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Sleep problems significantly affect the quality of life of autism spectrum disorder (ASD) children. This study aimed to
evaluate the effects of a 12-week ball combination exercise, continuous theta burst stimulation (cTBS) stimulation, and
combined intervention on sleep problems in children with ASD. Forty-five ASD children were divided into three interven-
tion groups (ball combination exercise(n=12), cTBS stimulation(n=10), combined (n=12) and a control group (n=11).
The intervention groups underwent intervention, while the control group maintained daily activities. The effects were
assessed using the Children’s Sleep Habits Questionnaire (CSHQ) scale. The results revealed that after 12 weeks of inter-
vention, three programs reduced sleep problems in children with ASD. The post-test scores of the cTBS group (p=0.002)
and the combined group (p <0.001) were significantly lower than the baseline scores on the CSHQ scale. The exercise
group (p=0.002) and the combined group (p <0.001) showed significant improvement in sleep anxiety, while there was
no statistically significant difference in the effectiveness of the three interventions for sleep-onset delay. The combined
group outperformed the single intervention groups in the CSHQ score and sleep anxiety sub-dimensions. The combined
intervention group showed slightly superior performance in sleep onset latency, however, there was no significant dif-
ference. Three interventions alleviated sleep issues in ASD children, with the combined method proving more effective.
This study validates non-pharmacologic and combined approaches for ASD sleep problems. Future research should delve
deeper into the mechanisms of these interventions in ASD children’s sleep improvement.
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Autism spectrum disorder (ASD) is a lifelong neurodevel-
opmental disorder (Hyman et al., 2020). According to pub-
lished data, the prevalence of ASD among 8-years-old in
the United States has increased to 1 in 36 (Maenner et al.,
2021), Similarly, the prevalence among Chinese children
aged 6-12 years is as high as 1 in 143 (Zhou et al., 2020).
Sleep problems are one of the behavioral symptoms that
plague children with ASD, and research indicates that chil-
dren with ASD are more likely to have sleep problems than
typically developing children, with the prevalence of sleep
problems in children with ASD ranging from 50 to 80%,
compared to 25-40% in typically developing children (Abel
et al., 2016; Kamara & Beauchaine, 2019; Richdale, 2007).
Sleep problems can be accompanied by delayed sleep, night
terrors, and inadequate sleep duration that may disrupt bed-
time and circadian rhythms (Fadini et al., 2015; Giannotti
et al., 2008; Malow et al., 20006; Price et al., 2013). More-
over, sleep problems can adversely affect memory, atten-
tion, mood, and behavior of children with ASD (Mazurek
& Petroski, 2015; Veatch et al., 2015) and exacerbate their
major clinical symptoms such as social impairment and
repetitive stereotyped behaviors (Deliens et al., 2015; Kra-
kowiak et al., 2012). Therefore, how to effectively improve
the sleep problems of children with ASD is critical.

Ball Combination Exercise Intervention and
Sleep Problems in Children with ASD

As an effective complementary therapy, sports such as mar-
tial arts, water sports and ball games have been shown to
improve sleep problems in children with ASD (Kanupka et
al., 2018; Liang et al., 2024; Mische Lawson & Little, 2017,
Tse et al., 2019). Among them, ball games, which have the
advantages of being easy to perform, widely acceptable,
and inexpensive, have gradually attracted the attention of
researchers and have been implemented in the symptom-
atic relief of children with ASD (Cai et al., 2020; Wang et
al., 2020). A growing body of research suggests that soc-
cer improves behavioral symptoms in children with ASD
(Lopez-Diaz et al., 2021). Notably, there is variability in
the focus of interventions in single ball sports (basketball:
upper extremity; soccer: lower extremity) (Demeco et al.,
2022; Kinchington et al., 2010). It is difficult to improve
the overall coordination and physical fitness of children
with ASD in a comprehensive manner, and a combination
training program of basketball and soccer may be one of the
viable avenues. In addition, studies have shown that diverse
sport type interventions have a positive impact on improv-
ing behavioral symptoms in children with ASD (Haghighi
et al., 2023), suggesting an important application prospect
for combined sport intervention programs. However, the
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effectiveness of basketball and soccer combination sports
intervention in improving sleep problems in children with
ASD has not yet been demonstrated, and research is needed
to confirm the effectiveness of this program.

cTBS Intervention and Sleep Problems in
Children with ASD

Transcranial magnetic stimulation (TMS) is another inter-
vention that can effectively improve behavioral symptoms
in children with ASD (Hameed et al., 2017; Huang et al.,
2018). It is a painless, noninvasive, green treatment method
that stimulates the nerves in the brain using magnetic signals
that can pass through the skull without attenuation (Wis-
chnewski & Schutter, 2015). It does not require anesthesia
and can be easily combined with other treatments. Previous
studies indicate that repetitive transcranial magnetic stimu-
lation (rTMS) of the left and right dorsolateral prefrontal
cortex (DLPFC) regions in patients with ASD, either at
high or low frequencies, can improve their sleep problems
(Ezedinma et al., 2022; Gao et al., 2022). However, rTMS
interventions usually require longer treatment durations
and higher costs, and some children may not tolerate rTMS
stimulation. Moreover, continuous theta burst stimulation
(cTBS), a specific pattern that stimulates the cortex directly
via magnetic and electric pulses, exhibits a more rapid and
pronounced effect on neuromodulation compared to other
types of TMS methods, making it more suitable for children
with ASD (Huang et al., 2005). It can improve behavioral
symptoms by inhibiting activity in specific brain regions,
which in turn affects synaptic plasticity (Jannati et al., 2020;
Romero et al., 2022). It has been shown that cTBS is effec-
tive in improving sleep in insomnia patients (Hildebrand et
al., 2024). However, few studies have evaluated whether
c¢TBS stimulation improves sleep problems in children with
ASD, and its efficacy in practical application remains to be
confirmed.

Combined Interventions and Sleep Problems
in Children with ASD

Combined intervention strategies have received increasing
attention in the field of mental illness rehabilitation in recent
years. With the inherent advantages of TMS, researchers
have evaluated various combined TMS intervention meth-
ods. Dgbowska et al. (2023) demonstrated that the combi-
nation of TMS and ketamine can have a positive effect on
depressed patients. In Alzheimer’s disease(AD), TMS com-
bined with cognitive training has been shown to provide
low-risk therapeutic benefits for patients with AD (Sabbagh
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et al., 2020). The integration of rTMS with treadmill train-
ing has been shown to enhance ambulatory function in
individuals diagnosed with Parkinson’s disease (PD) (Mak,
2013). Furthermore, in addition to the combined TMS inter-
vention approach, recent studies have shown that physical
activity combined with transcranial direct current stimula-
tion (tDCS) can positively influence balance in patients with
PD (Lazzari et al., 2019). Mahmoodifar et al. (2019) dem-
onstrated that a combined intervention of tDCS and physical
activity enhances balance in children with ASD. However,
there is still a lack of evidence regarding the effects of sports
combined with TMS intervention on sleep problems in chil-
dren with ASD. Whether ball combination exercises com-
bined with ¢TBS can effectively improve sleep problems in
children with ASD requires further research.

