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Abstract: Objective: Sleep-wake disorders is a common disease in children and adolescents. 

In recent years, there has been an increasing number of studies on the intervention of exercise 

therapy in sleep-wake disorders. This study aims to systematically review the development 

status, research frontiers, research hotspots and development trends of exercise therapy in the 

through bibliometric methods. Methods: The data comes from the Web of Science Core 

Collection database. Select all the original data from the establishment of the database to 26 

April 2024. Summarize the external characteristics of the literature through Web of Science, 

Use Excel 2021, Origin 2021, VOS viewers 1.6.20 and Cite Space 6.3.R1 to visually analyze 

countries/regions, institutions, journals, authors, co-cited references and co-occurrence 

keywords, use the bibliometric online analysis platform (https://bibliometric.com/) to analyze 

the changes of keywords and extended keywords over the years. Results: We received a total 

of 775 publications. The works were sourced from 1429 institutions in 75 countries/regions, 

published in 113 journals, and written by 4332 authors. The number of publications peaked in 

2012, 2018, 2019 and 2021 respectively. In the United States, Harvard University and Children 

(Basel) have the highest number of publications in this field. The analysis of co-cited references 

shows that there are three main research frontiers in this field, including 24-hour exercise 

behavior guidelines for children and adolescents, COVID-19 lockdown and cardiometabolic 

risk. Screen time, mental health, validity, depression, guidelines, stress, and mediterranean diet 

are still the current research hotspots in the field, and may become potential research hotspots 

in the future. Conclusion: The development of research in the field of exercise therapy for 

children and adolescents with sleep-wake disorders is relatively slow, and there is still a lack 

of cross-regional scientific research collaborations between countries/regions, institutions and 

individuals. Our research suggests that it may be a worthwhile research direction to promote 

the establishment of healthy lifestyle behaviors in the gathering environment of children and 

adolescents, formulate targeted policies for disease prevention, diagnosis and management, 

strictly implement preventive measures, improve the level of diagnosis, and dig deep into the 

precise treatment plan of diseases. 
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1. Introduction 

Sleep-wake disorders is common in children and adolescents, and the clinical 

manifestations include disturbed sleep, difficulty falling asleep, nocturnal awakenings, 

bruxism, bedwetting, and insomnia, etc. (Breda et al., 2023). Sleep is essential for 

children/adolescent’s health and well-being, and have a bidirectional relationship with 

pediatric medical and mental health disorders (Baddam et al., 2024). For example, the 

most common sleep-wake disorder in children with atopic dermatitis has been 

suggested to be associated with subsequent neuropsychiatric disorders (including 

depression, anxiety, and inattention) (Fishbein et al., 2021) and higher nighttime sleep 

quality in infancy has been associated with higher speech ability and IQ in middle 

childhood (Finkel et al., 2024). Poor sleep behaviors (e.g., daytime sleepiness and 

insomnia) in children and adolescents have also been shown to be significantly 

associated with anxiety, hyperactivity/hyperactivity/ADHD/inattention (Fulfs et al., 

2024), and that sleep duration, quality, and insomnia among college students are 

broadly associated with suicidal thoughts and behaviors (Tubbs et al., 2023). 

In addition, it has been suggested that sleep-wake disorders in 

children/adolescents with sleep-wake disorders, neurodevelopmental disorders, and 

disabilities may be associated with neurocognitive deficits and growth failure (Thabet 

et al., 2023), and that sleep-wake disorders in children with epilepsy (CWE) may be 

associated with a higher risk of memory impairment (Hoyer et al., 2024), as well as 

poor sleep quality, severe depression (Yücel et al., 2023; Carroll et al., 2024), and 

lower self-efficacy (Carroll et al., 2024) in their mothers. It is also emphasized that 

early recognition and intervention will help reduce the frequency of seizures and the 

risk of suicide (Roliz et al., 2022). In particular, sleep-wake disorders vary 

significantly in the clinical presentation of enuresis and nonurisis in children and 

adolescents, and it is also a risk factor for obesity in children and adolescents 

(Fernandes et al., 2023) and dental caries (Arroyo et al., 2023). 

