 0 

Coughing or snoring loudly 1 0 0 0 0 0 

Feeling too cold 0 0 0 0 0 0 

Feeling too hot 0 0 1 0 2 0 

Having bad dreams 1 0 1 1 0 0 

Having pain 0 0 0 0 0 0 

Other reasons (with description) 0 0 0 0 0 0 

Frequency of taking medicine to 

help sleeping 

0 0 0 0 0 0 

Having trouble staying awake 

while eating meals or engaging 

in social activity 

0 0 1 0 1 0 

Problem in keeping up enough 

enthusiasm to get things done 

0 0 0 0 0 0 

Overall sleep quality  1 0 1 0 1 0 

Total score 6 2 3 1 6 0 



 

 

 

29 

The subjective sleep quality was reported as fairly good. In spite of having 8 hours actual 

sleep time, he had a condition in waking up in middle of the night or early morning, 

temperature sensation and having trouble staying awake while eating meals or engaging in 

social activity (see Table 4a). These conditions led to the issues in sleep disturbance and 

daytime dysfunction with a global PSQI score of three in the baseline observation of Subject 

C. 

 

 

Behavioural changes 

Other than the originated dependent variables, behavioural changes of the subjects were 

observed by the researchers throughout the intervention. Although the subjects had different 

personality and behavioural patterns, the intervention has reduced the typical behavioural 

symptoms in children with ADHD. Since the behavioural change was not an intended 

Table 4b. Results of PSQI components of all subjects before and after physical activity intervention of Chapter 2. 

Component 

no. 

Components Subject A  Subject B  Subject C  

  Baseline Post-

intervention 

Baseline Post-

intervention 

Baseline Post-

intervention 

1 Subjective 

sleep quality 

question 

1 0 1 0 1 0 

2 Sleep latency 2 0 1 1 0 0 

3 Sleep 

duration 

0 0 0 0 0 0 

4 Sleep 

efficiency 

0 0 0 0 0 0 

5 Sleep 

disturbance 

1 1 1 1 1 0 

6 Use of sleep 

medication 

0 0 0 0 0 0 

7 Daytime 

dysfunction 

0 0 1 0 1 0 

Global PSQI Score 4 1 3 2 3 0 
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dependent variable in current study, a valid and reliable scale did not apply for a scientific 

analysis. The obvious behavioural changes were observed and recorded by the researchers. 

 

In comparison, all subjects were more attentive with higher focus in the last intervention 

section than the first section with a progressive change. In the first intervention section, the 

subjects were easily distracted by the external environment. For instance, the subjects were 

distracted by a football, which accidently rolled into the training venue. The football drawn 

the attention of the subjects and they paused the training and chased after the ball for their 

curiosity to the ball. The order resumed until the researcher returned the ball. Similar 

situation occurred again in the 10th training section. However, the subjects did not chase after 

the football and patiently waited for the researcher returning the ball. The attention and focus 

level of all participants was improved by observation. 

 

Furthermore, the emotion status of the subjects was more stable in comparing the first and the 

last section of intervention. The emotion instability was observed, especially Subject C. The 

subjects had difficulty regulating their emotions, leading to frequent and intense mood 

swings. Moreover, the subjects had difficulty controlling their impulses, leading to impulsive 

emotional reactions. At the last section of the intervention, the subjects improved with better 

emotion regulation, for example, reduced number of anger and sadness.
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Discussion 

Present study examined the effect of a physical activity intervention, a 12-week basketball-

themed program, on motor proficiency and sleep quality in children with ADHD. It is 

hypothesised that the intervention would be beneficial on both motor proficiency and sleep 

quality. Results revealed that differences were observed before and after the 12-week 

physical activity intervention with a basketball theme, within which each subject’s motor 

proficiency and sleep quality were measured. There is limited research conducted on physical 

activity, motor proficiency and sleep quality in ADHD children population. Hence, current 

study is the first intervention that investigated the effect of physical activity in the motor 

proficiency and sleep quality in children with ADHD in Hong Kong. 

 

The baseline measurement showed the delayed motor development of all subjects in both 

locomotor and object control skills. However, significant improvement was shown in the 

post-intervention assessment. With the results of the study, it is suggested that physical 

activity is an effective intervention to improve motor proficiency and sleep quality in children 

with ADHD. Improvement was recorded by the parents and the researcher throughout the 

study. One possible reason may be related to the nature of the basketball exercise intervention 

where multiple motor and object control skills (e.g., ball dribbling, passing and catching) 

were trained (Kioumourtzoglou et al., 1998). In the present study, subjects were asked to 

specifically practice these three skills and other related body movement and coordination, 

resulting in observational improvement in motor proficiency.  

 

The benefits of physical activity were widely recognized especially on improving mental 

health, cognition and motor coordination (Silva et al., 2019). Consistent with previous studies 

(Pan et al., 2019; Tseng et al., 2004; Ziereis & Jansen, 2015), the baseline assessment 
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indicated that all subjects had delayed gross motor proficiency, where their motor 

performances were far behind than their corresponding age groups. The linkage between 

delayed motor development and the symptoms of ADHD—for example, inattention and 

impulsivity—were indicated in previous research, associating them with negative impacts on 

physical activity participation (Cook et al., 2015; Goulardins et al., 2016; Tseng et al., 2004). 

Meanwhile, physical activity is crucial in maintaining health in children population (Boreham 

& Riddoch, 2001). Delayed motor proficiency is not only associated with the symptoms but 

also the health condition. Therefore, regular physical activity is highly suggested to the 

ADHD children population. 

 

The observed improvements in the sleep quality are consistent with the results of other 

studies in a different population. Similar to a previous study in children with autism (Tse et 

al., 2019), the present study extended the sleep benefits of physical activity in children with 

ADHD. The results have proven that a 12-week regular basketball program was efficient in 

enhancing the sleep quality in the ADHD children population. The data revealed the effects 

particularly on the parameter of subjective sleep quality, sleep latency, sleep disturbance and 

daytime dysfunction.  

 

The positive effects of physical activity toward sleep were also indicated in the general 

population (Dolezal et al., 2017). The study conducted by Dworak et al. (2007) suggested the 

high-intensity physical activity would result to shorter sleep onset latency in the population of 

healthy children. Moreover, in current study, a participant had an improved sleep latency 

after the 12-week physical activity intervention with the basketball-themed program with a 

moderate to vigorous intensity, suggesting that a moderate intensity of physical activity is 
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beneficial to sleep latency in children with ADHD. The results presented in this study are 

consistent with previous studies, even in ADHD children population.  

 

Another possible reason might relate to the conduction time of the physical activity 

intervention. To supplement the results found in this study, Tatsumi et al. (2015) have 

indicated that a higher intensity of physical activity can enhance the sleep quality in children 

with developmental disorders. In the present study, the sessions for the physical activity 

intervention were performed in the afternoon, after lunch, lasting for 60 minutes. Although 

the population of previous work did not match with the present study, the advantage of 

delivering physical activity during the daytime was consistent. 

 

Tandon et al. (2019) pointed out that the population has suffered from various sleep problems 

(e.g., sleep disturbance and sleep insufficiency). Meanwhile, the sleep problems in the 

population may be associated with their symptoms, including inattention and hyperactivity, 

and executive function limitation. Besides, sleep quality is associated with physical and 

mental health, especially with high body mass index (BMI) and consequence to obesity, in 

children and young adult population (Clement-Carbonell et al., 2021; Ekstedt et al., 2013). 

Therefore, the results of the present study have become strong evidence in promoting 

physical activity, particularly on the factor of sleep in the population of children with ADHD. 

 

Other than motor proficiency and sleep quality, behavioural changes were surprisingly 

observed in the physical activity intervention. The subjects had a higher attention and focus 

level on the last section of the intervention. Since inattention is one of the core symptoms 

diagnosed in children with ADHD (American Psychiatric Association, 2013), current 

observation was aligned with previous studies that physical activity may benefit to reducing 
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the symptoms in children with ADHD (Hoza et al., 2016; Smith et al., 2013). During the 

intervention, the subjects had a higher focus level while comparing with the first and the last 

intervention section. They were more willing to follow the instruction and participated in the 

training exercise. Thus, the intervention conducted more efficiently than the first section. 

 

Besides, the emotion stability of all participants was improved during the 12-week 

intervention. According to Mitchell et al. (2012); Rosenthal et al. (2024), emotion instability 

and dysregulation may consequence to impulsivity, which is one of the core symptoms in the 

ADHD population. Furthermore, emotion dysregulation may lead to social impairment in 

ADHD population (Bunford et al., 2018). Throughout the intervention, subjects had been 

reducing the rate of sudden anger and sadness. The intervention design included group games 

that raised the social interaction among the subjects. At the beginning, some of the subjects 

refused to participate in the group game section and presented with mood and anger. With the 

guidance of the researcher, the subjects were more willing to join the group game section and 

interacted with others. Based on the observed result, the regular physical activity might help 

regulating the emotion of children with ADHD and diminished the social impairment. 

 

Limitations 

While the potential benefits of physical activity on motor proficiency and sleep quality were 

shown in the present study, three major limitations exist. First, the sample size was small due 

to COVID-19, and there was no control group for comparison. Thus, the results may not be 

able to generalize into the population. Meanwhile, the case study was designed without a 

control group. It became challenging to determine whether the observed outcomes are solely 

attributed to the intervention or if other factors may have influenced the results. Large-scale 

random controlled trial study is required to further investigate the impact of physical activity 
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on motor proficiency and sleep quality in children with ADHD. Second, there is a lack of 

objective measurement of sleep quality. Future studies should consider using actigraphy 

assessments to measure sleep quality. Third, as behavioural change was not an intended 

dependent variable, the measurement only depended on the observation by the researcher 

with no objective measurement applied.  

 

Conclusion 

In conclusion, the present study posits that physical activity may be an effective intervention 

to enhance the motor proficiency and sleep quality of children with ADHD. Other than motor 

proficiency and sleep quality, behavioural changes have been observed. Studies with larger 

sample size and randomized controlled trial design are required to further investigate the 

benefits of physical activity intervention in the future. 
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Chapter 3: The effect of physical activity intervention on motor proficiency in children 

and adolescents with ADHD: A systematic review and meta-analysis. 

 

Abstract 

Attention deficit hyperactivity disorder (ADHD) is a frequently diagnosed 

neurodevelopmental disorder in children and adolescents. The objective of this review was to 

synthesize empirical studies that investigated the effects of physical activity (PA) on motor 

proficiency in this population. A systematic review and meta-analysis were conducted 

following the Cochrane Guidelines for Systematic Reviews. In May 2022, a systematic 

search of eight electronic databases retrieved 476 results, which were screened independently 

by two reviewers. Based on the inclusion and exclusion criteria, 12 studies were selected for 

systematic review, and 10 were included in the meta-analysis. A beneficial effect of PA on 

overall motor proficiency (SMD= 1.12; 95% CI [0.63 to 1.61]; p<.05) was observed. Similar 

positive effects were found for motor proficiency composites, including object control, fine 

manual control, and body coordination. These results indicate that PA improves the motor 

proficiency of children and adolescents with ADHD. 

Keywords 

Physical activity, Motor proficiency, Children and adolescents, ADHD 
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Introduction 

Attention deficit hyperactivity disorder (ADHD) is widely recognized as one of the most 

prevalent neurodevelopmental disorders in children, with a worldwide prevalence ranging 

from 3% to 7%, and a rate of 6.1% among Hong Kong children (Cheung et al., 2015; 

Rowland et al., 2015). It is defined as a neurodevelopmental disorder characterized by three 

primary symptoms: inattention, hyperactivity, and impulsivity, which can significantly limit 

personal, social, academic, or occupational functioning (American Psychiatric Association, 

2013). Unfortunately, these symptoms are often misinterpreted as irresponsible, lazy, or 

uncooperative behavior by peers, which can lead to lower self-esteem, learning progress, and 

quality of life among children with ADHD (American Psychiatric Association, 2013; 

Goulardins et al., 2017).  Pharmacological treatment is currently the most common method 

for ameliorating the symptoms of ADHD in children (Arnold et al., 1997; Leahy, 2018). 