Different Intervention Programs and Sleep
Problems in Children with ASD

Combined intervention approaches may lead to more ben-
eficial outcomes than single intervention approaches. For
example, Duarte et al. (2014) demonstrated that the com-
bination of tDCS with treadmill training improved static
balance and functional performance in children with cere-
bral palsy better than the treadmill training alone. Yang et
al. (2020) discovered that rTMS and physical exercise have
a synergistic effect on synaptic and network plasticity, sur-
passing the effect of the intervention alone. Simultaneously,
Jin et al. (2017) demonstrated that the use of rTMS in com-
bination with exercise training can improve motor function
in the paralyzed upper limb in a manner that is not possible
using rTMS or exercise training alone. However, the com-
bined intervention approach has limited application in the
field of ASD, providing only some specific perspectives
to refer to, and lacks evidence of its applicability to sleep
problems. The combination of ball combination exercise
and cTBS stimulation, an extrinsic behavioral intervention
method, and an intrinsic physiological stimulation interven-
tion technique, respectively, may have potential synergistic
effects in improving sleep problems in children with ASD.
Therefore, three interventions were used in this study: ball
combination exercise, cTBS stimulation, and ball combina-
tion exercise combined with ¢TBS stimulation, to inves-
tigate whether the combined intervention can effectively
improve sleep problems in children with ASD.

In summary, sleep problems in children with ASD can
significantly affect their daily functioning and quality of
life. Previous studies have indicated that combined exer-
cise intervention programs exhibit important application
prospects in improving behavioral symptoms in children
with ASD. However, the efficacy of a ball combination

exercise intervention in improving sleep problems in chil-
dren with ASD remains uncertain. Moreover, although
TMS positively influences sleep problems in children with
ASD, cTBS efficacy in improving sleep problems in chil-
dren with ASD remains unknown. Furthermore, researchers
have identified a variety of effective combined TMS inter-
ventions, and there is still a lack of evidence regarding the
effectiveness of ball combination exercises combined with
c¢TBS in alleviating sleep problems in children with ASD.
Combined intervention approaches may lead to more bene-
ficial outcomes than single intervention approaches. There-
fore, further research is required to determine whether ball
combination exercises combined with ¢cTBS may be more
effective in improving sleep problems in children with ASD.
The primary objectives of this study were as follows:

(1) Investigating the effects of a ball combination exercise
intervention on sleep problems in children with ASD.

(2) Investigating the effects of cTBS stimulation on sleep
problems in children with ASD.

(3) Investigating the effects of ball combination exercise
combined with ¢cTBS on sleep problems in children
with ASD.

(4) Comparing the effects of ball combination exercise,
c¢TBS stimulation, and ball combination exercise com-
bined with cTBS on sleep problems in children with
ASD.

The purpose of this study were designed to explored the
effects of a combined exercise intervention, stimulation of
c¢TBS, and a combination of interventions on sleep prob-
lems in children with ASD, and whether the combination
of interventions is more effective than a single interven-
tion, thus providing a more effective approach to addressing
sleep problems in children with ASD and improving overall
quality of life.

Materials and Methods
Participants

This study recruited 89 children diagnosed with ASD
according to the DSM-5 criteria from a specialized edu-
cational institution using convenience sampling. Children
aged 3—12 years were selected, as this age group covers a
critical developmental stage for children with ASD and has
a high incidence of sleep problems. The specific inclusion
criteria were as follows: (1) Han Chinese population, (2)
children diagnosed with moderately severe ASD accord-
ing to the DSM-5, (3) aged 3—12 years old, and (4) all sub-
jects must provide consent of their guardians and must be
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eligible for TMS and exercise. The exclusion criteria were
as follows: (1) a clear history of head trauma with a metallic
foreign body in the skull, (2) neurological and psychiatric
disorders, including epilepsy and Tourette’s syndrome, (3)
people with pacemakers, implantable defibrillators, neuro-
stimulators, and other implantable devices in the body, (4)
taking drugs that rapidly affect the central nervous system,
(5) have taken basketball lessons recently, (6) physical dis-
ability that prevents participation in sports interventions,
(7) visual and auditory impairments, and (8) have received
TMS therapy. They were assigned to ball combination
exercise group (n=16), cTBS group (n=15), combined
group (n=17), and control group (n=17), according to
general data (age, gender, admission time, etc.). This allo-
cation method facilitated the establishment of a balanced
baseline across groups, thereby enabling a more controlled
comparison between them. Several children with ASD did
not complete some of the assessments and were therefore
not included in the final statistical analysis. The final data
included 45 subjects: ball combination exercise group
(n=12), cTBS group (n=10), combined group (n=12), and
control group (n=11) (Fig. 1).

Study Design

This study used a 4*2 mixed experimental design, with
the group as the between-subjects factor and the test time

point as the within-subjects factor. This quasi-experimental
research was conducted in Yangzhou, China, from June to
October 2023. The study protocol was registered with the
Ethics Committee of Yangzhou University School of Medi-
cine (YXYLL-2023-147) before starting the experiment,
and all study procedures complied with the latest version of
the declaration of Helsinki. Written informed consent was
obtained from the parents of children with ASD.

Ball Combination Exercise Training Program

The ball combination exercises were performed for 45 min
five times a week for 12 weeks. There were three main
phases, Phase I (one week), comprised 5 classes. The pri-
mary objective of this phase was to establish norms for
physical education classrooms designed specifically for
children with ASD. The aim was to assist children with
ASD in adapting to the structured environment of the class-
room while also mitigating their sensitivity to intervention
equipment. Phase II (nine weeks), comprised 45 lessons.
The principal focus during this phase was to enhance the
complex motor skill learning of children with ASD through
instruction in fundamental movement techniques of basket-
ball and soccer. Additionally, the aim was to foster the gen-
eralization ability of children with ASD in acquiring new
behaviors, ultimately targeting the improvement of behav-
ioral challenges and brain development disorders. Phase III

Assessed for eligibility

(n=89)

Exclued (n=24)

Did not meet inclusion criteria

for further screening(n=1T7)
Declined to participate (n=7)
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participants
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A 4

\

y
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y
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Fig. 1 Flow chart of subjects screening
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(two weeks), comprised 10 lessons. The primary objective
was to design and implement engaging situational activities
to facilitate the flexible application of basic basketball skills
by autistic children in various scenarios. The overarch-
ing objectives included promoting cooperative awareness,
socialization, and the amelioration of behavioral issues and
brain development disorders (Table 1).

cTBS Intervention Program

The entire treatment comprises 180 sessions over 12 weeks,
with 3 sessions per day from Monday to Friday, each session

lasting 40.02 s, and with a 15-minute interval between each
2 sessions. A Rapid2 transcranial magnetic stimulation ther-
apy device (British Magstim Company) was used for treat-
ment. This device uses an “8” shaped coil and operates in
the cTBS mode. This mode involves a combination of three
burst pulses transmitted at a frequency of 50 HZ every 200
ms (equivalent to 5 HZ). The ¢cTBS mode is uninterrupted
and consists of 600 pulses. The intensity, targets, and pro-
cess of the cTBS intervention are listed in Table 2.