However, it has also been suggested that the sleep quality of infants and young 

children is not related to the presence or absence of psychiatric disorders in childhood 

(Pease et al., 2023), and it has been noted that the incidence of sleep-wake disorders 

in adolescents caused by anxiety syndrome has not improved significantly in the past 

20 years (Xu et al., 2023). Other studies have highlighted that children and adolescents 

with sleep-wake disorders are often overlooked by their parents and health care 

professionals (Cha et al., 2022), especially complex syndromes of sleep-wake 

disorders that are missed by pediatricians or rehabilitation physicians, affect early 

diagnosis and management, and are closely related to social and individual health care 

burdens (Hulst et al., 2020; McDonald et al., 2019). 

Currently, the treatment of children and adolescents with sleep-wake disorders 

includes medications, surgery, and psychology, et al. (Mingli, 2015). The study 

concluded that: Prolonged sleep duration may improve emotional and behavioral 

problems in rural preschool female children whose mothers have less education (Liu 

H et al., 2023), early detection and intervention in children and adolescents exposed 

to adverse environments is key to reducing the incidence of adverse behavioral and 

emotional problems and improving academic performance (Qu et al., 2024), and the 

use of wearable digital technology products can help to detect or screen children for 
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attention-deficit/hyperactivity disorder and sleep problems early (Kim et al., 2023), 

Focusing on and preventing cyberbullying in adolescent digital media education and 

counseling is an effective intervention strategy for early sleep-wake disorders (Nagata 

et al., 2023). However, the above methods have a long course of treatment, with many 

uncontrollable factors, uncertain clinical efficacy, and easy drug dependence (Kim et 

al., 2023; Liu et al., 2023; Mingli, 2015; Nagata, et al., 2023; Qu et al., 2024). In 

particular, 12.0%–37.6% of children are still at risk of developing sleep-wake 

disorders (Fang et al., 2023), 25%–50% of children have sleep difficulties (Navarro et 

al., 2022), 31.1% of adolescents have insomnia, and more than half of them will persist 

insomnia (Fernandez et al., 2021). Therefore, it is important to explore the optimal 

prevention and treatment options for this disease. 

With increased social pressure, academic load, and the proliferation of electronic 

devices, children and adolescents with sleep-wake disorders are becoming more 

prominent (Angelillo et al., 2024; Schmickler et al., 2023), and educational 

interventions are needed to promote healthy sleep behaviors and limit screen time 

(Liebig et al., 2023). It has been found that exercise therapy improves sleep quality by 

releasing stress and reducing anxiety and depression symptoms in a relaxed and fun 

way (Liu, 2023; Tang et al., 2024). Children and adolescents with sleep-wake 

disorders is an important sub-discipline of exercise therapy, which has attracted more 

and more attention from scholars in recent years. Although the number of publications 

in this field has been steadily increasing, there have been no reports of quantitative 

and qualitative analysis of the field using bibliometric methods, which poses a bit of 

challenges to the prevention, diagnosis and treatment of the disease. 

To increase the awareness of the disease among paediatricians and other health 

care providers, to improve the rate of early diagnosis and to improve management 

strategies. Based on all the relevant literature in the Web of Science core collection 

database, this study aims to systematically sort out the research frontiers, hotspots and 

development trends in the field through visual analysis, and visually display them by 

the method of scientific knowledge graph. It is expected to provide a reference for 

follow-up research. 

2. Materials and methods 

The data (see Figure 1) comes from the Web of Sciences Core Collection 

database. Excluding the search date (26 April 2024) and research direction 

(Pediatrics), the subject headings, selection and exclusion criteria, search methods, 

research tools, data analysis methods, and result judgment criteria of the paper search 

were the same as those in the previous research of our group (Li et al., 2022; Mi et al., 

2023; Zhang et al., 2023). 
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Figure 1. Literature screening flowchart. 

3. Results 

3.1. Analysis of paper distribution and cited characteristics 

A total of 775 papers were obtained. Among them, Toni et al. (1976) pointed out 

that stunting in children is associated with insufficient physical activity and sleep 

quality, and was the first publication in this subject area, and was the first publication 

in this subject area. Both were 0 papers from 1977 to 1989, and 119 papers were 

embryonic from 1990 to 2011. The papers in this group were cited 21,410 times, with 

an H-index of 70, of which 0 times from 1976 to 1990. In addition, there was a steady 

upward trend in the number of papers published and the frequency of citations from 

1990 to 2024 (Figure 2A), which also showed peaks in 2012, 2018, 2019, and 2021, 

suggesting that these points may be key years for the publication of seminal literature. 