While these treatments have immediate and direct effects (Arnold et al., 1997), negative side 

effects such as weight gain, sleep problems, and decreased appetite have been documented 

(Sprich et al., 2016). Non-pharmacological treatments, such as psychological and behavioral 

interventions, have also been proposed as alternative treatments for children with ADHD 

(Caye et al., 2019). However, the cost of professional oversight of these treatments is 

relatively high (Schatz et al., 2015) , which may limit their scalability for a larger population 

of children who could potentially benefit from them. 

 

In addition to the primary symptoms, between 30% and 50% of children with ADHD have 

limited motor proficiency, defined as a measure of motor development in children that 

encompasses gross and fine motor skills (Bruininks, 2005). This often results in lower 

physical activity (PA) participation rates among children with ADHD due to difficulties in 

completing various motor tasks (Kaiser et al., 2015; Pan, Chang, et al., 2017) , which in turn 
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can lead to negative physical health consequences, such as obesity (Goulardins et al., 2016). 

The limitation in motor proficiency is also associated with social-communicative 

impairments and has a significant impact on personal growth and the adoption of a healthy 

lifestyle (Pan, Chang, et al., 2017; Papadopoulos et al., 2015). Notably, current 

pharmacological treatments have no effect on impaired motor proficiency. Over the past two 

decades, physical activity has garnered increasing research attention and has been considered 

as a therapeutic alternative for improving motor proficiency. Physical activity interventions 

are relatively easy to implement and have been shown to improve motor proficiency 

compared to other behavioural therapies. For example Pan et al. (2019) conducted a 12-week 

table tennis program for 30 children with ADHD and found significant improvements in 

locomotor and object-control performance, as measured by the Test of Gross Motor 

Development-2 (TGMD-2). Similarly, Silva et al. (2019) implemented an 8-week aquatic 

training program for 15 children with ADHD and observed significant improvements in 

motor coordination. However, inconsistent findings have been reported in the literature.  

 

For example, Verret et al. (2012) found that 10 consecutive weeks of PA intervention did not 

improve object control performance. In another study, Pan, Chang, et al. (2017), specific fine 

motor skills were not affected by a 12-week PA training program. These discrepancies in the 

results may be due to the wide range of training parameters, such as the types, frequencies, 

and intensities of exercises, and the different components of motor proficiency, such as object 

control, manual control, etc., targeted by the different interventions. Therefore, further 

research is necessary to clarify the potential benefits of physical activity interventions on 

motor proficiency in children with ADHD.  
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While there have been several narrative reviews on the topic (Vysniauske et al., 2020) to the 

best of our knowledge, no meta-analysis or systematic review has been conducted to examine 

the impact PA on motor proficiency in children and adolescents with ADHD. Additionally, it 

is crucial to further investigate the effects of PA on specific types of motor skills through 

subgroup analysis of motor proficiency composites. Therefore, in response to this research 

gap, this study aimed to synthesize published studies on the potential benefits of PA 

interventions on motor proficiency in children and adolescents with ADHD. 

 

Method 

 

Search strategy 

The present meta-analysis adhered to the guidelines provided in the Preferred Reporting 

Items for Systematic Review and Meta-analyses Statement (PRISMA) (Page et al., 2021). In 

March 2022, electronic databases including PsycINFO (via EBSCOhost), Sportdiscus (via 

EBSCOhost), CINAHL (via EBSCOhost), ERIC (via EBSCOhost), Scopus, MEDLINE (via 

EBSCOhost), PubMed, and EMBASE (via Ovid) were searched to identify relevant articles. 

The articles selected were restricted to those published in English, peer-reviewed, and related 

to human subjects. The initial search was conducted using four sets of keywords: “children or 

adolescents,” “ADHD or attention deficit hyperactivity disorder,” “physical activity or 

exercise,” and “motor proficiency.” The keywords were chosen based on prior research on 

PA and motor proficiency in children with ADHD and feedback obtained from experts in the 

field. The search terms used are presented in Table 1. In addition, a manual search was 

conducted by reviewing the reference lists of all included studies and relevant reviews. 



 

 

 

40 

 

Table 5. Systematic review search terms. 

Target population Condition Intervention Outcome 

Children ADHD Physical activity  Motor proficiency  

Child Attention deficit 

hyperactivity 

disorder 

Exercise  Motor skills  

Adolescents Attention deficit-

hyperactivity 

disorder  

Fitness  Motor development 

Teenager Attention deficit 

disorder 

Physical exercise  Motor ability  

Youth  Sport  Motoric  

Kids  Sports  Fine motor  

Students  Physical training Gross motor  

   Motor  

   Motor skill 

 

Inclusion and exclusion criteria 

 

Types of studies 

The present review included only completed randomized controlled trials (RCTs) or non-

randomized comparison studies (NRS) that provided sufficient statistical data to calculate the 

effect size for the primary outcome. This statistical data included mean (M), sample size (n), 

and standard deviation (SD) from both baseline and post-intervention. The review excluded 

review papers, government/case reports, conference papers, books, and policy documents. 

 

Types of participants 

The review included children and adolescents between the ages of 5 and 19 who had been 

diagnosed with ADHD based on standardized diagnostic criteria such as the DSM-IV or 

DSM-V. Studies that included participants with other disabilities or disorders that made it 

difficult to distinguish the sole effect on children and adolescents with ADHD were excluded 

from the review. 
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Types of interventions 

Studies conducted in both clinical and field trials were included.  

 

Types of outcome measures 

This study only included studies that used validated instruments to measure motor 

proficiency. In systematic reviews and meta-analyses, the selection of a motor proficiency 

composite to combine the effect of interventions is crucial. For this study, we included all six 

composites of motor proficiency tests: locomotor, object control, fine manual control, manual 

coordination, body coordination, and strength and agility, as each of them contributes to 

overall motor proficiency. If a study contains multiple indicators, we recommend 

incorporating all of them to present a complete picture of the effect of PA intervention on 

motor proficiency because assessment tools vary in their indicators. 

 

Study selection and data extraction 

To commence the study selection process, two evaluators independently conducted a multi-

step search process and performed screenings on the title, abstracts, and full-length articles. 

Any discrepancies that emerged between the two reviewers were debated until they reached 

an agreement. When a consensus could not be achieved, a third evaluator was responsible for 

the final verdict. A standardized data extraction form was used to capture relevant data, such 

as bibliographic information (author and year), research design, participant characteristics 

(sample size, sex, age range), intervention details (dosage, frequency, length, intensity, 

intervention design), outcome measures, and findings, to extract the critical features of each 

study.  
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Quality assessment 

Two independent reviewers applied the Physiotherapy Evidence Database (PEDro) scale to 

assess the methodological quality of all included studies (Maher et al., 2003). In case of 

discrepancies regarding quality ratings, the reviewers discussed until they reached a 

consensus. If the reviewers could not reach an agreement, a third researcher made the final 

decision. The PEDro scale is a reliable and valid instrument for assessing the quality of 

randomized controlled trials (RCTs) focusing on physical exercise in children with ADHD. 

The scale comprises 11 criteria related to eligibility, randomization, allocation, blinding (of 

subjects and experimenters), intention-to-treat, between-group comparison, and point 

measures (Liang, Li, Wong, Sum, & Sit, 2021; Maher et al., 2003). Each item is scored from 

0 to 10, and the median score is 5. However, blinding may not be possible in some PA 

intervention trials (Sherrington et al., 2010). Thus, the scoring system categorizes studies into 

three groups: high quality (score ≥6), moderate quality (score of 4-5), and low quality (score 

≤3) (Jeyanthi et al., 2019; Liang, Li, Wong, Sum, & Sit, 2021).  

  

Data analysis  

The present study used a meta-analysis to investigate the impact of physical activity 

interventions on motor proficiency. We conducted subgroup meta-analyses to explore the 

effects of physical activity on different domains of motor proficiency, including locomotor, 

object control, fine manual control, manual coordination, body coordination, and strength and 

agility. We extracted the data for each composite from each study, and when the data was not 

available, we analyzed overall motor proficiency. To conduct the data analysis, we used 

Review Manager (RevMan) 5.4 software and assessed the standardized mean differences 

(SMD) instead of the Hedge's adjusted g. We reported the SMD with 95% Confidence 

Intervals (CIs) as the continuous outcomes, with a significance level of α < 0.05. We used the 
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I2 statistic to assess the heterogeneity of the studies, and subgroup analyses were conducted to 

examine the influence of PA intervention characteristics and motor proficiency domains 

measured. Sensitivity analyses were used to determine the influence of the PA intervention 

for each composite.  

 

To present the results of the meta-analyses, we constructed forest plots and we applied the 

Egger test for publication bias (Egger et al., 1997). It is associated with the random effects 

model to estimate the publication-bias-adjusted true effect size associated with the number of 

studies needed to balance the plot. Our methodology was consistent with the study design by 

Welsch et al. (2021), and we followed the interpretation from the Cochrane guidelines 

(Higgins & Green, 2011) in assessing the heterogeneity of the studies. 

 

Results  

Study identification 

The initial search of eight databases yielded 476 articles, and after removing duplicates, 290 

articles underwent further screening. After excluding non-relevant articles, 29 articles 

remained and were read in full text. Two articles were excluded due to inadequate statistical 

data and study type, leaving 12 studies for the systematic review. 10 of these studies were 

included in the meta-analysis. Efforts were made to contact the authors for additional data or 

clarification, but no responses were received. A flow diagram illustrating the search and 

screening procedures is presented in Figure 1. 
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Figure 1. PRISMA flow diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records identified from database 

searching: (n = 476) 

Psycinfo: 51 

Sportdiscus: 18 

CINAHL: 30 

ERIC: 9 

Scopus: 160 

MEDLINE: 71 

PubMed: 68 

Embase: 69 

Records excluded as duplicated (n=186) 

Identification of studies via databases and registers 

Id
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Title screened by two independent 

reviewers 

(n =290) 

S
cr
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n
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Full text articles excluded with reasons 

(n=15): 

• Without motor proficiency outcome 

• Dissertations & conference 

abstracts 

• Cross-sectional studies 

Studies included in the systematic 

review 

(n=12) 

In
cl

u
d

ed
 

Additional records from manual search (n=4) 

Abstracts screened by two independent 

reviewers 

(n =29) 

Full text articles assessed for eligibility 

by two independent reviewers 

(n =14) 

Studies included in the meta-analysis 

(n=10) 

Articles excluded with reasons (n=2): 

• Insufficient statistical information 

(i.e., mean and SD) reported. 
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Quality assessment 

Table 6 presents the quality assessment of the included studies. All studies matched at least 

four criteria, and most of them were RCTs. The resulting quality was high, associated with 

the mean score of 6.08 (SD=1.19). Most of the studies had clearly stated the recruitment 

criteria and maintained a high retention rate. 
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EC=eligibility criteria; RA=random allocation; CA=concealed allocation; SB=similar baseline; BS=blinding subjects; BT=blinding therapists; 

BA=blinding assessors; CR=completion rate; ITA=intention-to-treat-analysis; BC=between-group comparisons; PMV=point measures and 

variability; TS=total score; QSQ=overall study quality; Yes=1; No=0; *= included in meta-analysis

Table 6. Assessment of methodological study quality of the included studies (PEDro). 