The cTBS intervention program was executed by two pro-
fessionals by providing individualized stimulation. Given
the clinical symptoms manifested by autistic children, cTBS

Assemble the team (2 min), warm up (8 min), sports intervention (mini-basketball tactile
desensitization, mini-basketball visual desensitization, physical fitness exercises (return
running with the ball), sports games (high-five passing games) (33 min), relaxation (2 min).
Assemble the team (2 min), warm up (8 min), sports intervention (basic mini-basketball
skills learning, such as passing, dribbling, and shooting), physical fitness exercises, sports
games (jumping jacks +two-handed dribbling, seeing who can react faster) (33 min),

Assemble the team (2 min), warm up (8 min), sports intervention (basic mini-basketball
skills learning, such as passing, dribbling, and shooting), physical fitness exercises, sports
games (jumping jacks +two-handed dribbling, seeing who can react faster) (33 min),

Assemble the team (2 min), warm up (8 min), sports intervention (basic mini-basketball
skills learning, such as passing, dribbling, and shooting), physical fitness exercises, sports
games (jumping jacks +two-handed dribbling, seeing who can react faster) (33 min),

Assemble the team (2 min), warm up (8 min), sports intervention (basic mini-basketball
skills learning, such as passing, dribbling, and shooting), physical fitness exercises, sports
games (jumping jacks + two-handed dribbling, seeing who can react faster) (33 min),

Assemble the team (2 min), warm up (8 min), sports intervention (basic mini-basketball
skills learning, such as passing, dribbling, and shooting), physical fitness exercises, sports
games (jumping jacks + two-handed dribbling, seeing who can react faster) (33 min),

Assemble the team (2 min), warm up (8 min), sports intervention (basic mini-basketball
skills learning, such as passing, dribbling, and shooting), physical fitness exercises, sports
games (jumping jacks +two-handed dribbling, seeing who can react faster) (33 min),

Assemble the team (2 min), warm up (8 min), sports intervention (basic technical learning
of soccer, such as kicking a spot kick, alternating feet on the ball, and dribbling with the
inside of the foot), physical fitness exercises, sports games, such as spot dribbling and one-
foot dribbling around obstacles, ) (33 min), relaxation (2 min).

Assemble the team (2 min), warm up (8 min), sports intervention (basic technical learning
of soccer, such as kicking a spot kick, alternating feet on the ball, and dribbling with the
inside of the foot), physical fitness exercises, sports games, such as spot dribbling and one-
foot dribbling around obstacles) (33 min), relaxation (2 min).

Assemble the team (2 min), warm up (8 min), sports intervention (integrate 2-9 weeks of
mini-basketball and soccer skills learning) (33 min), and relaxation (2 min).

Assemble the team (2 min), warm up (8 min), and sports intervention (combine the basic
movement techniques of mini-basketball and soccer to design group sports games, such as
relay throwing and catching, dribbling relay games, small circle shooting, and large circle
jumping games) (33 min), relaxation (2 min).

Table T Combined ball exercise Practice Training Drills
intervention process phase

Phase I
Phase 11

relaxation (2 min).
Phase II

relaxation (2 min).
Phase I1

relaxation (2 min).
Phase 11

relaxation (2 min).
Phase 11

relaxation (2 min).
Phase 11

relaxation (2 min).
Phase 11
Phase II
Phase 11
Phase 111
Phase 111

Assemble the team (2 min), warm up (8 min), and sports intervention (combine the basic
movement techniques of mini-basketball and soccer to design group sports games, such as
relay throwing and catching, dribbling relay games, small circle shooting, and large circle
jumping games) (33 min), relaxation (2 min).
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stimulation might be challenging to implement. Therefore,
the presence of at least one guardian during cTBS is manda-
tory to ensure the successful completion of the intervention.
If the experiment is interrupted, the stimulation will restart
once the next child has completed the session. A profes-
sional teacher was present in each session to keep track of
attendance. Children must inform the teacher at least one
day in advance if they need a break. The number of con-
secutive days off cannot exceed three, and the total number
of leave requests cannot surpass seven days to guarantee the
continuity of the stimulation.

Combined Intervention Program

Combined intervention five times a week for 12 weeks, the
specific intervention parameters of the ball combination
exercise intervention and cTBS were consistent with those
described in the previous section. To prevent the intensity of
the cTBS stimulation treatment and the exercise interven-
tion from overlapping, the cTBS stimulation was scheduled
to be implemented from 9:00 to 11:00 a.m. every Monday
through Friday; the ball combination exercise intervention

was scheduled to be implemented from 4:00 to 5:00 p.m.
every Monday through Friday.

Control Group Intervention

In this study, the control group received a series of reha-
bilitation sessions provided by the agency based on applied
behavior analysis (ABA) theory, including early intensive
behavioral intervention (EIBI) and discrete trial training
(DTT), among others, with each type of intervention ses-
sion being 45 min long and occurring five times per week.

Behavioral Measurement

Demographic information (age and gender) was collected at
the beginning. Age (Wiggs & Stores, 2007), parental stress
(Cotton & Richdale, 2006; Tobing & Glenwick, 2002),
repetitive stereotyped behaviors (Tsai et al., 2019), execu-
tive functioning (Tsai et al., 2019), and the severity of the
disease (Mayes & Calhoun, 2009) affect the sleep problems
in children with ASD. Therefore, the Childhood Autism
Rating Scale (CARS), Parent Stress Index/Short Form
(PSI/SF), Repetitive Stereotyped Behavior Scale-Revised

Table 2 cTBS intervention

Select the “8” type coil

The child sits on the treatment chair, keeping the hands
completely relaxed, and the skin surface of the test site
is cleaned with alcohol to remove grease and reduce
interference.

The child wears a positioning cap, and the method used
for positioning of M1 and DLPFC targets is based on
the standard “5-centimeter rule” of electroencephalog-
raphy. The intersection of the nasion-inion line and the
bilateral preauricular line is defined as Cz. Moving 5
centimeters to the left along the preauricular line from
Cz locates the left primary motor cortex (M1) area, and
moving 5 centimeters anteriorly from M1 defines the
left dorsolateral prefrontal cortex (DLPFC) of the left
hemisphere. Target regions: left and right DLPFC.

The participants placed their palms upward on their
knees in a relaxed state, and the opposite cortex’s cor-
responding M1 area was stimulated by the TMS stimu-
lation coil to adjust the intensity of the motor threshold
(MT), which is the minimum percentage of intensity
that can cause contraction of finger muscles, known

as the resting motor threshold (MT). The stimulation
intensity of AMT is approximately 40-50% of RMT,
followed by stimulation of the dorsolateral area. .
Stimulation is conducted at an intensity of 80% of
RMT intensity, with an intra-frequency of 50 Hz and
an inter-frequency of 5 Hz, delivering 600 pulses per
treatment session, completing 3 treatment sessions;
with a total duration of 40 s.

The entire treatment comprises 180 sessions over 12

Experi- Rapid?2 transcranial magnetic
process mental stimulation therapy instrument
equipment  produced by British company
Magstim was selected
Positioning 1. Prepare
mode
2. Treatment target positioning
3. Visual measurement of resting
motor threshold (MT)
Treatment ~ c¢TBS stimulation parameters
programs
Treatment  The duration of intervention was
time 12 weeks

weeks, with 3 sessions per day from Monday to Friday,
with a 15-minute interval between each 2 sessions.
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(RBS-R), and the revised version of Executive Functioning
Inventory (CHEXI) were used to evaluate the corresponding
indicators to balance the confounding variables mentioned
above in the experimental group. The CSHQ scale was used
to evaluate sleep problems.