Our research also found that the number of papers published in this field and the total 

number of citations will increase rapidly over the next five years (Figure 2B,C). 

Our results support the correlation between peaks and seminal publications. In 

2012, Gopinath et al. (2012) found that adolescents who participated in regular 

physical activity had significantly higher health-related quality of life scores than 

adolescents who were sedentary for screen viewing activities (cited 153 times), and 

Kalak et al. (2012) showed that running for 30 minutes on a weekday morning for 

three weeks significantly improved sleep quality in adolescents, and emphasized the 

promotion of regular physical activity (135 times). In 2018, Walsh et al. (2018) 

demonstrated that meeting the 24-hour exercise recommendation was associated with 

superior overall cognition in adolescents, again emphasizing the importance of 

limiting recreational screen time for healthy sleep (130 times). In 2019, Viner et al. 

(2019) also showed that preventing cyberbullying and strengthening resilience, as well 

as maintaining adequate sleep and appropriate physical activity, are beneficial to the 
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physical and mental health of young people in the UK. In 2021, a study by Masi et al. 

(2021) showed that telemedicine can help address worsening neurodevelopmental 

disorders, mental health symptoms, and poor diet, sleep, and exercise patterns in 

children. 

 
(A) 

 
(B) 
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(C) 

Figure 2. (A) The distribution and citation frequency characteristics of papers in the 

field of sleep and wake disorders in children with exercise intervention; (B) and (C) 

the forecast of development trends in the next five years. 

3.2. Country/region and institutional analysis 

775 papers were submitted from 75 countries/regions and 1429 institutions. The 

United States (Figure 3A) and Harvard University had the highest number of papers 

published, with Australia (0.27), Spain (0.27), the University of California System 

(0.11) and the Boston Children’s Hospital (0.11) having the highest academic impact 

(Figure 3B). The map shows that the U.S. crossings are numerous and thick, working 

closely with countries such as China, the United Kingdom, and Brazil, and Australia 

working closely with countries such as Switzerland and Iran. Their main study has 

identified the potential effects of the lunar cycle on human sleep and activity behavior 

(Welsh, 2016), and their latest study suggests that adherence to 24-hour exercise 

behavior guidelines may be associated with reduced cognitive and social difficulties 

in children and adolescents with attention-deficit/hyperactivity disorder (Taylor et al., 

2023). Harvard University has close collaboration with Harvard Medical School and 

Pennsylvania Commonwealth System of Higher Education (PCSHE), and the 

University of California System has partnered with McMaster University and 

University of Toronto has a close collaboration. Their representative findings have 

found that significantly higher than expected weight gain in pediatric patients with 

obstructive sleep apnea who underwent early adenotonsillectomy emphasizes nutrition 

education and weight monitoring, as well as encouragement of physical activity in 

children postoperatively (Katz et al., 2014). Their recent study suggests that adherence 

to 24-hour exercise behavior guidelines in children and adolescents significantly 

reduces the risk of subsequent overweight and obesity (Huang et al., 2023). Besides, 

the results of funding agencies in this area show that the U.S. leadership in this area is 

closely related to its strong economic base and support. In conclusion, all of these 

countries and institutions play an important role in scientific research cooperation in 

this field, but the research development between them is uneven. 
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(A) 

 
(B) 

Figure 3. (A) Graph of the country/region of papers in the field of exercise intervention of children and adolescents 

with sleep-wake disorders; (B) scientific research co-authorship network and institutional co-authorship map. 

3.3. Analysis of co-cited journals and highly cited papers 

A total of 775 papers have been published in 113 academic journals, with the 

largest number of papers published in Children (Basel, 61), Pediatr Obes (43) and 

Pediatrics (42, Supplementary Table S1). Among the top 12 highly cited papers in the 
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world, 24-hour exercise behavior guidelines for children and adolescents related to 

cognition, social difficulties, poor diet, sleep disorders, mental health, telemedicine, 

screen time, etc. (Supplementary Table S2). 