Author(s) Year EC RA CA SB BS BT BA CR ITA BC PMV TS OSQ 

Golubovic et al.* 2014 1 0 0 1 0 0 0 1 0 1 1 5 Moderate 

Chang et al.* 2014 1 0 0 1 0 0 0 1 0 1 1 5 Moderate 

O’Connor et al.* 2014 1 0 0 1 0 0 0 1 0 1 1 5 Moderate 

Ziereis et al. 2015 1 1 0 1 0 0 0 1 0 1 1 5 Moderate 

Pan et al.* 2017 1 1 0 1 0 0 0 1 1 1 1 7 High 

Torabi et al.* 2018 1 0 0 1 0 0 0 1 1 1 1 6 High 

Meßler et al.* 2018 1 1 0 1 0 0 0 1 1 1 1 7 High 

Benzing and 

Schmidt * 

2019 1 1 1 1 1 0 0 1 1 1 1 9 High 

Pan et al.* 2019 1 0 0 1 0 0 0 1 1 1 1 6 High 

Silva et al.* 2019 1 1 0 1 0 0 0 0 0 1 1 5 Moderate 

Jeyanthi et al. 2021 0 1 0 1 0 0 0 1 1 1 1 6 High 

Orangi et al.* 2021 1 1 0 1 0 0 0 1 1 1 1 7 High 
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Publication bias 

The is funnel plot is presented in Figure 2. We conducted an Egger test to examine the 

presence of publication bias in our meta-analysis. The intercept of the Egger regression-based 

test was not statistically significant, b = 0.39, SE = 1.38, t(1) = 0.79, p = 0.60, 95% CI [-2.785, 

3.563]. The standard error of the effect size was estimated to be 2.086. The meta-regression 

model used was random effects. These results suggest that there is no significant publication 

bias in our meta-analysis. 

 

 

Figure 2. Funnel plot for the visual inspection of publication bias. 
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Characteristics of included studies 

The characteristics of the included studies are summarized in Table 7 & Table 8. They 

contain the descriptive data of participants, diagnosis, location and setting, interventions 

(types, intensity, and duration), follow-ups, outcomes, measurement tools, and major results. 

All included studies were published in the last decade (between 2014 to 2021). In terms of 

the study location, seven studies were conducted in Asia, including Taiwan (Chang et al., 

2014; Pan, Chu, et al., 2017; Pan et al., 2019), Iran (Orangi et al., 2021; Torabi et al., 2018; 

Yazd et al., 2015) and India (Jeyanthi et al., 2021). Three studies were performed in Europe, 

including Germany (Meßler et al., 2018; Ziereis & Jansen, 2015) and Switzerland (Benzing 

et al., 2018). One study came from the USA (O’Connor et al., 2014) and the remaining one 

was conducted in Brazil (Silva et al., 2019).   
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Table 7. Study characteristics of Chapter 3. 

 Participant Characteristics Intervention Components 

Author(s) (Year, 

Country/ Region) 

Sample Participants 

(Age Range, M, 

SD; Sex-M%) 

Diagnostic 

Methods, subtype 

Sample 

Size 

(IG/CG) 

Setting Type Intensity Length 

(mins) 

Follow-up 

assessment  

Golubovic et al. 

(2014), Serbia 

ADHD Age range NR, 

M=6.38, SD=1, 

M-100% 

Conners’ Rating 

Scale 

36 

(18/18) 

Sports school Physical 

exercise 

programme 

NR 3 sessions 

(60)/week 

NR 

Chang et al. 

(2014), Taiwan 

ADHD 5-10, M=8.44, 

SD=8.29, M-

85% 

ADHD (DSM-IV); 

Inattentive (7), 

Hyperactivity / 

impulsivity (2), 

Combined (18) 

27 

(13/14) 

Local 

swimming 

pool 

Aquatic 

exercise 

moderate 2 sessions 

(90)/week 

Within one week  

O’ Conner et al. 

(2014), the USA 

ADHD 5.56-7.98, 

M=6.64, SD: 

NR, M-74% 

ADHD (DSM – 

Disruptive 

Behaviour 

Disorder rating 

scales); Inattentive 

(6), Hyperactivity / 

impulsivity (15), 

Combined (77) 

98 

(52/46) 

Recreational 

camp like 

setting 

Summer 

treatment 

programme 

(STP) 

NR NR Final 3 days of 

STP 

Ziereis and Jansen 

(2015), Germany 

ADHD 7-12, M=9.45, 

SD=1.43, M-

74% 

ADHD (ICD-10; 

FBB-

ADHS/KITAP) 

subtype (NR) 

43 

(27/16) 

University of 

Regnsburg’s 

Institute of 

Sport Science 

Multiple 

physical 

exercise 

programs 

NR 1 session 

(60)/week 

Short-term effect 

was measured 

immediately after 

first day program. 
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Long-term effect 

was measured 1 

week after the 

program. 

Pan et al. (2017), 

Taiwan 

ADHD 7-14, M=9.05, 

SD= 2.59, M-

100% 

ADHD (DSM-IV-

TR); Inattentive 

(2), Hyperactivity / 

impulsivity (6), 

Combined (16) 

48 

(12/36) 

Gymnasium 

at the 

university 

PA training 

program 

(including 

SDHRP and 

physical 

fitness 

training) 

NR 1 session 

(90)/week 

2 weeks 

Meßler et al. 

(2018), Germany 

ADHD 8-13, M=11, 

SD=1, M-100% 

ADHD (DSM-IV-

TR); subtype (NR) 

28 

(14/14) 

Local indoor 

or outdoor 

venue 

HIIT High 3 sessions 

(4)/week 

3-4 Days 

Torabi et al. 

(2018), Iran 

ADHD Age range NR, 

M=12.7, 

SD=1.08, M-

40% 

Conner’s parental 

questionnaire; 

clinical interview; 

subtype (NR) 

50 

(25/25) 

Laboratory of 

University of 

Tehran 

High-

intensity 

intermittent 

training 

High 3-6 

sessions 

(NR)/week 

NR 

Benzing and 

Schmidt (2019), 

Switzerland 

ADHD 8-12, M=10.63, 

SD=1.32, M-

82.4% 

ADHD (ICD-10); 

subtype (NR) 

51 

(28/23) 

Clinical trial 

in Bern 

Exergaming 

programme 

NR 3 sessions 

(30)/week 

NR 

Pan et al. (2019), 

Taiwan 

ADHD 7-12, M=9.08, 

SD=1.43, M-

100% 

ADHD (DSM-IV-

TR); subtype (NR) 

60 

(15/45) 

Gymnasium 

at the 

university 

Table tennis NR 2 sessions 

(70)/week 

Within two weeks 

Sliva et al. (2019), 

Brazil 

ADHD 11-14, M=12, 

SD=1.5, M-70% 

ADHD (DSM-IV-

TR); subtype (NR) 

33 

(18/15) 

Rogationist 

Youth School 

in Criciúma 

City 

Swimming Moderate 2 sessions 

(45)/week 

48 hours 
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Orangi et al. 

(2021), Iran 

ADHD 10-13, IG 

(M=11.32, SD= 

1.00) 

CG (M=11.26, 

SD=0.92) 

M-100% 

ADHD rating scale 

by Dupaul, Power, 

Aastopoulos, and 

Reid; subtype (NR) 

36 

(18/18) 

A gym Aerobic 

training 

NR 3 sessions 

(60)/week 

NR 

Jeyanthi et al. 

(2021), India 

ADHD 8-12, M=NR, 

SD=NR, M-

100% 

ADHD (DSM-V); 

Hyperactivity / 

impulsivity (3), 

Combined (7) 

20 

(10/10) 

NR Structure 

exercise 

programme 

NR 3 sessions 

(45)/week 

NR 

NR = not reported; NA= not applicable; HR= heart rate; IG = Intervention group; CG = Control group; SDHRP = simulated developmental horse-riding program; 

PA = Physical activity; HIIT = High intensity interval training 
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Table 8. Summary of study results of Chapter 3. 

Author(s) 

(year) 

Outcomes of 

interest  

Measures Results 

Golubovic et al. (2014) 1. Motor ability 1. Motor measuring 

tests 
• Within-group effects: forward bend (t(16)=-3.83, p<.01); sit-ups 

(t(16)=-2.12, p<.05). 

Chang et al. (2014) 1. Motor ability 

2. Inhibition 

1. Basic Motor Ability 

Test-Revised 

(BMAT) 

2. Go/Nogo Task 

• Between-group effect: bead moving score (t(25)=2.17, p=.04). 

• Go stimulus, between-group effect reaction (F(1, 25)=10.36, 

p=.004). 

• Nogo stimulus: effect of time (F(1, 25) =6.00, p=.02) and group x 

time interaction effect (F(1, 25) =8.30, p=.001).  

O’ Conner et al. (2014) 1. Athletic 

competence 

2. Motor 

proficiency 

1. Sport knowledge and 

performance tasks 

and Skill tasks 

2. Bruininks-Oseretsky 

Test of Motor 

Proficiency 

(BOTMP) 

• Sport knowledge and performance: soccer (F(1,81)=26.9, p<.01); 

knowledge of tee ball (F(1,83)=26.62, p<.01) and performance in 

tee ball (F(1,82)=17.87, p<.01).  

• In ball trapping (F(1,84)=7.34, p<.01); dribbling penalties 

(F(1,82)=7.23, p<.01) and catching accuracy (F(1,85)=11.95, 

p<.01). 

• Group difference of BOTMP (F(1,77)=6.45, p=.012. 

Ziereis and Jansen 

(2015) 

1. Working 

memory 

(WM) 

2. Motor 

performance 

1. The digit span 

(forwards / 

backwards) and the 

letter-number-

sequencing task of 

the HAWIK-IV  

2. Movement 

Assessment Battery 

for Children (M-

ABC 2) 

• Executive functioning: no significant effect 

• Three main effects of time: i) index-score WM (F(1,33)=17.80, 

p<.01); ii) digit-span forward (F(1,33)=24.261, p<.01) and iii) 

letter-number sequencing (F(1,33)=6.128, p<.05). 

• Group x time interaction effects: catching (F(2,33)=8.197, p<.01) 

and the variable total score M-ABC (F(2,33)=9.925, p<.01). 

Pan et al. (2017) 1. Motor 

proficiency 

1. Bruininks-Oseretsky 

Test of Motor 
• Post-training effects (p<.01) were found in total motor composite, 

in which fine manual control, partial η2 = 0.29; manual 
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2. Physical 

fitness 

Proficiency, Second 

Edition (BOT-2) 

2. The 20-m 

progressive aerobic 

cardiovascular 

endurance run 

(PACER), isometric 

push-up, curl-up. and 

back-saver sit-and 

reach tests from the 

Brockport Physical 

Fitness Test (BPFT) 

coordination, partial η2 = 0.23; body coordination, partial η2 = 0.39; 

strength and agility, partial η2 = 0.28. 

• Time effect in ADHD training group 20-m PACER and sit-and-

reach in both legs (p<.01) with the post-hoc result. 

Meßler et al. (2018) 1. Physical 

fitness 

2. Motor skills 

3. Quality of 

life 

1. Maximal power 

output, peak oxygen 

uptake and oxygen 

uptake 

2. Movement 

Assessment Battery 

for Children (M-

ABC 2) 

3. KINDL 

questionnaire 

• Peak power during the incremental test (p ≤ .01; η2
p = .28; F = 

9.122).  

• The group of HIIT: manual dexterity (p ≤ .05; η2
p = .15; F = 4.458) 

and ball skills (p = .03; η2
p = .18; F = 5.686). 