The CARS scale was used to determine the severity of
ASD and consisted of 15 items (14 items to assess autistic
behaviors and one item to assess the overall impression of
ASD), with each item scored on a scale of 1 to 4 (higher
scores indicate more severe impairment). A score above 30
is considered a sign of autism (mild to moderate autism:
30-36.5; severe autism: 37-60) (Lu Jian-ping, 2004; Scho-
pler et al., 1980).

The PSI/SF was designed to measure the degree of paren-
tal stress felt by the individual and contains three subscales:
parental distress, parent-child interaction disorder, and dif-
ficult child. It is applicable to the parents of children aged
one month to 12 years. The total number of questions is 36,
and the scoring is based on the Likert scale (1 =strongly
disagree, 5=strongly agree), with higher scores indicating
severe parenting stress (Luo et al., 2019).

The RBS-R was a valid tool for assessing stereotypic
behaviors in children with ASD. It was compiled by Bod-
fish and others in 1999 and includes six fundamental parts:
stereotyped behaviors (six items), self-injurious behaviors
(eight items), obsessive-compulsive behaviors (eight items),
ritualistic behaviors (six items), fixation behaviors (11
items), and restrictive behaviors (four items), with a total
of 43 entries. The scale scoring criteria are as follows: 3
points for severe behavioral problems, 2 points for moderate
behavioral problems, 1 point for mild behavioral problems,
and 0 points for no behavioral problems. Higher scores rep-
resent severe stereotypic behavior problems (Bodfish et al.,
2000; Luo et al., 2022).

The revised version of CHEXI consists of 24 items
(1=completely inconsistent, 5=completely consistent) in
three dimensions: regulation, inhibition, and working mem-
ory. The total score is 120, with higher scores representing
poorer executive functioning (Thorell & Nyberg, 2008;
WEI Wei, 2018).

The CSHQ was used to evaluate sleep problems in chil-
dren with ASD. The CSHQ is a parent-scored questionnaire
that assesses the frequency of eight behaviors (bedtime
resistance, delayed sleep onset, sleep duration, sleep anxi-
ety, night wakings, sleep anomalies, sleep apnea, and day-
time somnolence) that are associated with sleep difficulties
in children. A total score of more than 41 indicates a sleep
problem (Shui et al., 2021; Tan et al., 2018).

Statistical Analysis

The data were analyzed using SPSS 27.0.1 One-way
ANOVA and chi-square tests were used to test for homoge-
neity of the demographics (age and gender) of the 45 partic-
ipants, as well as the subjects’ scores on the CARS, PSI/SF,
RBS-R, and revised version of CHEXI as covariates if there
was a significant effect. Repeated measures ANOVA was
used to test whether there were significant changes in sleep
problems before and after the intervention in the four groups
of children with ASD. Moreover, if the time-group interac-
tion effect was significant, simple effect analyses were con-
ducted using the Bonferroni correction method. If there was
an improvement in multiple groups for the same dimension,
LSD multiple comparisons were used to determine whether
there was a significant difference between the effect of the
combined intervention and the single intervention. Data
were analyzed using descriptive statistics: mean + standard
deviation (M +SD).

Results
Participant Characteristics

The homogeneity analyses revealed that gender (x>=6.
354, p=0. 57), age (F54;)=1. 681, p=0.186), symptom-
atic severity (F;4,y=0. 446, p=0.722), parenting stress
(F3.41y=2.006, p=0.128), repetitive stereotypic behav-
ior (F34)=1.187, p=0.326), and executive function-
ing (working memory F;4,,=0.468, p=0.706/inhibition
F341y=0.887, p=0.456) exhibited no statistically signifi-
cant difference between groups (Table 3).

Effects of Different Interventions on Sleep Problems
in Children with ASD

Repeated-measures ANOVA showed that the time*group
interaction effect was not significant on the sub-dimen-
sions of the CSHQ scale, including bedtime resistance
(Fza1y=2. 535, p=0.070, partialn®=0.156), sleep dura-
tion (F(54y)=1.446, p=0.243, partialn?=0.096), night
wakings  (F34y=2.126, p=0.112, partialn’=0.135),
parasomnias (F(34;,=0.999, p=0.403, partialn®=0.068),
sleep-disordered  breathing  (F(34,,)=1.243, p=0.306,
partialn?=0.083), and daytime sleepiness (F41=1.539,
p=0.219, partiall?=0.101). However, the time*group
interaction effect was significant for the three dimensions
of the CSHQ scale, total score (F(3541)=4.618, p=0.007,
partialn>=0.253), sleep onset delay (F3.41)=2.970,
p=0.043, partialn>=0.179), and sleep anxiety (Faan=11
961, p<0.001, partialn>=0.467) (Fig. 2). These results
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Table 3 Baseline characteristics of participants (M + SD)

Measure cTBS group Ball sports group Combined group Control group F P

N 10 12 12 11 - -
Gender(boys/girls) 8/2 10/2 7/5 11/0 - 0.57
Age(years) 8.20+1.40 7.33+£2.39 7.83+2.08 9.09+1.58 1. 681 0.186
CARS? 39.60+6. 64 37.08+7.59 37.08+4. 64 36.36+8.05 0. 446 0.722
PSI/SF® 104. 60+15. 39 101. 50+20. 76 118.33+17. 87 107. 64+16. 07 2. 006 0.128
RBS-R® 35.20+19. 60 26.42+10.32 23.08+17.35 27.55+13.07 1.187 0.326
CHEXI! 47.50£7. 69 50.50+5.32 49.25+8.52 46.73+11. 17 0. 468 0. 706
(working memory)

CHEXI(inhibition) 37.60+6.92 42.50+5.40 38.50+8.27 41.18+10. 92 0. 887 0.456

Note a CARS: Childhood Autism Rating Scale. b PSI/SF: Parenting Stress Scale. ¢ RBS-R: Repetitive Stereotyped Behavior Scale. d CHEXI:

Executive Functioning Inventor

indicate that the total score of the CSHQ scale, as well as
its sub-dimensions of sleep onset latency and sleep anxi-
ety, exhibited a significant difference between the different
interventions in terms of the time versus group interaction
effect. Therefore, a post-hoc simple effects analysis was
conducted.

Effects of Different Interventions on CSHQ Scale
Total Scores in Children with ASD

The total CSHQ scale scores of the four groups were homo-
geneous in the pre-test scores (F5 4,)=1.189, p=0.326) and
borderline significant in the posttest scores (F3 4;,=2.794,
p=0.052). Post-hoc simple effects analyses revealed that
after 12 weeks of intervention, the control group (p=0.996)
exhibited no significant difference in posttest scores com-
pared to baseline. The cTBS group (»p=0.002) and the
combined group (p<0.001) showed significant decreases
in post-test scores compared to baseline, whereas the com-
bined ball sports group (p=0.434) the difference was not
statistically significant compared to the baseline assess-
ment, (Fig. 3A). The results indicated that the combined and
c¢TBS groups were effective in reducing the CSHQ scale
total score, and the combined ball sports group exhibited no
statistically significant difference.