3.4. Author and co-cited author analysis 

The 775 papers were co-authored by 4332 authors, and the number of papers 

published by Olds T, Tremblay MS and Chaput JP et al. was the largest, Tremblay 

MS, Chaput JP and Cole TJ et al. were the most concerned, and Carskadon MA, Ogden 

CL and Kahn A et al. had the highest academic impact (Supplementary Table S3, 

Supplementary Figure S1A,B). The spur analysis suggested that Poitras VJ, Saunders 

TJ, Guthold R, and Moore SA were currently active high-impact authors. 

3.5. Co-cited reference analysis explores research frontiers and 

evolutionary paths 

A total of 24,741 references were cited in 775 papers. The contours of the 12 

visible clusters in the co-cited reference cluster map we drew (Figure 4A) are well 

structured and have high internal homogeneity (Q = 0.8795, S = 0.9219), which 

constitute the six main research trends. 1st: primarily involving 24-hour exercise 

behavior guidelines for children and adolescents and COVID-19 lockdown and 

cardiometabolic risks (#0, #2, #3). 2nd: involving obesity in children and adolescents 

and physical activity and media (#1, #10, #15, #26). 3rd: studies of lifestyle and sleep 

duration, such as physical activity, sedentary behavior, and eating habits of 

adolescents (#4, #8). 4th: Key findings that active early morning physical activity is 

associated with happier children (#12). 5th: studies primarily concerned with physical 

activity and nerve injury (#11). 6th: Studies primarily concerned with disease and 

sleep (#31). As of now, the main research frontiers in this field are the study of 24-

hour exercise behavior guidelines and cardiometabolic risk in children and 

adolescents, and mechanisms that induce sleep-wake disorders (#0, #1, #3, #31). In 

addition, Figure 4B shows that: the adverse lockdown effect may have a lasting 

impact on the level of obesity in children or adolescents (Pietrobelli et al., 2020), and 

in line with the global trend of insufficient physical activity among adolescents 

(Guthold et al., 2020), the World Health Organization (WHO) developed guidelines 

on physical activity and sedentary behavior in 2020 (Chaput et al., 2020), and screen 

time restriction is associated with improved obesity, unhealthy diet, depressive 

symptoms, and quality of life (Schmidt et al., 2020), related to the current research 

frontiers. 
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(A) 

 
(B) 

Figure 4. (A) Cluster map; and (B) timeline diagram of co-cited references in the field of exercise intervention in 

children with sleep-wake disorders. 

 

3.6. Keyword co-occurrence analysis explores research hotspots 

We extracted a total of 2787 co-occurrence keywords. Among them, the co-

occurrence frequency of physical activity, children and adolescents ranked the top 3, 

and the academic influence of children, exercise and adolescents ranked the top 3 

(Supplementary Table S4). The evolution process of the 18 visible clusters from warm 
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to cool in Figure 5A reflects the development process of the research hotspots in the 

subject area from near to far in time, and the research content involved in the red 

clustering clusters represents the current research hotspots, such as: obesity, 

overweight, health, sedentary behavior, sleep duration, screen time and validity et al. 

Besides, we conducted a burst analysis of the keyword co-occurrence network graph, 

and found that screen time, health indicators, mental health, validity, depression, 

guidelines, stress, and mediterranean diet are still research hotspots in this field 

(Figure 5B), which together reflect the research trend in the field and may become 

potential research hotspots in the future. 

 
(A) 
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(B) 

Figure 5. (A) Keyword co-occurrence map; (B) burst map in the field of sleep and wakefulness disorders in children 

with exercise intervention. 

4. Discussion 

4.1. Analysis of the current status 

Our study shows that over the past 49 years, research on exercise intervention for 

sleep-wake disorders in children has gone through a long embryonic period (1976–

2011), and has shown a gradual increase in recent years. The United States, Harvard 

University, Olds T, and Tremblay MS have absolute leading advantages in academic 

productivity in this field. But Australia, the University of California System and 

Carskadon MA have the highest academic influence in the world. We also found that 

the development of the field is relatively slow, and there is still a lot of room for 

improvement. The imbalance in the development of research levels between different 

countries/regions, institutions and scholars may be related to the different economic 

development of different countries/regions and the degree of attention and support 

from government departments. 