• Parents’ perspective on emotional well-being: (p = .04; η2
p = .16; F 

= 4.775) 

• Self-esteem by both guardians (p ≤ .01; η2
p = .30; F = 11.019) and 

boys (p ≤ .01; η2
p = .25; F =8.792).  

• The rating of quality of life by guardians (p ≤ .01; η2
p = .24; F = 

7.975). 

Torabi et al. (2018) 1. Insulin 

resistance 

2. Adiponectin 

3. Motor 

proficiency 

1. Food dietary records 

2. Biochemical 

evaluation 

3. Bruininks-Oseretsky 

test of motor 

proficiency 

(BOTMP) 

• A significantly decreased level of insulin resistance in the 

experimental groups (p<0.05). 

• A significantly increased level of adiponectin in the experimental 

groups (p<0.05). 

• Motor proficiency in the experimental groups of both genders 

(p<0.05). 

 

Benzing and Schmidt 

(2019) 

1. Executive 

functions 

2. Motor skills 

1. Simon Task, Flanker 

Task and modified 
• Simon Task F(2, 48) = 4.08, p= 0.049, d = 0.58 and Flanker task 

F(2, 48) = 5.09, p = 0.029, d = 0.65.  
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version of the color 

span backward task 

2. German Motor Test 

• No significant difference in updating F(2, 48) = 0.50, p = 0.482, d 

= 0.20. 

• Group difference F(2, 48) = 7.69, p = 0.008, d = 0.80. 

Pan et al. (2019) 1. Motor skills 

2. Executive 

functions 

1. Test of Gross Motor 

Development-2 

(TGMD-2) 

2. Stroop color and 

word test and 

Winconsin Card 

Sorting Test 

(WCST) 

• ADHD training group: locomotor (F = 89.64, p < .01) and object-

control skills (F = 156.00, p < .01).  

• ADHD non-training: locomotor skills (F = 26.39, p < .01). 

• Between-group training effect (F = 7.47, p < .01). Within-group 

differences in ADHD training (F = 172.35, p < .01) and TD non-

training groups (F = 6.50, p <.05).  

• WCST: ADHD training group and ADHD non-training group (F = 

3.65, p < .05).  

• Time differences in ADHD training group (F = 13.12, p < .01).  

Sliva et al. (2019) 1. Mental health 

2. Cognitive 

parameters 

3. Motor 

coordination 

4. Physical 

fitness 

1. Child depression 

inventory (CDI) 

2. The test of trails 

3. The battery of 

corporal 

coordination tests for 

children 

4. The tests of 

flexibility and 

abdominal resistance  

• A significant decreased level of depression (p=.048) and stress 

(p=.039) were found.  

• The group effect was significant for cognitive flexibility (p=.042) 

and selective attention (p=.047). 

• Significant increase in lower limbs (p=.05) and laterality (p=.041) 

were indicated as time effects. No significant differences were 

found for balance. 

•  Group effects for flexibility test (p=.049) and abdominal resistance 

(p=.037) were significant. 

Orangi et al. (2021) 1. Anxiety 

2. Depression 

3. Motor 

proficiency 

4. Cognitive 

ability 

1. The Child Anxiety 

Scale 

2. The Center for 

Epidemiological 

Studies Depression 

Scale (CES-D) 

3. The short form of 

Bruininks-Oseretsky 

Test of Motor 

• Within group difference reported for: anxiety (F=109.513, 

P=0.000, Ƞ2=0.768); depression (F=155.377, P=0.000, Ƞ2=0.825) 

and motor proficiency (F=80.190, P=0.000, Ƞ2=0.708). 

• Within group differences for cognitive ability: working memory 

(F=50.400, P=0.000, Ƞ2=0.604), perceptual reasoning (F=55.004, 

P=0.000, Ƞ2=0.625) and processing speed (F=60.520, P=0.000, 

Ƞ2=0.647). 
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Proficiency- 2nd 

Edition (BOT-2) 

4. The Wechsler 

Intelligence Scale for 

Children-Fourth 

Edition (WISC-IV) 

Jeyanthi et al. (2021) 1. Motor skills 

2. Physical 

fitness 

3. Attention 

1. Single leg triple hop 

test, seated medicine 

ball throw, nine-hole 

peg test  

2. Integrated physical 

fitness test 

3. Trail making test 

• Main effect: single leg triple hop (right leg)  F(1,20) = 13.49, p < 

0.05; single leg triple hop (left leg) F(1,20) = 7.87, p < 0.05; seated 

medicine ball throw F (1,20) = 5.30, p < 0.05; time effect F(1,20) = 

19.66, p < 0.05 and group x time interaction F (1,20) = 1.11, p < 

0.05.  

• Body composition: main effect F (1,20) = 7.3, p < 0.05.  

• Muscle strength: group x time effects for right hand F (1,20) = 

4.67, p < 0.05 and left hand F (1,20) = 8.67, p < 0.05.  

• For leg explosive power, interaction effect F(1,20) = 4.9, p < 0.05  

• Time effect for lower limbs (p=.05) and laterality (p=.041). 
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Study designs.  

The sample size ranged from 20 to 98. The total number of participants was 377 and the ages 

were between 5 and 14 years. In terms of diagnostic characteristic, in all included studies the 

participants were diagnosed with ADHD according to standard criteria, whereas in 7 studies 

(Benzing et al., 2018; Golubovic et al., 2014; Meßler et al., 2018; Orangi et al., 2021; Pan et 

al., 2019; Silva et al., 2019; Ziereis & Jansen, 2015) did not report the subtypes of ADHD.  

Correspondingly, the DSM-IV or DSM-V was commonly adopted by the studies’ clinicians 

or psychiatrists as the gold standard diagnostic instrument (Wiggins et al., 2019).  

 

Regarding the intensity, only three studies reported the intensity of the intervention as 

moderate to vigorous intensity physical activity (MVPA) (Chang et al., 2014; Meßler et al., 

2018; Torabi et al., 2018). Meanwhile, one of the studies did not state the specific intensity, 

only the contents of the intervention (Ziereis & Jansen, 2015). The remaining nine studies did 

not report the intensity (Benzing et al., 2018; Golubovic et al., 2014; Jeyanthi et al., 2021; 

O’Connor et al., 2014; Orangi et al., 2021; Pan, Chang, et al., 2017; Pan et al., 2019; Silva et 

al., 2019; Yazd et al., 2015). Studies did not report any objective measurements of PA 

intensity, such as from accelerometers. The frequency of interventions ranged from one to 

three sessions per week and one of the interventions was a one-time summer treatment 

program (O’Connor et al., 2014). The duration of the intervention lasted from 3 weeks to 12 

weeks, with each session ranging from 12 minutes to 90 minutes. Regarding the 

measurements of motor proficiency, five studies (O’Connor et al., 2014; Orangi et al., 2021; 

Pan, Chang, et al., 2017; Torabi et al., 2018; Yazd et al., 2015) adopted different versions of 

the Bruininks-Oseretsky Test (BOT) of Motor Proficiency, two studies (Meßler et al., 2018; 

Ziereis & Jansen, 2015) applied the Movement Assessment Battery for Children (M-ABC 2), 

one study (Chang et al., 2014) used the Basic Motor Ability Test-Revised (BMAT)  and one 
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study (Pan et al., 2019) used the Test of Gross Motor Development-2 (TGMD-2). 

Meanwhile, the remaining studies (Benzing et al., 2018; Chang et al., 2014; Golubovic et al., 

2014) used alternative motor tasks such as motor measuring tests, the Basic Motor Ability 

Test-Revised (BMAT) and a German Motor Test.  

 

Meta-analysis of effects on overall motor proficiency and each composite 

Ten studies were included in the meta-analysis after further screening the 12 studies included 

in the systematic review. The reason for excluding the two studies from the meta-analysis 

was insufficient statistical information (i.e., standard deviation and mean of the testing 

items). The only information included was the F value which was not sufficient for RevMan 

to generate the result for a meta-analysis.  

 

The meta-analysis included a total of 214 individuals with ADHD. Figure 3a presents the 

combined effect size for motor proficiency. The meta-analysis revealed a positive large 

intervention effect (SDM= 1.12, Z = 4.47, p < 0.01) on overall motor proficiency among 

children and adolescents with ADHD (95% CI [0.63 to 1.61], p <0.01) and substantial 

heterogeneity (2 = 44.8, I2 =80%, p <0.01). 

 

The six motor proficiency composites from the 10 studies were extracted and further 

analyzed. In these studies, all the motor proficiency composites were measured using the 

TGMD-2, BOT-2, and the relevant assessments. The detailed results are shown in Figure 3b. 

  

Locomotor. Three studies measured locomotor skills (Benzing et al., 2018; Golubovic et al., 

2014; Pan et al., 2019), and an overall medium effect was found (SMD = 0.32; 95%-CI [-

0.44,1.09]; p = 0.41). 
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Object control. Object control was measured in three of the included studies (Chang et al., 

2014; Meßler et al., 2018; Pan et al., 2019). The overall effect of PA interventions on object 

control was large (SMD = 1.26; 95%-CI [0.80, 1.73]; p < 0.01). 

 

Fine manual control. Two included studies measured fine manual control (Chang et al., 

2014; Pan, Chang, et al., 2017) with a large effect size (SMD = 1.19; 95%-CI [0.27, 2.10]; p 

= 0.01). 

 

Manual coordination. Manual coordination was measured in three studies (Meßler et al., 

2018; Pan, Chang, et al., 2017; Silva et al., 2019), and the analysis showed a large effect 

(SMD = 1.09; 95%-CI [0.04, 2.13]; p = 0.04). 

 

Body coordination. Six studies used body coordination as an outcome measure (Benzing et 

al., 2018; Chang et al., 2014; Golubovic et al., 2014; Meßler et al., 2018; Pan, Chang, et al., 

2017; Silva et al., 2019). The overall effect of the PA intervention indicated a medium effect 

size for body coordination (SMD = 0.47; 95%-CI [0.03, 0.91]; p = 0.04). 

 

Strength and agility. Four included studies (Benzing et al., 2018; Golubovic et al., 2014; Pan, 

Chang, et al., 2017; Silva et al., 2019) recorded strength and agility, however the analysis 

revealed no effect for this outcome (SMD = 0.68; 95%-CI [-0.36, 1.73]; p = 0.20). 
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Figure 3a. The combined effect size on motor proficiency. 
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Figure 3b. The effect size on each motor proficiency composites. 

  

Control                     Experimental 
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Discussion 

To the best of our knowledge, this study represents the first meta-analysis that examines the 

impact of physical activity (PA) interventions on motor proficiency in children and 

adolescents diagnosed with Attention Deficit Hyperactivity Disorder (ADHD). Motor 

proficiency plays a critical role in determining PA and fitness levels in children, which have 

been linked to executive functions and mental health (Pan, Chang, et al., 2017; Rigoli et al., 

2017; Rigoli et al., 2012; Stodden et al., 2008). Another strength of this review is that it 

comprehensively examines all six motor proficiency composites. Based on the findings from 

12 studies in the systematic review and 10 studies in the meta-analysis involving 413 

participants, this study concludes that PA interventions significantly enhance motor 

proficiency in children with ADHD, as compared to control conditions. Most of the motor 

proficiency composites show medium to large effects. This review corroborates earlier 

research by Vysniauske et al. (2020) and provides additional details on motor proficiency. 

Vysniauske et al. (2020) have indicated the positive effect of physical activity on the 

functional outcomes, including motor proficiency, in children with ADHD. Meanwhile 

current study focused only on motor proficiency and the results were aligned. 