The Effect of Different Interventions on Sleep-onset
Delay in Children with ASD

There was no significant difference between the four groups
in the pre-test scores for sleep-onset delay (F 3 4,,=0.491,
p=0.689). However, a significant difference was
observed between the four groups in the post-test scores
(F(3,41y=2.949, p=0.044). Post-hoc simple effects analyses
revealed that, after 12 weeks of intervention, the control
group (p=0.020) exhibited a significant difference in post-
test scores compared to baseline scores. In contrast, the ball
combination exercise (p =1.000), the cTBS (p=0.530), and
the combined (p=0.090) groups exhibited no significant

@ Springer

differences in post-test scores compared to baseline scores.
It is noteworthy that the difference in the control group was
due to the higher posttest score than the baseline (Fig. 3B).
Therefore, the results indicated that there was no statisti-
cally significant difference in the effectiveness of the three
interventions for sleep-onset delay on children with ASD.

Effects of Different Interventions on Sleep Anxiety
in Children with ASD

There was no significant difference between the four groups
in the pre-test scores for sleep anxiety (Fg4,=0.890,
p=0.455). However, a significant difference was
observed between the four groups in the post-test scores
(F3.41y=10.247, p<0.001). Further post-hoc simple effects
analyses revealed that the control group (p=0.024) exhib-
ited a significant difference in posttest scores compared to
baseline scores after 12 weeks of intervention. In contrast,
the ball combination exercise (p=0.002) and the combined
(»<0.001) groups exhibited significant differences in post-
test scores compared to baseline scores. However, the cTBS
group (p=0.507) revealed no significant difference in post-
test scores compared to the baseline scores. However, it
was noteworthy that the difference in the control group was
due to a higher posttest score than the baseline (Fig. 3C).
These findings indicated that the ball combination exercise
and combined groups effectively improved sleep anxiety in
children with ASD, whereas, there was no statistically sig-
nificant difference in the improvement of sleep anxiety in
children with ASD in the ¢cTBS group.

Comparison of the Effectiveness of Different
Interventions on Sleep Problems in Children with
ASD

These results indicated that after 12 weeks of intervention,
the CSHQ scale total score and its sub-dimensions, sleep-
onset delay and sleep anxiety, improved in multiple groups.
Therefore, the differences between the posttest and the
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Fig. 2 Time*group interaction effect plots for each dimension of the CHSQ scale. * represent a significant time* group interaction effect, **
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Fig. 3 Pre- and post-intervention results for each group

pre-test were analyzed. The results revealed significant dif-
ferences in the total CSHQ score (F 3 4,=4.681, p=0.007),
sleep-onset delay (F; 4;,=2.970, p=0.043), and sleep anxi-
ety (F341y=11.961, p<0.001). LSD post-hoc comparisons
were used to analyze the differences between the effects of
the combined intervention and single intervention.

The results of the LSD post-hoc comparative analysis
revealed no significant difference in the intervention effect
between the combined and cTBS groups in terms of the
total CSHQ scale score (p=0.512), whereas a significant
difference was observed in the intervention effect between
the combined and ball combination exercises groups
(»p=0.011). There was no significant difference in the inter-
vention effect on sleep-onset delay between the combined
group and both the cTBS (p=0.109) and ball combination
exercise groups (p =0.226). In terms of sleep anxiety, no sig-
nificant difference was observed between the combined and

@ Springer

ball combination exercise groups (p=0.158), while there
was a significant difference in the ¢cTBS group (p <0.001)
(Table 4). These results indicate that the combined group
exhibited better intervention effects than the single interven-
tions in the CSHQ scale total score and sub-dimension sleep
anxiety, while there was a tendency to exhibit better effects
than single interventions in sleep-onset latency. However,
there was no significant difference.

Discussion

This study aimed to evaluate the effects of a 12-week ball
combination exercise, cTBS, and combined intervention
on sleep problems in children with ASD and to compare
whether the combined intervention was more effective than
a single intervention. The results demonstrated that the ball
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Table 4 Multiple comparative analysis

Measure c¢TBS group Ball group Combined group Conrtol group F P

CSHQ total =7.20£5. 18 —1.58+8. 59* -9.17£5.17 0.09+7.94* 4.618 0. 007
Sleep-onset delay 0.02+0.92 0.00+0. 85 —0.50=+0. 80 0.73+1.35* 2.970 0. 043
Sleep anxiety 0.30+1.25*% -1.33+£1.92 —2.17+£1.27 1.00+1. 00* 11. 961 <0.001

Note * indicates comparison with the combined group, p <0. 05. All comparisons were made using the LSD multiple comparison method

combination exercise intervention could effectively improve
sleep anxiety in children with ASD, ¢TBS intervention could
improve the overall sleep problems in these children, and
the combined intervention significantly improved the over-
all sleep problems and sleep anxiety in children with ASD.
There was no statistically significant difference between the
three groups of interventions on sleep-onset delay in chil-
dren with ASD. However, the combined intervention was
more effective in improving sleep problems in children with
ASD than the single intervention.

First, we investigated the effect of ball combination exer-
cises on sleep problems in children with ASD. The results
of this study demonstrated that ball combination exercises
can be effective in reducing sleep problems in children with
ASD to some extent. This result was consistent with our first
hypothesis that ball combination exercises were effective in
improving sleep problems in children with ASD. However,
this effect is more likely to be reflected in the reduction of
sleep anxiety rather than the improvement of overall sleep
problems. These results differed from those of similar pre-
vious studies. For example, a study by Tse et al. (2019)
demonstrated that a 12-week basketball intervention effec-
tively improved sleep efficiency and duration and reduced
the number of night awakenings in children with ASD. Few
studies have investigated the mechanisms through which
ball combination exercises improve sleep anxiety in chil-
dren with ASD. Sleep anxiety is defined as anxiety and
worry that occurs before going to sleep or during nighttime
sleep and may manifest as symptoms such as difficulty fall-
ing asleep, night waking, and poor sleep quality. Sleep anxi-
ety is closely related to anxiety and is a symptom of anxiety
disorders. Therefore, we hypothesized that the mechanism
by which ball combination exercise improved sleep anxiety
in children with ASD may be similar to that of anxiety dis-
orders. Numerous studies have shown that exercise is effec-
tive in reducing anxiety-producing hormones (e.g., cortisol
and glucocorticoids) as well as facilitating the body’s release
of neurotransmitters (e.g., endorphins, dopamine, serotonin,
etc. ), thereby ameliorating anxiety (Lin & Kuo, 2013;
Mahalakshmi et al., 2020). These physiological mechanisms
may help reduce sleep anxiety in children with ASD. Addi-
tionally, exercise was a way to relieve stress and anxiety
(Chi & Wang, 2022), and participating in sports may allow
children with ASD to distract themselves, reduce anxiety,
and improve self-control. This psychological mechanism

could help alleviate sleep anxiety. This study employed a
moderate-intensity exercise intervention dosage. Research
has indicated that moderate-intensity exercise interventions
are more effective in reducing sleep anxiety and improving
sleep compared to low-intensity or high-intensity exercises
(Kredlow et al., 2015). Therefore, we inferred that moder-
ate-intensity combined ball exercises may also be a reason
for reducing sleep problems in children with ASD.