4.2. Research frontier analysis 

This study explores the research frontier through co-cited reference analysis, and 

finds that it mainly involves 24-hour exercise behavior guidelines for children and 

adolescents and cardiometabolic risk and the mechanism of exercise therapy affecting 

the occurrence of sleep-wake disorders: 

4.2.1. Frontier analysis of exercise therapy for cardiovascular diseases caused 

by children and adolescents with sleep-wake disorders 

Cardiometabolic disorders in children may be associated with long-term 
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circadian rhythm disturbances (such as inappropriate feeding timing) (Melkani et al., 

2017), which are major causes of cardiovascular disease and type 2 diabetes in 

adulthood (Leiter et al., 2011). Exercise therapy is a safe, effective, and systematic 

intervention in cardiac rehabilitation. It has been suggested that higher levels of 

physical activity significantly reduce the incidence of arteriosclerosis (Agbaje, 2024), 

particularly through healthy lifestyle interventions and weight loss, can partially 

reverse cardiovascular dysfunction in children (Genoni et al., 2021). A decrease in 

body mass index-SD score (BMI-SDS) of 0.25 or higher significantly improves 

hypertension, hypertriglyceridemia, and low HDL-cholesterol in children with 

obesity, and doubles this effect when greater than 0.5 (Reinehr et al., 2016). In 

addition, it has been suggested that dance sport classes can also activate the adaptive 

mechanisms of the cardiovascular system in children with hearing impairment with 

sleep sleep impaired (Барладин et al., 2022). Preconception lifestyle interventions for 

obese women will help improve the cardiac structure and function of their children 

and reduce their risk of future cardiovascular disease (den Harink et al., 2022). 

However, although resistance training combined with aerobic training has been found 

to significantly improve outcomes in adults with cardiovascular disease, children and 

adolescents were unfortunately not included in this study (El-Sobkey, 2022). 

4.2.2. Frontier analysis of exercise therapy for obesity caused by children and 

adolescents with sleep-wake disorders 

Childhood obesity exposes individuals to cardiometabolic disorders that may 

exacerbate cardiovascular disease. At present, the global prevalence of obesity in 

children and adolescents has stabilized at a high level (Zhang et al., 2024). Close 

surveillance, regular screening, and early comprehensive intervention are key 

measures to prevent overweight, obesity, and cardiometabolic disease due to severe 

obesity in children (Lister et al., 2023). Treatments for obesity include nutritional 

therapy, exercise therapy, pharmacotherapy, and surgical therapy (Nur Zati Iwani et 

al., 2023), with lifestyle, especially exercise, is the primary therapeutic strategy for the 

treatment and management of metabolic problems caused by obesity (Alruwaily et al., 

2022). Interventions based on the Mediterranean diet have been shown to reduce body 

mass index and obesity in children and adolescents (Park et al., 2023). In particular, 

meeting all 24-hour exercise recommendations may be a key factor in maintaining 

healthy weight levels in young adults (López-Gil et al., 2023). In addition, when 

physical activity lowers the mean BMI-SDS of >1, >1.2, or >0.7 in obese children, it 

may reduce systolic blood pressure, LDL, and triglycerides, respectively (López-Gil 

et al., 2023), thereby reducing weight loss and cardiovascular disease risk (El-Medany 

et al., 2020). However, the prevention of obesity requires the joint development of 

comprehensive and systematic intervention strategies and measures by multiple 

government departments, and the implementation of them. 

4.2.3. Frontier analysis of the intervention of exercise therapy in children and 

adolescents for other diseases caused by sleep-wake disorders 

Exercise therapy has emerged as one of the recommended options for the 

treatment of mental health problems in children and adolescents (Liu et al., 2022). For 

example, music combined with exercise therapy can significantly improve the quality 

of life and attention of children with ADHD (Lee et al., 2024). Salivary gland 
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abobotuliniumtoxinA combined with oral exercise therapy can effectively improve 

swallowing, salivation, and sleep-wake disorders in children with cerebral palsy 

(Marquez-Vazquez et al., 2022). In addition, intermittent hypoxia and sleep disruption 

caused by obstructive sleep apnea syndrome in children can induce comorbidities such 

as obesity, hypertension, and cardiovascular disease by altering the composition of the 

gut microbiome (Liu et al., 2022). Active video games combined with multiple 

exercise modalities have been shown to shorten the time to awakening in 

overweight/obese children and have a positive effect on their muscle health, motor 

capacity, and skills (Comeras-Chueca et al., 2022). However, the reasons for the 

increase in the incidence of children and adolescents with sleep-wake disorders after 

vaccination are unknown, and the mechanism of autism spectrum disorder combined 

with children and adolescents with sleep-wake disorders needs to be studied and 

demonstrated, which is of great significance for the treatment and prognosis of this 

disease. 