 

The positive effects of physical activity (PA) on motor proficiency were observed in five out 

of six motor proficiency composites, including locomotor skill, object control skill, fine 

manual control, manual coordination, and body coordination.  These results are consistent 

with previous studies in the general population (Gallotta et al., 2018; Iivonen et al., 2013; 

Jones et al., 2020). These consistent results provide strong evidence to support the 

generalizability of the positive impact of PA on motor proficiency, regardless of whether 

individuals have ADHD or not. 
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The present review revealed that PA interventions did not have a significant effect on 

strength and agility in children and adolescents with ADHD, which contradicts the findings 

of  Golubovic et al. (2014). This inconsistency in the results may be partially explained by 

the difference in the duration of the PA intervention. In the current review, none of the 

included studies had a prolonged intervention lasting more than 12 weeks, whereas in the 

study by Golubovic et al. (2014), the intervention lasted for 6 months with one 60-minute 

session per week. Although some of the included studies reported a significant improvement 

in strength and agility, the overall effect was not significant when the studies were combined. 

 

We conducted a preliminary review of the intervention dosage due to the lack of reported 

data on the frequency of PA interventions from the included studies. Although there were no 

objective measures of physical activity in any of the studies, positive acute effects were 

reported for interventions ranging from 3 to 12 weeks in duration. O’Connor et al. (2014) 

even found significant positive effects on motor proficiency after a one-time summer 

program. In terms of intensity, it was impossible to reach any conclusions about the intensity 

needed to generate a positive effect of PA on motor proficiency because none of the studies 

included objective measures of physical activity. However, based on previous studies in the 

general population and the descriptions of the interventions provided in the studies included 

in the review and meta-analysis, it can be concluded that moderate-to-vigorous physical 

activity (MVPA) is beneficial to motor proficiency in children with ADHD. The intervention 

duration varied in the included studies, ranging from 10 minutes of high-intensity interval 

training (Torabi et al., 2018) to 90 minutes of a simulated developmental horse-riding 

program (Pan, Chang, et al., 2017). These findings highlight that various intervention 

durations can have a positive effect on motor proficiency in children with ADHD. 
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The present study highlights the significance of promoting regular physical activity (PA) in 

children with ADHD, particularly in Hong Kong. Landry and Driscoll (2012) investigated the 

correlation between inadequate PA and various health issues, including obesity and other 

chronic diseases, in the United States of America. Similarly, Huang et al. (2018) reported a 

similar situation in Hong Kong, with the children being less active than their American 

counterparts. Furthermore, Mercurio et al. (2021) found that children with ADHD were less 

physically active than typically developing children. This inactivity can have important 

implications for physical health and the development of motor proficiency. Consequently, the 

present study not only supports the positive impact of PA on children with ADHD but also 

emphasizes the need to enhance their participation in PA to improve their health outcomes. 

 

The review and meta-analysis presented in this study have certain limitations that need to be 

addressed. Firstly, some of the included studies lacked sufficient information to allow for 

further moderator analyses. Specifically, some studies only provided the overall score of the 

motor proficiency test without the individual scores for each composite. Despite sending 

emails to the corresponding authors of these studies, no responses were received. Secondly, 

the findings of this review are limited to children and adolescents with ADHD and cannot be 

generalized to adults with ADHD. Thirdly, the utilization of SMD, which emphasizes effect 

sizes, could lead to an overestimation of the actual effect. Hedge’s adjusted g would be a 

more suitable option, but it could not be generated by RevMan for meta-analyses that involve 

clinical populations with small sample sizes, as it contains a pooled standard deviation in the 

denominator and is error-corrected (Hartung et al., 2008). Lastly, the subgroup analyses 

included only a limited number of studies, resulting in wide 95% CI intervals. Therefore, the 

results of the meta-analyses lack precision, and their interpretation requires extra attention. 
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Conclusion 

Based on the systematic review and meta-analysis conducted on the effect of physical activity 

intervention on motor proficiency in children and adolescents with ADHD, it is evident that 

PA has a positive influence on the motor proficiency of this population. The findings reveal 

that five out of six motor proficiency composites were positively impacted by PA, despite the 

effect sizes being small. The current study provides strong evidence supporting the 

generalization of the positive effects of PA for all individuals, irrespective of whether they 

have ADHD or not. Furthermore, the results underscore the importance of promoting regular 

PA in children and adolescents with ADHD, particularly in regions like Hong Kong where 

inadequate PA has been linked to health problems. Nevertheless, the present study has some 

limitations, including insufficient information in some studies and the paucity of research in 

adults with ADHD. Future studies should address these limitations and investigate the 

optimal duration and intensity of PA interventions to enhance motor proficiency in this 

population. 
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Chapter 4: Examining the impact of physical activity on sleep quality in children with 

ADHD. 

 

Abstract 

The occurrence of sleep issues is commonly observed in children diagnosed with attention 

deficit hyperactivity disorder (ADHD). This study aimed to explore the influence of physical 

activity on the quality of sleep in young adolescents with ADHD. A total of 33 children, with 

an average age of 10.12 years, who had been diagnosed with ADHD, were divided randomly 

into two groups: an intervention group and a control group. The intervention group received a 

12-week jogging programme. Four specific sleep measures, including sleep efficiency, sleep 

onset latency, sleep duration, and wake after sleep onset, were evaluated before and after the 

intervention period for both groups. The results indicated significant interaction effects in 

sleep duration (F[1,31] = 7.67, p <0.01),  sleep efficiency (F[1, 31] = 6.28, p = 0.02), and 

sleep onset latency (F[1, 31] = 9.43, p = 0.004). These findings underscore the positive 

effects of physical activity in enhancing sleep quality among children with ADHD. 

 

Keywords 

attention deficit hyperactivity disorder, children, physical activity, sleep 
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Introduction 

Attention deficit hyperactivity disorder (ADHD) is one of the most common 

neurodevelopmental disorders diagnosed in children and young adolescence population and 

characterized by inattentiveness, hyperactivity and impulsivity (American Psychiatric 

Association, 2013). The core symptoms are frequently misinterpreted to irresponsibility, 

laziness, or being uncooperative among peers and may be persisted to adulthood. 

Consequently, a lower self-esteem, living quality and slower learning progression were 

commonly observed in the population (American Psychiatric Association, 2013). In addition 

to the above core symptoms, sleep problems is also very common among children with 

ADHD (Kirov & Brand, 2014; Meltzer & Mindell, 2006; Tandon et al., 2019). Numerous of 

studies have reported the substantial prevalence of sleep problems of 25-55% (Cortese et al., 

2009; Hvolby, 2015; Martin et al., 2019). Efron et al. (2014) have further presented that 62% 

of children with ADHD suffered from moderate to severe sleep problems and 22% of them 

accepted medication in Australia. Sleep-onset delay (SOD), bedtime resistance and night 

awakenings were the most frequently discussed sleep problems in children with ADHD 

(Cortese et al., 2009; Papadopoulos et al., 2019). The sleep problems in ADHD children 

population may also persist into adolescence and adulthood (Lunsford-Avery et al., 2016; 

Martin et al., 2019; Snitselaar et al., 2017). For instance, adults with ADHD may suffer from 

reduced sleep quality, increased sleep onset latency (SOL) and shorter sleep duration (SD) 

(Hvolby, 2015; Snitselaar et al., 2017). 

 

Previous studies specify that poor sleep can exacerbate the symptoms of ADHD, which 

correlated with behavioral and functional impairments (Hvolby, 2015; O'Brien, 2009; 

Papadopoulos et al., 2019). Furthermore, the sleep problems are often associated with 

insufficient daytime performance which impact on problematic behavior, unstable emotions 
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and slower learning progress (O'Brien, 2009). Even for adults with ADHD, the sleep 

problems were negatively related to academic functioning in college (Langberg et al., 2014) 

and driving performance (Bioulac et al., 2015). Considering that sleep is critical in brain 

development and symptoms presentation and prognosis (Lunsford-Avery et al., 2016), it is 

important to find the effective strategies to improve the sleep problems in children with 

ADHD.  

 

Pharmacological medication is one of the common therapies to remedy the sleep problems in 

the ADHD population (Hvolby, 2015). The application of pharmacological medication to 

enhance sleep quality in ADHD population is still controversial. Kratochvil et al. (2005) and 

McWilliams et al. (2022) have presented that the medication (e.g. melatonin and clonidine) 

could successfully promoted sleep in ADHD population. However, the use of medication 

could have a result to worsen of hyperactivity or behavioral difficulties at bedtime and lower 

daytime activity (Cortese et al., 2013; De Crescenzo et al., 2014). Without a promising 

conclusion in the application of pharmacological medication, the negative effect of the 

pharmacological therapy may be consequent to amplify the symptoms of ADHD and affect 

the daytime activity (Cortese et al., 2013; De Crescenzo et al., 2014). 

 

In the past decade, numerous of studies have presented the evidential benefits of physical 

activity on sleep quality in various of population (Wang & Boros, 2021). Hurdiel et al. 

(2017); Park (2014) indicated the positive effect of physical activeness to better sleep quality 

in typically developing (TD) adolescences population. For example, Greever et al. (2017) 

found that regular physical activity was associated with the reduced number of midnight 

awakenings and higher sleep fragmentation (Greever et al., 2017). Furthermore, Baldursdottir 

et al. (2017) presented the significant results in a 3-week acute walking programme to better 
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sleep quality in TD adolescents in Iceland. Moreover, Stone et al. (2012) suggested the higher 

rate of physical activity in children population would be easier to maintain a recommended 

sleep duration of 9 hours. Overall, the results of these previous studies well demonstrated that 

physical activity is beneficial in improving multiple facets of sleep quality among TD 

children and adolescents.  

 

This is the first randomized control trial to investigate the effect of physical activity on sleep 

quality in children with ADHD. Although Liang, Li, Wong, Sum, Wang, et al. (2021) have 

indicated the positive mediating effect of physical activity to sleep quality in the population, 

the cross sectional data might not be able to fully present the effect between variables. With 

the intervention, the findings would make an important contribution to the field and generate 

insight of clinical significance. Therefore, it is reasonable to clarify the potential application 

of physical activity as an alternative intervention to enhance sleep quality in children with 

ADHD.  

 

Previously, lacking studies with intervention have been completed in such population. Tse et 

al. (2019) has conducted a RCT study with a 12-week basketball intervention in sleep quality 

and cognition with the significant results in children with autism spectrum disorder. The 

study has shown the potential in physical activity that beneficial to sleep quality in children 

with neurodevelopmental disorder. Therefore, the objective of the current study was to 

investigate the impact of a physical activity intervention on sleep quality in children with 

ADHD. It was hypothesized that the intervention would have a positive effect on sleep 

quality in the purposed population. 
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Method 

Participants 

The study was approved by the ethics committee of the Education University of Hong Kong.  

Due to the limited related RCT study, the sample size might not be calculated by G* Power 

software (Faul et al., 2007). A total of 33 participants (26 boys and 7 girls) were successfully 

recruited from a local special school after the screening by a trained research assistant. There 

were four participants were reported with pharmacological medication background of 

dextroamphetamine and amphetamine. The prescription has been reviewed by one of the 

collaborators, who is a physician in pediatric, and confirmed no impact in sleep. The 

inclusion were as follows: i) age between 8 and 12 years; ii) a diagnosis of ADHD made by a 

physician based on the Diagnostic and Statistical Manual of Mental Disorders, 5th edition 

(American Psychiatric Association, 2013); iii) a non-verbal IQ above 40 as assessed by the 

Wechsler Intelligence Scale for Children (Bracken, 1993); iv) able to follow instruction; v) 

able to perform the requested physical intervention and vi) no prior training in jogging. The 

exclusion criteria were: i) having other medical conditions that restricted their physical 

activity, such as asthma, cardiac disease; and ii) having a complex neurological disorder, for 

instance, epilepsy, fragile X syndrome, tuberous sclerosis.  