Furthermore, we investigated the effects of ¢cTBS on
sleep problems improvement in children with ASD. The
results demonstrated that cTBS positively influenced sleep
problems in children with ASD. This result was consistent
with our second hypothesis, which was that cTBS had a
significant effect on the improvement of overall sleep prob-
lems in children with ASD. Few studies have evaluated the
mechanisms through which cTBS improves sleep problems
in children with ASD. However, it has been suggested that
sleep problems in children with ASD are related to neu-
rotransmitters, including 5-hydroxytryptamine (5-HT) and
gamma-aminobutyric acid (GABA), dopamine, glutamate,
and melatonin (Chung et al., 2017; Kang et al., 2019; Li,
2020). Moreover, the DLPFC region plays an important role
in sleep regulation. Several studies have shown that stimu-
lation of the right and left dorsolateral prefrontal regions
using rTMS increases the production of dopamine, 5-HT,
and GABA, leading to reduced sleep problems (Morgan et
al., 2012; Mostafavi et al., 2020). The cTBS, as a form of
rTMS, can produce similar biological effects and can effec-
tively improve the overall sleep problems in children with
ASD by stimulating the left and right DLPFC regions (Gao
et al., 2022). Therefore, the current study hypothesized that,
based on the mechanism of rTMS to improve sleep prob-
lems, cTBS might improve sleep problems in children with
ASD by affecting neuronal activity in specific brain regions
and regulating the release of neurotransmitters, thereby
affecting the neural circuits of sleep regulation. The applica-
tion of ¢cTBS may influence synaptic plasticity within the
brain, thereby modulating the connectivity and functional-
ity of neural networks associated with sleep-related regions.
However, further research is required to confirm its specific
mechanism of action.

We investigated the effects of combining ball combina-
tion exercise with cTBS intervention on sleep problems
in children with ASD and assessed whether the combined
intervention was more effective than the intervention alone.
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The results demonstrated that the combined interven-
tion improved the CSHQ total score and its subdimension
of sleep anxiety. This result was consistent with our third
hypothesis, that combined intervention can improve sleep
problems in children with ASD. Furthermore, we investi-
gated whether the combined intervention was superior to
the single intervention, and the results revealed that the
combined intervention outperformed the different single
interventions in terms of the CSHQ total score and the sub-
dimension sleep anxiety. Moreover, there was a tendency
for the combined intervention to be better than the single
interventions in terms of delay in falling asleep. However,
the difference was not statistically significant. Previous
studies have not examined the effect of a combination of
interventions on sleep problems. Therefore, we were only
able to compare results using similar interventions but
measuring different dependent variables. The results of our
study were similar to those of previous studies, both demon-
strating the superiority of the combined intervention (Byrne
et al., 2014; Mahmoodifar & Sotoodeh, 2019). Research on
the effects of the combined intervention of ball combination
exercises and cTBS on the sleep problems of children with
ASD and its superiority to the single intervention is limited,
and its precise mechanism of action remains unknown. The
current study hypothesized that the combined intervention
might effectively improve sleep problems in children with
ASD compared to a single intervention. Furthermore, the
underlying mechanisms by which these sleep problems are
addressed in children with ASD were explored. Firstly, both
exercise and cTBS may alleviate mood and anxiety (Li et
al., 2022; Mahalakshmi et al., 2020). Since children with
ASD frequently experience sleep problems and anxiety, the
combined effect of exercise and cTBS may improve their
sleep problems by alleviating anxiety and mood problems.
Secondly combined interventions may provide a more
comprehensive and integrated intervention effect because
c¢TBS and ball combination exercises act on the brain and
body’s motor system, respectively, thereby improving sleep
problems in children with ASD on multiple levels. Thirdly,
exercise and cTBS modulate neuroplasticity and neurotrans-
mitter release, which was closely related to sleep. Therefore,
combining exercise with cTBS may exhibit a superimposed
and synergistic effect on improving sleep problems in chil-
dren with ASD, which is superior to a single intervention.
The mechanisms hypothesized in this study are not well-
documented and require further research. However, based
on the hypothesized mechanisms described above, it would
be meaningful to further explore whether anxiety might be
a moderating variable for improving sleep in children with
ASD in future studies.

The results of this study demonstrated that there was no
significant time*group interaction effect for any of the six
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subdimensions of the CSHQ scale: bedtime resistance, sleep
duration, night wakings, parasomnias, sleep-disordered
breathing, and daytime sleepiness. It was not excluded that
these three interventions did not improve the above dimen-
sions, and it is certainly possible that this is due to some
of the following limitations: (1) Due to various reasons,
including limitations in research resources and difficulties
in screening and recruiting participants, we collected data
from a small number of subjects. Therefore, the reliability
and generalizability of the results may have been affected to
some extent. (2) The CSHQ scale used in this study may be
highly subjective, thereby introducing some degree of bias
into the results. (3) This was not possible due to the speci-
ficity of autism and the limitation of research resources,
which may affect the results of the study. Therefore, further
research is required to investigate the specific mechanisms
through which ball exercises, cTBS, as well as combined
interventions, improve sleep problems in children with
ASD. The sample size should be increased in future studies.
A larger sample size could help reduce the impact of indi-
vidual variability in children with ASD on the results of the
study, thereby obtaining more conclusive results. Moreover,
the use of more objective measures and rigorous randomiza-
tion of groups is recommended to increase the objectivity of
the results and reduce the influence of potential factors other
than the intervention on the results.

Conclusion

Our study aimed to investigate the effects of ball combina-
tion exercise, cTBS stimulation, and combined intervention
on sleep problems in children with ASD and whether the
combined intervention effect was more effective than the
single intervention. The results revealed that Ball combi-
nation exercise, cTBS, and Combined intervention amelio-
rated sleep problems in children with ASD to some extent,
whereas there was no significant difference in the combined
intervention effect. However, it tended to be more effective
than a single intervention. Moreover, the results confirmed
the feasibility of non-pharmacological treatments and com-
bined interventions in improving sleep problems among
children with ASD. Further research is required to investi-
gate the specific mechanisms of ball combination exercise,
¢TBS, and combined intervention in improving sleep prob-
lems in children with ASD.

Acknowledgements The authors thank the children, guardians, staff,
and investigators at the study sites for their contributions to this study.

Author Contributions Conceptualization, D.X. and A.C.; Data cura-
tion, L.Z., D.X. and K.C.; Formal analysis, D.X., Z.S. and K.C; Fund-
ing acquisition, A.C.; Investigation, L.J., Z.Q. and Y.S.; Methodology,
D.X., K.Q. and F.L.; Project administration, L.Z., and Z.L; Resources,



Journal of Autism and Developmental Disorders (2026) 56:241-255

253

A.C.; Software, D.X., Z.S. and Y.Y.; Supervision, Z.S., Y.Y. and K.C;
Validation, Z.S. and K.C.; Visualization, Z.Q. and Z.S.; Roles/Writ-
ing - original draft, D.X.; and Writing - review & editing, Z.S. and
A.C. All authors have read and agreed to the published version of the
manuscript.

Funding This study was partly supported by grants received by
Aiguo Chen from the National Natural Science Foundation of Chi-
na (31771243), the National Social Science Foundation of China
(23ATY008), the Fok Ying Tung Education Foundation (141113), and
the Postgraduate Research & Practice Innovation Program of Jiangsu
Province (KYCX22 3419).