4.3. Research hotspots analysis 

The keyword relationship map we draw suggests: obesity, overweight, health, 

sedentary behavior, sleep duration, screen time, quality of life, weight status, growth, 

screen devices, sugar sweetened beverages and position statements, etc. are the 

research hotspots in the field, which is consistent with the above research frontiers. 

We also found that screen time, mental health, validity, and depression are still current 

research hotspots. 

4.3.1. Analysis of research hotspots on exercise therapy for the prevention of 

children and adolescents with sleep-wake disorders 

Recent studies have found that patients with sleep-wake disorders in refugee 

children and adolescents need targeted prevention and counseling of adverse 

psychological conditions based on their traumatic experiences (Richter et al., 2020). 

Reducing screen time by engaging children in physical activity of varying intensity 

and maintaining appropriate sleep duration will help improve their levels of 

cardiovascular inflammatory markers (Reis et al., 2024). However, decreasing 

sedentary time in children and adolescents may be more helpful in improving sleep 

quality and body mass index than increasing moderate to vigorous physical activity 

(Reis et al., 2024). 

4.3.2. Analysis of research hotspots on the intervention of exercise therapy in 

children and adolescents with sleep-wake disorders 

In addition, the effectiveness of intervention methods has been a hot topic in this 

field, for example, brief behavioral sleep intervention by parents can significantly 

improve sleep quality and clinical symptoms in children with ADHD (Li et al., 2024). 

School sleep education can effectively enhance parents’ sleep knowledge and improve 

children’s behavioral outcomes, but it cannot completely alleviate children’s sleep-

wake patterns and sleep problems (Chen et al., 2023). Physical activity and melatonin 

supplementation have also been shown to have similar effects in improving sleep 

quality in children with autism (Tse et al., 2023). 

In short, the above research hotspots are related to national history, social culture, 

economic level and personal values, and we should promote the establishment of 
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healthy lifestyle behaviors in the environment where children and adolescents gather, 

formulate targeted policies for disease prevention, diagnosis and management, strictly 

implement preventive measures, improve the level of diagnosis, and dig deep into the 

precise treatment of diseases, which we believe may be a worthy research direction. 

5. Limitations 

Due to the applicability of the software, our study only searched the Web of 

Science Core Collection database for relevant articles, which may have missed some 

important findings. Therefore, in the future, we will conduct scientometric analysis of 

other database sources to further demonstrate the overall quality and prediction 

accuracy of this study. 

6. Conclusion 

In this study, we scientifically reproduced the research trajectory in the field of 

exercise intervention in children with sleep-wake disorders. We also found that there 

is a lack of cross-regional research collaborations between countries, institutions, and 

individuals, which play an important role in promoting the further development of the 

field. At present, the research frontier in this field mainly involves the relationship 

between 24-hour exercise behavior guidelines and the occurrence of cardiometabolic 

diseases in children and adolescents, as well as the mechanism of exercise therapy 

affecting sleep-wake disorders. In addition, its research hotspots mainly involve screen 

time, mental health, validity, and depression. In conclusion, our study found that a 

healthy lifestyle, especially exercise therapy, is the main treatment strategy for the 

treatment and management of physical and mental health problems in children and 

adolescents, and it is worthy of being used as a reference for follow-up research and 

clinical practice. 

Supplementary materials: Supplementary Table S1,2,3,4 and Supplementary 

Figure S1A,B are provided in Supplementary Materials. The supplementary material 

in this article is a supplement to the results and contains the content mentioned in the 

results, but due to the space of the article, it is not possible to list all of them. The 

results are presented in the form of images and tables, and are uploaded in the form of 

supplementary materials for readers to consult when needed. The content of the 

supplementary materials includes the top 5 journals in the world in terms of the number 

of papers, citations and subject influence, the top 10 highly cited papers, the top 5 

authors and co-occurrence frequency of the global papers in the field of motor 

intervention in children with sleep-wake disorders, and the top 20 keywords in the 

world in terms of subject impact. 
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