 

Study design and procedures 

To investigate the effects of a 12-week jogging intervention on sleep quality in adolescents 

with ADHD, a randomized controlled trial was conducted. Jogging was chosen as the 

intervention based on previous studies that utilized walking programs, as jogging offers a 

higher intensity compared to walking (Spierer et al., 2011). Besides, previous studies have 

indicated the effects of jogging in children with ADHD in different parameters which 

presented the validity of jogging (Gapin et al., 2011; Ziereis & Jansen, 2015). The 
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participants were randomly assigned to either the intervention group (n=17, 14 boys and three 

girls, with a mean age of 9.82 ± 1.23) or the control group (n=16, 12 boys and four girls, with 

a mean age of 10.43 ± 0.96). Block randomization was implemented to ensure equal 

allocation ratios for both groups (Efird, 2011). A block size of five was used, with five 

participants assigned to each group for every 10 consecutive participants, while the remaining 

participants were randomly assigned to either the intervention or control group. The block 

randomization process was carried out by the primary researcher. Information regarding 

current medication was obtained from the participants' parents. 

 

Each participant underwent two one-week assessments to evaluate their regular sleep 

patterns. The first assessment (T1: baseline) was conducted before the intervention, while the 

second assessment (T2: post-intervention) took place immediately after the 12-week jogging 

physical activity intervention. The procedure of the study is illustrated in Figure 4.
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Figure 4. The flow chart of Chapter 4. 

 

Intervention group (n =17) 

Intervention group: 12 jogging sessions 

(one session per week; 45 min per session)  

One-week pre-

intervention assessment 
• Sleep log 

• Actigraphy 

assessment 

Screened and met criteria (n = 33)  

T1 

Randomized 

Control group (n=16) 

Control group: no intervention  

T2 

One-week post-

intervention assessment 
• Sleep log 

• Actigraphy 

assessment 

Block randomization 

(Block size of 5 were 

used (i.e. 5 in one group 

and 5 in the other group 

for every 10 

consecutively entered 

participants). 

Remainders were 

randomly assigned. 



 

 

 

49 

Intervention group. The intervention consisted of a 12-week jogging program conducted once 

a week, with each session lasting 45 minutes. The sessions took place in the morning at the 

school's gymnasium. The ratio of instructors to participants ranged from 1:3 to 1:2, 

depending on the attendance. The overall attendance rate was 97.06%. Participants were 

instructed to wear sportswear and sports shoes instead of their school uniform. Each 

intervention session followed a standardized format, which included three main activities: a 

10-minute warm-up, a 25-minute jogging exercise and a 5-minute cool-down period. The 

jogging exercise included varied posture and motor learning exercise, such as skipping, high 

knees and hopping on two feet into one foot. were provided during the jogging exercise 

section. A 5-minutes break would be given due to the response of the participants. Verbal 

compliments were reinforced to the efforts in learning of the participants for motivation. 

 

Control group. Participants assigned to the control group did not receive any jogging 

intervention. Additionally, during the period between the two measurements, participants 

were instructed to continue their normal daily routines without engaging in any additional 

physical activity or participating in any physical activity programmes. 

 

Measures 

The current study included four parameters to assess sleep: i) Sleep efficiency (SE), 

calculated as the actual sleep time divided by time spent in bed and presented as a 

percentage; ii) Sleep onset latency (SOL), which measures the time it takes to fall asleep and 

is presented in minutes; iii) Sleep duration (SD), presented in hours; and iv) Wake after sleep 

onset (WASO), which represents the duration of wakefulness after falling asleep and is 

presented in minutes. These parameters were measured using both a sleep log (Morgan et al., 

2007) and an actigraphy accelerometer (GTX3 model, ActiGraph, Pensacola, FL) (Tse et al., 
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2019; Wachob & Lorenzi, 2015). The selection of these parameters was based on their ability 

to effectively measure sleep behaviors and sleep quality in adolescents with ADHD (Moore 

et al., 2011; Mullin et al., 2011).  

 

Regarding the actigraphy assessments, all participants were instructed to wear the device on 

their non-dominant wrist continuously for seven consecutive days (from Monday to Sunday), 

with the exception of during baths. Non-wearing time was defined as a period of 60 

consecutive minutes with a tolerance of 2 minutes of sporadic movement (Wachob & 

Lorenzi, 2015). Invalid data were considered for the nighttime period (10 p.m. to 7 a.m.) if 

the wearing duration was less than 8 hours, and such data were excluded from the analysis. 

The Sadeh algorithm (Sadeh et al., 1994) was used to determine sleep onset and sleep offset. 

Participants' parents were involved in recording the sleep log and sleep patterns, which 

included bedtime, sleep start and end times, wake-up time, and sleep duration. The sleep 

pattern was reported in the sleep log throughout the assessment period (T1 and T2). 

 

Data analysis 

Statistical analyses were conducted using SPSS (version 28.0) for Mac (SPSS Inc., Chicago, 

IL, USA). The results are presented as mean values with standard deviations. The data entry 

process was performed by a research assistant who was unaware of the group assignments, 

ensuring blinding. A linear mixed model (LMM) was utilized to examine the effects of the 

intervention on sleep, considering all sleep parameters measured through the sleep log and 

actigraphy accelerometer. To evaluate the validity of the sleep log, Spearman's correlations 

were calculated to assess the relationship between the sleep log and actigraphy assessments 

for sleep efficiency (SE) and sleep duration (SD). However, the remaining parameters (wake 

after sleep onset [WASO] and sleep onset latency [SOL]) could not be measured 
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simultaneously by both the sleep log and actigraphy assessment, and thus, their validity could 

not be evaluated. Furthermore, a series of 2 (block: baseline vs. post) x 2 (group: intervention 

vs. control) repeated measures analyses of variance (ANOVAs) were conducted to analyze 

the effects of the intervention. Statistical significance was defined as a p-value < 0.05. 

 

Results 

Demographic data for the two groups are shown in Table 9.  

 

Table 9. Demographic statistics of participants of each group of Chapter 4. 

 
Intervention group 

(n =17) 

Control group 

(n =16) 

Gender 14 boys and 3 girls 12 boys and 4 girls 

Age (years) 9.82±1.24 10.44±0.96 

Weight (kg) 35.29±4.77 36.11±4.29 

Height (m) 1.37±0.09 1.36±0.09 

BMI (kg/m2) 18.87±2.38 19.64±2.78 

Medication (n) 

   Yes 

   No 

 

2 

15 

 

2 

14 

 

Actigraphy assessments.  

Table 10 has presented the linear mixed model of actigraphy in current study. For sleep 

efficiency, we found a significant time effect (F[1,31] = 10.68, p = 0.03) and no significant 

group (F[1, 31] = 0.12, p = 0.71) interaction effect (F[1,31] = 0.84, p = 0.37). In terms of 

wake after sleep onset, significant time effect (F[1,31] = 14.10, p <0.01) was examined. 

However, no significant group (F[1,31] = 0.32, p = 0.77) and interaction effect (F[1,31] = 

1.12, p = 0.30) were indicated. For sleep duration, significant group (F[1,31] = 7.64, p = 

0.01) and interaction effects (F[1,31] = 7.67, p <0.01) were found. Nonetheless, the time 
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effect (F[1,31] = 2.10, p = 0.89) was reported insignificantly. Follow-up tests revealed that 

the sleep duration of the control group (mean = 5.75, SD = 0.27) was significantly shorter 

than the intervention group (mean = 6.79, SD = 0.26) at T2 (t[15] = 3.20, p = 0.003). 

 

Table 10. Sleep parameters by actigraphy assessment of Chapter 4. 

Sleep parameters Intervention 

group (SD) 

Control group 

(SD) 

p-value (group 

effect) 

p-value 

(interaction 

effect) 

Sleep efficiency (%)    0.37 

T1 82.64 (11.58) 83.87 (5.96) 0.71  

T2 91.66 (8.30) 88.94 (8.26) 0.35  

p-value (time effect) <0.01 0.11   

Wake after sleep onset 

(min) 

   0.30 

T1 87.07 (54.59) 70.19 

(35.00) 

0.30  

T2 39.30 (45.22) 43.41 

(33.95) 

0.77  

p-value (time effect) <0.01 0.70   

Sleep duration (hour)    <0.01 

T1 6.72 (0.24) 6.91 (0.83) 0.59  

T2 6.79 (0.26) 5.75 (1.05) 0.01  

p-value (time effect) 0.89 <0.01   

 

Sleep log.  

Table 11 has presented the linear mixed model of sleep log in current study. For sleep 

efficiency, significant time (F[1, 31] = 10.07, p = 0.003), group (F[1, 31] = 5.77, p = 0.02)  

and interaction (F[1, 31] = 6.28, p = 0.02) effects were found. Follow-up tests revealed that 

the significant increase of sleep efficiency in the intervention group (mean = 95.64, SD = 

0.61) than the control group (mean = 91.46, SD = 0.86) at T2 (t[16] = -4.58, p < .001). For 

sleep onset latency, significant time (F[1, 31] = 9.86, p = 0.004) and interaction (F[1, 31] = 

9.43, p = 0.004) effects were found. Nonetheless, the group effect (F[1, 31] = 2.28, p = 0.14) 

was indicated. Follow-up tests revealed that the significant decrease of sleep onset latency in 

the intervention group (mean = 22.38, SD = 2.70) than the control group (mean = 39.4, SD = 
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2.76) at T2 (t[16] = 4.60, p <.001). For sleep duration, no significant time (F[1, 31] = 10.71, 

p = 0.26) was indicated. Moreover, insignificant interaction (F[1, 31] = 2.79, p = 0.11) and 

group (F[1, 31] = 0.47, p = 0.75) were found.  

 

Table 11. Sleep parameters measured by sleep log of Chapter 4. 

Sleep parameters Intervention 

group (SD) 

Control 

group (SD) 

p-value (group 

effect) 

p-value 

(interaction 

effect) 

Sleep efficiency (%)    0.018 

T1 91.08 (0.84)  91.99 (0.63) 0.75  

T2 95.64 (0.61) 91.46 (0.86) <0.01  

p-value (time effect) <0.01 0.65   

Sleep Onset Latency 

(min) 

   0.004 

T1 45.36 (4.44) 39.6 (4.56) 0.37  

T2 22.38 (2.70) 39.4 (2.76) <0.01  

p-value (time effect) <0.01 0.96   

Sleep duration (hour)    0.11 

T1 7.68 (0.29) 7.14 (0.30) 0.20  

T2 7.99 (0.23) 8.10 (0.24) 0.75  

p-value (time effect) 0.26 <0.01   
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Discussion 

Current study investigated the impact of physical activity intervention (a 12-week jogging 

program) on sleep quality in young adolescent with ADHD. The significant key findings of 

the interaction effect in sleep duration, sleep efficiency and sleep onset latency indicated the 

meaningfulness of physical activity in young adolescent with ADHD. 

 

To our best understanding, very limited RCT study of physical activity and sleep in ADHD 

young adolescent population was conducted previously. The current results have aligned with 

the study of Liang, Li, Wong, Sum, Wang, et al. (2021) that indicated physical activity had a 

key role in sleep quality in children with ADHD. One of the remarkable differences between 

Liang’s and current study was the setting of the study. In current study, it has been conducted 

as a RCT while Liang has presented the study with no physical activity intervention (Liang, 

Li, Wong, Sum, Wang, et al., 2021). Therefore, the physical activity intervention effect could 

not be measured by the study of Liang. It has been indicated that moderate to vigorous 

intensity physical activity (MVPA) conducted a significant effect in sleep onset latency and 

promoted better sleep quality (Kredlow et al., 2015; Liang, Li, Wong, Sum, Wang, et al., 

2021).  