Data Availability The data presented in this study are available on
request from the corresponding author.

Declarations

Institutional Review Board Statement The study was conducted in
Yangzhou, China, from June to October 2023 and was approved by
the Ethics and Human Protection Committee of Yangzhou University
Hospital. The study protocol was registered with the Ethics Commit-
tee of YangzhouUniversity School of Medicine (YXYLL-2023-147)
before starting the experiment, and all study procedures complied with
the latest version of the Declaration of Helsinki.

Informed Consent Informed consent was obtained from all subjects
involved in the study.

Competing Interest All authors declare that they have no conflicts of
interest to report regarding the present study.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

Abel, E., Kim, S. Y., Kellerman, A. M., & Brodhead, M. T. (2016).
Recommendations for identifying sleep problems and treatment
resources for children with Autism Spectrum Disorder. Behavior
Analysis in Practice, 10(3), 261-269. https://doi.org/10.1007/
s40617-016-0158-4

Bodfish, J. W., Symons, F. J., Parker, D. E., & Lewis, M. H. (2000).
<49.pdf>. Journal of Autism and Developmental Disorders,
30(3), 237-243. https://doi.org/10.1023/a:1005596502855

Byrne, B. J., Duarte, N. A. C., Grecco, L. A. C., Galli, M., Fregni,
F., & Oliveira, C. S. (2014). Effect of Transcranial Direct-Cur-
rent Stimulation combined with Treadmill Training on Balance
and functional performance in children with cerebral palsy: A

double-blind randomized controlled trial. Plos One, 9(8). https://
doi.org/10.1371/journal.pone.0105777

Cai, K., Yu, Q., Herold, F., Liu, Z., Wang, J., Zhu, L., & Zou, L. (2020).
Mini-basketball Training Program Improves Social Communica-
tion and White Matter Integrity in Children with Autism. Brain
Sciences, 10(11). https://doi.org/10.3390/brainscil 0110803

Chi, G., & Wang, L. (2022). The Association of Sports Participa-
tion with Depressive Symptoms and anxiety disorder in adoles-
cents. Frontiers in Public Health, 10. https://doi.org/10.3389/
fpubh.2022.860994

Chung, S., Weber, F., Zhong, P., Tan, C. L., Nguyen, T. N., Beier, K. T,
& Dan, Y. (2017). Identification of preoptic sleep neurons using
retrograde labelling and gene profiling. Nature, 545(7655), 477—
481. https://doi.org/10.1038/nature22350

Cotton, S., & Richdale, A. (2006). Brief report: Parental descriptions
of sleep problems in children with autism, Down syndrome, and
prader—Willi syndrome. Research in Developmental Disabilities,
27(2), 151-161. https://doi.org/10.1016/j.ridd.2004.12.003

D¢bowska, W., Wigdlocha, M., Degbowska, M., Kownacka, Z.,
Marcinowicz, P., & Szulc, A. (2023). Transcranial magnetic
stimulation and ketamine: Implications for combined treat-
ment in depression. Frontiers in Neuroscience, 17. https://doi.
org/10.3389/fnins.2023.1267647

Deliens, G., Leproult, R., Schmitz, R., Destrebecqz, A., & Peigneux, P.
(2015). Sleep disturbances in Autism Spectrum disorders. Review
Journal of Autism and Developmental Disorders, 2(4), 343-356.
https://doi.org/10.1007/s40489-015-0057-6

Demeco, A., de Sire, A., Marotta, N., Palumbo, A., Fragomeni, G.,
Gramigna, V., & Ammendolia, A. (2022). Effectiveness of Reha-
bilitation through Kinematic Analysis of Upper Limb Function-
ing in Wheelchair basketball athletes: A pilot study. Applied
Sciences-Basel, 12(6). https://doi.org/10.3390/app12062929.
Article 2929.

Ezedinma, U., Swierkowski, P., & Fjaagesund, S. (2022). Outcomes
from Individual Alpha Frequency Guided Repetitive Transcranial
Magnetic Stimulation in children with Autism Spectrum disor-
der — a Retrospective Chart Review. Child Psychiatry & Human
Development. https://doi.org/10.1007/s10578-022-01461-1

Fadini, C. C., Lamonica, D. A., Fett-Conte, A. C., Osoério, E., Zuculo,
G. M., Giacheti, C. M., & Pinato, L. (2015). Influence of sleep
disorders on the behavior of individuals with autism spec-
trum disorder. Frontiers in Human Neuroscience, 9. https://doi.
org/10.3389/fnhum.2015.00347

Gao, L., Wang, C., Song, X., Tian, L., Qu, Z., Han, Y., & Zhang, X.
(2022). The sensory abnormality mediated partially the effi-
cacy of Repetitive Transcranial Magnetic Stimulation on treat-
ing Comorbid Sleep Disorder in Autism Spectrum Disorder
Children. Frontiers in Psychiatry, 12. https://doi.org/10.3389/
fpsyt.2021.820598

Giannotti, F., Cortesi, F., Cerquiglini, A., Miraglia, D., Vagnoni, C.,
Sebastiani, T., & Bernabei, P. (2008). An investigation of sleep
characteristics, EEG Abnormalities and Epilepsy in developmen-
tally regressed and non-regressed children with autism. Journal
of Autism and Developmental Disorders, 38(10), 1888—1897.
https://doi.org/10.1007/s10803-008-0584-4

Haghighi, A. H., Broughani, S., Askari, R., Shahrabadi, H., Souza,
D., & Gentil, P. (2023). Combined physical training strategies
improve physical fitness, Behavior, and Social Skills of Autis-
tic Children. Journal of Autism and Developmental Disorders,
53(11), 4271-4279. https://doi.org/10.1007/s10803-022-05731-8

Hameed, M. Q., Dhamne, S. C., Gersner, R., Kaye, H. L., Oberman,
L. M., Pascual-Leone, A., & Rotenberg, A. (2017). Transcranial
magnetic and direct current stimulation in children. Current Neu-
rology and Neuroscience Reports, 17(2). https://doi.org/10.1007/
s11910-017-0719-0

@ Springer


https://doi.org/10.1371/journal.pone.0105777
https://doi.org/10.1371/journal.pone.0105777
https://doi.org/10.3390/brainsci10110803
https://doi.org/10.3389/fpubh.2022.860994
https://doi.org/10.3389/fpubh.2022.860994
https://doi.org/10.1038/nature22350
https://doi.org/10.1016/j.ridd.2004.12.003
https://doi.org/10.3389/fnins.2023.1267647
https://doi.org/10.3389/fnins.2023.1267647
https://doi.org/10.1007/s40489-015-0057-6
https://doi.org/10.3390/app12062929
https://doi.org/10.1007/s10578-022-01461-1
https://doi.org/10.3389/fnhum.2015.00347
https://doi.org/10.3389/fnhum.2015.00347
https://doi.org/10.3389/fpsyt.2021.820598
https://doi.org/10.3389/fpsyt.2021.820598
https://doi.org/10.1007/s10803-008-0584-4
https://doi.org/10.1007/s10803-022-05731-8
https://doi.org/10.1007/s11910-017-0719-0
https://doi.org/10.1007/s11910-017-0719-0
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1007/s40617-016-0158-4
https://doi.org/10.1007/s40617-016-0158-4
https://doi.org/10.1023/a:1005596502855