 

In the current study, the intervention group displayed increased sleep duration, improved 

sleep efficiency, decreased sleep onset latency, and reduced wake after sleep onset compared 

to the control group. These findings were consistent across measurements obtained from both 

actigraphy and sleep logs. It is important to note that the subjectivity involved in completing 

the sleep log, which relies on parental observation, may introduce some variability in the 

results compared to the objective actigraphy measurements. The insignificant results of two 

measurements under the intervention group in sleep duration were similar to the study by 
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Kredlow et al. (2015). Kredlow et al. (2015) has shown the small-to-medium effect of regular 

PA to sleep duration which associated with the niche improvement of sleep duration in the 

intervention group in current study.  

 

The key findings in the study were the significant interaction effects in sleep duration, sleep 

efficiency and sleep onset latency in the young adolescent with ADHD. With the improved 

sleep parameters and quality, better daytime functions could be developed, and the severe 

behavioral related symptoms could be reduced (Becker, 2020; Konofal et al., 2010; Lee et al., 

2019). Furthermore, the poor sleep quality might have a persistency in the ADHD population. 

The poor sleep quality faced in childhood may influentially persist into adulthood (Diaz-

Roman et al., 2018; Scott et al., 2013). Therefore, current study not only indicated the effects 

of physical activity on improving the particular sleep parameters, but also encourage the 

population participates in a regular physical activity with moderate to vigorous intensity. By 

promoting the regular physical activity participation, the poor sleep quality persistency may 

be potentially reduced in the ADHD population. 

 

One of the possible explanations for the above findings is the secretion level of melatonin 

after physical activity in young adolescent with neurodevelopmental disorder (Lee et al., 

2014; Tse et al., 2018). Melatonin is a hormone that plays a crucial role in regulating the 

circadian rhythm and facilitating natural sleep onset and maintenance (Van der Heijden et al., 

2007). Typically, melatonin secretion rises shortly after darkness sets in, reaches its peak 

during the middle of the night, and gradually declines in the early morning hours (Weiss et 

al., 2006). The response of melatonin maintains a regular and normal circadian rhythm ad 

sleeping through the night. In the comparison with TD children and young adolescent, 

delayed secretion of melatonin was presented in the ADHD population and in the 
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consequence to insomnia (Heijden et al., 2005; Weiss et al., 2006). In order to regulate the 

melatonin level, long-term supplemental melatonin treatment is suggested as the remedy of 

insomnia in children and adolescents with ADHD over decades (Hoebert et al., 2009; Van 

der Heijden et al., 2007; Weiss et al., 2006). Previously, Montaruli et al. (2017) suggested the 

melatonin levels could be moderated by PA, especially the morning and the evening sessions 

could help adjusting the circadian rhythm.  

 

Similar study completed by Tse et al. (2018) in ASD children population, the RCT study has 

designed with a 12-week jogging intervention and suggested the regular PA interacted with 

the secretion of melatonin. As a result, improving the overall sleep quality. Nonetheless, the 

interaction between PA and the level of melatonin was still an unknown of current study due 

to no related biological sample, urine sample, has been collected from the participants. The 

effect of melatonin between PA and sleep remained uncertain in current study. Future studies 

examining the underlying mechanism of how PA affects overall sleep quality in children with 

ADHD are therefore warranted. 

 

Furthermore, the improvement of sleep quality would be beneficial to ADHD children and 

adolescent population, especially in daytime performance, cognition, behavioral problems 

and executive functions, for instance, reducing daytime dizziness (Gruber et al., 2012; Van 

der Heijden et al., 2007). Besides, persistent sleep disturbance might not only be influential in 

attention-related EF, but also associated with insomnia diagnosis (Armstrong et al., 2014; 

Carpena et al., 2022). Moreover, the sleep abnormalities might negatively related to the 

physical, emotional and behavioral impairment in the population (Wajszilber et al., 2018). In 

current study, the positive effect in PA to sleep has been evidential that PA could possibly be 

served as a nature remedy in improving sleep quality and reducing the associated problems 
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and impairments in young adolescent with ADHD. Therefore, future research is suggested to 

examine the potential relation between PA, sleep and executive function in young adolescent 

with ADHD. 

 

Despite highlighting the positive impact of PA on sleep quality in young adolescents with 

ADHD, it is essential to acknowledge a significant limitation. The researchers did not assess 

the baseline physical activity level, such as the duration of daily PA over a one-week period, 

and the participants' jogging skill level prior to randomization or as criteria for inclusion or 

exclusion. This omission raises concerns regarding the maintenance of similar physical 

activity and jogging skill levels between the two groups. Without proper control, it becomes 

challenging to determine the specific effects of the treatment. Future studies should 

incorporate these assessments at baseline to address this issue. Additionally, it is worth noting 

that the current randomized controlled trial (RCT) protocol was not published in advance. To 

enhance the validity and reliability of future similar studies, it is recommended to consider 

publishing the protocol beforehand. Furthermore, a longitudinal study is suggested to 

examine the long-term effect of physical activity on sleep quality in the ADHD population 

and reduce the poor sleep quality persistency across the lifespan. 

 

Conclusion 

The 12-week jogging program in the present study improved certain sleep quality parameters 

in children with ADHD. Physicians and educators might consider advocating regular physical 

activity to young adolescent with ADHD to reduce their symptoms in sleep disturbance. 
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Chapter 5: General Discussion 

The objectives of current study purposed to investigate the impact of physical activity 

intervention on motor proficiency and sleep problems in children with ADHD. The study 

completed with 3 original research articles and the linked connection of each article is 

discussed in the chapter. Moreover, the implication, future research direction and limitations 

are discussed. 

 

Current study investigated the impact of physical activity, motor proficiency and sleep 

problem in children with ADHD. Consist with the hypothesis, physical activity, motor 

proficiency, and sleep problems are interrelated in children with ADHD. Current study has 

demonstrated that physical activity can improve both motor proficiency and sleep quality in 

children with ADHD, leading to an enhancement in overall functioning. 

 

In general, the results of the study could generally respond to the research questions and 

hypothesis. First, the findings indicated the positive results of physical activity on motor 

proficiency. Despite the fact that Chapter 2 was not a RCT designed study, it presented the 

effect of physical activity on gross motor composites, including locomotor skills and object 

control skills. Due to the design of the instrument, the changes of fine motor skill could not 

be reflect in the study. Meanwhile, Chapter 3 synthesised and summarized the effect of 

physical activity on motor proficiency. It indicated with the effect size and showed the 

potential direction in designing physical activity programme to children with ADHD. 

Furthermore, Chapter 4 first presented the results that physical activity intervention were 

significant to sleep quality with particular parameters, including sleep duration, sleep 

efficiency and sleep onset latency. 
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Meanwhile, in Chapter 2, it was surprisingly observed the behavioural changes in children 

with ADHD. Since the behavioural and symptoms changes were not the initial variables of 

the study design. Therefore, the changes were only recorded by observation without a 

subjective instrument. Through the observation, the effect of physical activity on children 

with ADHD could not only limit to motor proficiency and sleep quality, but explore the 

behavioural and symptoms changes.  

 

5.1 The study sequences 

With the format of folio, the thesis has included three original studies to examine the research 

questions. This section discussed about the sequence of the studies. 

 

The first part of the thesis was a case study (Chapter 2) with a limited sample size (n=3) and 

conducted during the pandemic. As the first study of the thesis, the results of Chapter 2 

consolidated the direction of the thesis. Despite the sample size, the effect of physical activity 

positively enhanced the sleep quality and motor proficiency in children with ADHD. Without 

prior study, Chapter 2 provided evidence in constructing a randomized control trial in the 

coming chapter. 

 

Followed by Chapter 2, the systematic review and meta-analysis (Chapter 3) revealed the 

effect of physical activity on motor proficiency and the composites. The results of Chapter 3 

confirmed the effects of physical activity on motor proficiency and aligned with the results in 

Chapter 2.  

 

Lastly, Chapter 4 was a randomized control trial to examine the effect of physical activity on 

sleep quality in children with ADHD. Unlike Chapter 2, Chapter 4 applied both subjective 
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and objective instruments, PSQI and Actigraphy, for measuring the sleep quality. The 

significant results of the RCT confirmed the direction of the thesis direction. 

 

5.2 The Lifelong Physical Activity Model 

The thesis applied the Lifelong Physical Activity Model by Hulteen et al. (2018). It explained 

the potential lifespan contribution between movement skill development and physical health. 

In the chapters, it indicated the improvement of motor proficiency in children with ADHD 

resulting from the moderate to vigorous intensity physical activity intervention. Furthermore, 

the results aligned with the previous research in investigating the effect of physical activity 

on motor proficiency in children with ADHD (Pan, Chang, et al., 2017; Pan et al., 2019) and 

developed the foundational movement skills.  

 

In Chapter 2, the study designed with jogging as the intervention while Chapter 4 reviewed 

various of moderate to vigorous intensity physical activity, including aquatic training and 

table tennis. The types of physical activity included as both traditional and non-traditional 

foundational movement skills in the model. The findings in the above chapters indicated the 

significant effects of moderate to vigorous physical activity on motor proficiency. 

Consequently, it could fill the proficiency barrier in the model and encouraged the 

specialized movement skills development in the population. The improved foundational 

movement skills and specialized movement skills may contribute to promote a “lifetime of 

physical activity” in children with ADHD which may foster their physical health. 

 

Previously, research indicated the limited physical activity in the ADHD population and lead 

to a potential risk in physical and mental health (Björk et al., 2018; Ogrodnik et al., 2023). 

Based on the model, the results of current studies were evidential in a bi-directional effect in 
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physical activity and motor proficiency. Through the regular physical activity participation, 

the motor proficiency would be enhanced. With the improvement, the proficiency barrier was 

reduced, help fostering the specialized movement skills, and promote lifetime physical 

activity (Hulteen et al., 2018). Although the thesis was limited with no longitudinal study, the 

12-week physical activity intervention and the results in the systematic review (Chapter 3) 

have well-documented in the potential of regular physical activity that could benefit to the 

motor proficiency development.  

 

5.3 Physical activity, motor proficiency and sleep problems in children with ADHD 

Chapter 2 and 3 conducted with the focus on motor proficiency with the results that aligned 

with previous research by different scholars that physical activity interventions were 

beneficial in motor proficiency in children with ADHD (Kosari et al., 2013; Pan, Chang, et 

al., 2017; Pan et al., 2019; Ziereis & Jansen, 2015). Other than indicating the specific motor 

proficiency composites, Chapter 3 also suggested weekly moderate to vigorous intensity 

physical activity in 45 – 60 minutes to children with ADHD. With the meaningful results, the 

potential physical activity prescription for children with ADHD was disc 

 

Based on the previous chapters and studies, the case study of Chapter 4 has shown the 

possible impact of physical activity on motor proficiency and sleep problems. Moreover, 

Chapter 4 summarized the positive effects of physical activity in both motor proficiency and 

sleep problems. With a 12-week moderate to vigorous intensity physical activity intervention 

(i.e. basketball), the results of the RCT revealed the tendency of physical activity impact on 

motor proficiency and sleep problems in children with ADHD. The consisted findings with 

the study by Tse et al. (2019) and results of Chapter 4 revealed that PA is beneficial to reduce 

sleep problems not only in children with ASD, but also with ADHD.  
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The interconnection between motor proficiency and sleep problems in the treatment of children 

with ADHD is of utmost importance since the factors can mutually affect each other and impact 

the overall well-being of the population (Li et al., 2021; Liang, Li, Wong, Sum, Wang, et al., 

2021). Previous studies have emphasized the significance in considering both the motor 

proficiency and sleep problems in the children with ADHD (Liang, Li, Wong, Sum, Wang, et 

al., 2021; Papadopoulos et al., 2019), which consist with the findings of Chapter 4. 

 

From the previous two chapters, the interconnection between motor proficiency and sleep 

problems in children with ADHD can be discussed as the followings. Sleep problems, such as 

insomnia, are common in children with ADHD. It can worsen motor proficiency difficulties. 

Poor sleep quality could result in fatigue and lack of focus, making it difficult for children 

with ADHD to engage in physical activity and practice their motor skills (Cortese et al., 

2013). Moreover, sleep problems are common in children with ADHD, and can exacerbate 

difficulties with motor proficiency. Poor sleep can result in fatigue and lack of focus, making 

it difficult for children with ADHD to engage in physical activity and practice their motor 

skills (Cortese et al., 2013). Furthermore, anxiety and hyperactivity, common symptoms of 

ADHD, can also contribute to sleep problems in children with the disorder (Cortese et al., 

2013). 

 

Addressing the motor proficiency and sleep problems is crucial for optimizing the non-

pharmacological treatment outcomes. In current study, chapters targeted on motor 

proficiency have been shown to improve motor abilities (Liu et al., 2023). The possible 

implications is discussed in next session. 
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5.3 The underlying mechanism of the effects of physical activity in motor proficiency 

In terms of motor proficiency, one of the possible key factors of the effect of PA in motor 

proficiency mainly related to neuroscience. Dahan et al. (2018) has stated the motor 

regulation process and the positive result in the electroencephalogram (EEG) to prove the 

effects of PA while Pan et al. (2019) suggested the effects of physical activity may foster 

brain health. Furthermore, Lojovich (2010) and Knaepen et al. (2010) have outlined the 

neurological impacts of exercise, which involve the elevation of brain-derived neurotrophic 

factor. These combined factors appear to play a role in promoting cell growth and neural 

adaptability, which suggested by Halperin et al. (2012). 

 

Besides, cognition and EF are the possible underlying mechanism which suggested by 

previous studies (Den Heijer et al., 2017; Pan et al., 2019). Engaging in physical activity has 

been shown to have beneficial effects on cognitive function, encompassing areas such as 

attention, memory, and executive functions (Hillman et al., 2008; Tomporowski, 2003). 

These cognitive processes are integral to motor proficiency, as they aid in motor planning, 

sequencing, and the capacity to adjust movements in response to environmental changes. 

Through its positive impact on cognitive function, physical activity indirectly promotes the 

development and execution of motor skills, facilitating overall motor proficiency. 

 

Nonetheless, the specific interaction between physical activity and EEG and cognition could 

not be clarified in the current study, due to the absence of biological samples from the 

participants. Therefore, the underlying mechanisms between physical activity and motor 

proficiency remains uncertain.  
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5.4 The underlying mechanism of the effects of physical activity in sleep problems 

Previously, the secretion level of melatonin after physical activity in children with 

neurodevelopmental disorder one of the possible explanations in improving sleep problems 

form the above findings (Lee et al., 2014; Tse et al., 2018). Melatonin, a hormone that plays a 

vital role in regulating the body's internal clock and promoting natural sleep onset and 

maintenance, exhibits distinct patterns of secretion throughout the night (Van Der Stigchel et 

al., 2007). Typically, melatonin levels rise shortly after darkness sets in, peak during the mid-

night hours, and gradually decline during the early morning (Weiss et al., 2006).  

 

To address this issue, long-term melatonin supplementation has been recommended as a 

treatment for insomnia in children and adolescents with ADHD over extended periods of time 

(Hoebert et al., 2009). Additionally, previous studies by Montaruli et al. (2017) have 

suggested that physical activity, particularly morning and evening sessions, may help regulate 

melatonin levels and facilitate adjustment of the circadian rhythm. In a study conducted by 

Tse et al. (2018) on children with autism spectrum disorder (ASD), a 12-week physical 

activity intervention was implemented, indicating a positive correlation between regular 

physical activity and melatonin secretion, resulting in improved sleep quality.  

 

However, the specific interaction between physical activity and melatonin levels could not be 

determined in the current study, as no biological samples, such as urine, were collected from 

the participants. Therefore, the relationship between physical activity, melatonin, and sleep 

effectiveness remains uncertain. The current study, Chapter 3 and 4, provides evidence 

supporting the positive impact of physical activity on sleep quality, suggesting that physical 

activity could serve as a natural intervention to improve sleep quality and reduce associated 

problems and impairments in young adolescents with ADHD.  
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5.5 Implications  

There are numerous of implications that can be advocated with the previous results. The 

series of studies highlight the positive significance of promoting regular physical activity in 

children with ADHD under different circumstances.   

 

By considering both motor proficiency and sleep problems in children with ADHD, 

healthcare professionals and educators can provide a comprehensive and personalized 

approach to address the uniqueness of the children. For example, to provide additional extra 

curriculum activities related to physical activity to the population after school. The 

combination of physical activity and sleep hygiene practices, children with ADHD may 

experience an improved motor proficiency and better sleep patterns. The holistic approach 

ensures that the child's motor proficiency and sleep patterns are optimized and leading to an 

improved overall functioning and well-being. 

 

Based on the results of the above chapters, a specific dosage and frequency of physical 

activity prescription could be recommended to children with ADHD. In the previous chapter, 

pharmacological medication and physiotherapy are the common treatments in children with 

ADHD which may become one of the financial burdens. Additionally, the study has provided 

evidence in promoting regular physical activity in children with ADHD. Refer to the previous 

results in the study, an additional weekly moderate to vigorous intensity physical activity 

participation, with the duration of 45 - 60 minutes, encourage the improvement in motor 

proficiency and sleep quality in children with ADHD. The design of the activity could both 

focusing on the motor proficiency development and social interaction.  
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In terms of the type of physical activity, with the support of the Lifelong Physical Activity 

Model (Hulteen et al., 2018), the physical activity programme can target on the foundational 

motor proficiency first, such as running, kicking, and swimming. Thus, in school setting, the 

conventional training could already be beneficial to the motor proficiency in children with 

ADHD. 

 

Since traditional motor skills could help developing the specialized motor skills then 

promoting lifetime physical activity, parents and educators are recommended to deliver to 

physical activity program with the traditional motor skills first. The physical activity could be 

as simple as cycling and swimming, which have less restrictions and easy to implement. 

Afterward, specialized motor skills can be the target of the physical activity programme to 

consolidate the motor skills required in a sport. For instance, after the child learn how to kick 

the football, he could learn passing and shooting as the next stage of the physical activity 

program. The progressive learning process could consolidate the foundational motor 

proficiency into specialized motor proficiency, then promote a lifelong physical activity in 

the ADHD population. 

 

The results showed the evidence in advocating additional physical activity programme 

regularly, which can be organized by schools, parents or even activity groups. 
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Chapter 6: Conclusions 

In conclusion, the systematic review and meta-analysis suggest that physical activity 

interventions have a positive impact on motor proficiency in children and adolescents with 

ADHD. The following chapters also indicate that physical activity can improve sleep quality 

parameters in children with ADHD. These findings support the promotion of regular physical 

activity in individuals with ADHD, emphasizing its importance for overall well-being. 

However, the study has limitations, such as the niche sample size and a lack of research in 

adolescents and adults with ADHD. Future studies should address these limitations and 

explore optimal duration and intensity of physical activity interventions. Larger sample sizes 

and randomized controlled trials are needed to further investigate the benefits of physical 

activity intervention in this population. 

 

6.1 Future directions 

Present study examined the effects of physical activity in motor proficiency and sleep 

problems in children with ADHD. The following future directions are suggested in exploring 

the maximal effect of physical activity in children with ADHD. 

 

First, the future research is suggested to examine the mediate or moderate the effects of 

physical activity, motor proficiency and sleep quality in children with ADHD. Previously, a 

study by Liang, Li, Wong, Sum, Wang, et al. (2021) has presented the positive mediating 

effect of sleep to executive functions. Similar model can be designed for motor proficiency 

and sleep quality. Moreover, future study can explore whether factors such as cognitive 

function, executive functioning, or psychosocial variables mediate or moderate the effects of 

physical activity on these outcomes. Through the mediating analysis, a theoretical model in 

the effects of physical activity can evaluate whether the proposed theoretical framework 
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adequately explains the observed relationships so as to maximise the effect of physical 

activity and promote well-being and better quality of life in the ADHD population. 

 

Second, the longitudinal studies are suggested in examining the long-term effects of physical 

activity on motor proficiency and sleep quality in children with ADHD. The longitudinal 

study would allow observation in the outcome changes over time and assess the sustainability 

of the benefits of physical activity. By collecting data at different stages of development, the 

natural trajectory of these outcomes can be captured and determined how physical activity 

may influence these changes. Moreover, the longitudinal design enable the investigation of 

the effects of physical activity on motor proficiency and sleep quality persist or diminish over 

time. 

 

Third, other than motor proficiency and sleep quality, behavioural and ADHD symptoms 

could be one of the future directions. By analysing the effects on the above mentioned 

variables, it helps completing the model of physical activity in children with ADHD. 

Although some of the current studies investigated the direct relationship of the variable and 

physical activity, limited study has specifically focus on the problems faced by the ADHD 

population and examine the moderating effect of each variables. 

 

Forth, studies in examining the underlying mechanisms of the effect of physical activity on 

motor proficiency and sleep quality are necessary for clarification and maximization the 

effect physical activity. By understanding the underlying mechanisms, a more specific 

physical activity programme and prescription can be designed. Moreover, studying the 

underlying mechanisms of the effect of physical activity on motor proficiency and sleep 

quality can also contribute to the development of complementary interventions. For example, 
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if research reveals that physical activity improves motor skills through enhanced neural 

plasticity, interventions such as cognitive training or sensory integration therapy could be 

combined with physical activity programs to further enhance motor proficiency.  

 

Other than the Lifelong Physical Activity Model, one of the future directions recommended 

was constructing a theoretical framework to connect physical activity, motor proficiency and 

sleep quality in children with ADHD. There was no theoretical framework connecting the 

above variables in both TD and ADHD population. By constructing the theoretical 

framework, the connection of the above variables could be well explained and deeply 

understand the effect of physical activity. 

 

6.2 Limitations  

There were some limitations in the study that should be aware. In Chapter 2, there is a lack of 

objective measurement of sleep quality. The sleep quality only recorded by the parents-

reported PSQI without objective instrument (i.e., the Actigraphy). Furthermore, the 

researchers did not assess the initial physical activity level and jogging skill of each 

participant before randomization, which could have ensured that both groups had similar 

daily physical activity and jogging skill levels. This lack of control makes it challenging to 

determine the true effects of the treatment. To address this issue, future studies should 

include baseline assessments to account for these factors.  

 

In Chapter 3, the insufficient information of the included studies was an obstacle in 

conducting a moderating analysis. Meanwhile, part of the studies only reported the overall 

score of the motor proficiency test, instead of the individual scores for each composite. 
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Moreover, due to the limitation of RevMan, the utilization of SMD may overestimate the 

actual effect while Hedge’s adjusted g would present a more precise result.  

Additionally, the intervention protocols in Chapter 2 and 4 were not published in advance, 

and it is suggested that future studies of a similar nature should consider publishing the 

protocol beforehand to enhance the study's validity and reliability. Due to the pandemic, the 

sample of size of Chapter 2 was niche and only allowed to conduct a case study. 
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