254

Journal of Autism and Developmental Disorders (2026) 56:241-255

Hildebrand, L., Huskey, A., Dailey, N., Jankowski, S., Henderson-
Arredondo, K., Trapani, C., & Killgore, W. D. S. (2024). Tran-
scranial Magnetic Stimulation of the Default Mode Network to
improve sleep in individuals with insomnia symptoms: Protocol
for a double-blind randomized controlled trial. JMIR Res Protoc,
13,e51212. https://doi.org/10.2196/51212

Huang, Y. Z., Edwards, M. J., Rounis, E., Bhatia, K. P., & Roth-
well, J. C. (2005). Theta Burst Stimulation of the Human Motor
Cortex. Neuron, 45(2), 201-206. https://doi.org/10.1016/;.
neuron.2004.12.033

Huang, Z., Li, Y., Bianchi, M. T., Zhan, S., Jiang, F., Li, N., & Wang,
Y. (2018). Repetitive transcranial magnetic stimulation of the
right parietal cortex for comorbid generalized anxiety disorder
and insomnia: A randomized, double-blind, sham-controlled
pilot study. Brain Stimulation, 11(5), 1103—1109. https://doi.
org/10.1016/j.brs.2018.05.016

Hyman, S. L., Levy, S. E., Myers, S. M., Kuo, D. Z., Apkon, S., David-
son, L. F., & Bridgemohan, C. (2020). Identification, evaluation,
and management of children with Autism Spectrum Disorder.
Pediatrics, 145(1). https://doi.org/10.1542/peds.2019-3447

Jannati, A., Block, G., Ryan, M. A., Kaye, H. L., Kayarian, F. B.,
Bashir, S., & Rotenberg, A. (2020). Continuous Theta-Burst
Stimulation in Children with High-Functioning Autism Spectrum
Disorder and typically developing children. Frontiers in Integra-
tive Neuroscience, 14. https://doi.org/10.3389/fnint.2020.00013

Jin, J. N., Wang, X., Li, Y., Jin, F,, Liu, Z. P, & Yin, T. (2017). The
effects of rTMS combined with motor training on functional con-
nectivity in alpha frequency Band. Frontiers in Behavioral Neu-
roscience, 11. https://doi.org/10.3389/fnbeh.2017.00234

Kamara, D., & Beauchaine, T. P. (2019). A review of Sleep distur-
bances among infants and children with Neurodevelopmental dis-
orders. Review Journal of Autism and Developmental Disorders,
7(3), 278-294. https://doi.org/10.1007/s40489-019-00193-8

Kang, J. N., Song, J. J., Casanova, M. F., Sokhadze, E. M., & Li, X. L.
(2019). Effects of repetitive transcranial magnetic stimulation on
children with low-function autism. CNS Neuroscience & Thera-
peutics, 25(11), 1254-1261. https://doi.org/10.1111/cns.13150

Kanupka, J. W., Oriel, K. N., George, C. L., Crist, L., Deardorff, K.,
Douglass, D., & Wirick, D. (2018). The impact of aquatic Exer-
cise on Sleep behaviors in children with Autism Spectrum Disor-
der. Journal of Intellectual Disability - Diagnosis and Treatment,
6(1), 1-7. https://doi.org/10.6000/2292-2598.2018.06.01.1

Kinchington, M., Ball, K., & Naughton, G. (2010). Monitoring of lower
limb comfort and injury in elite football. Journal of Sports Sci-
ence and Medicine, 9(4), 652—663. ://W0S:000284935800016.

Krakowiak, P., Goodlin-Jones, B., Hertz-Picciotto, I., Croen, L. A.,
& Hansen, R. L. (2012). Sleep problems in children with autism
spectrum disorders, developmental delays, and typical develop-
ment: A population-based study. Journal of Sleep Research, 21(2),
231-231. https://doi.org/10.1111/j.1365-2869.2012.01012.x

Kredlow, M. A., Capozzoli, M. C., Hearon, B. A., Calkins, A. W., &
Otto, M. W. (2015). The effects of physical activity on sleep: A
meta-analytic review. Journal of Behavioral Medicine, 38(3),
427-449. https://doi.org/10.1007/s10865-015-9617-6

Lazzari, R., Corrales, G., Lopes, J., Gonzales, F., Messias, L., Pini-
lla, O., & Oliveira, C. (2019). Effects of Transcranial Direct cur-
rent stimulation combined with Motor Training in an individual
with Parkinson’s Disease. Brain Stimulation, 12(2). https://doi.
org/10.1016/j.brs.2018.12.726

Li, J., Xu, J., & Luo, J. (2020). Advances on GABAergic interneurons
in autism spectrum disorders. Zhejiang Da Xue Xue bao Yi xue
ban =Journal of Zhejiang University Medical Sciences, 49(4),
508-513. https://doi.org/10.3785/j.issn.1008-9292.2020.08.10

Li, X., Zhang, C., Tan, J., Ding, L., Wang, C., Wang, M., & Lin, Y.
(2022). Clinical effects of continuous theta burst stimulation
for generalized anxiety disorder and a mechanism involving a

@ Springer

oscillations: A randomized controlled trial. Journal of Psychiatry
and Neuroscience, 47(2), E123—-E133. https://doi.org/10.1503/
jpn.210134

Liang, X., Haegele, J. A., Tse, A. C., Li, M., Zhang, H., Zhao, S., & Li,
S. X. (2024). The impact of the physical activity intervention on
sleep in children and adolescents with autism spectrum disorder:
A systematic review and meta-analysis. Sleep Medicine Reviews,
74, 101913. https://doi.org/10.1016/j.smrv.2024.101913

Lin, T. W., & Kuo, Y. M. (2013). Exercise benefits brain function: The
Monoamine connection. Brain Sciences, 3(4), 39-53. https://doi.
org/10.3390/brainsci3010039

Lopez-Diaz, J. M., Custodio, F., N., & Garrote Camarena, 1. (2021).
Football as an alternative to work on the development of Social
skills in children with Autism Spectrum Disorder with Level 1.
Behavioral Sciences, 11(11). https://doi.org/10.3390/bs11110159

Lu Jian-ping, Y. Z., Ming-yao, S. H. U., & Lin-yan, S. U. (2004). Reli-
ability, validity analysis of the childhood autism rating scale.
China Journal of Modern Medicine.

Luo, J., Wang, M. C., Gao, Y., Zeng, H., Yang, W., Chen, W., & Qi,
S. (2019). Refining the parenting stress index—short form (PSI-
SF) in Chinese parents. Assessment, 28(2), 551-566. https://doi.
org/10.1177/1073191119847757

Luo, X., Xiong, Y., Gu, M., Huang, L., Lu, Z., Zhong, X., & Zou, S.
(2022). Reliability and validity of the repetitive behavior scale-
revised for young Chinese children with autism spectrum disor-
der in Jiangxi Province. Frontiers in Pediatrics, 10. https://doi.
org/10.3389/fped.2022.939841

Maenner, M. J., Shaw, K. A., Bakian, A. V., Bilder, D. A., Durkin, M.
S., Esler, A., & Cogswell, M. E. (2021). Prevalence and char-
acteristics of Autism Spectrum Disorder among children aged 8
years — Autism and Developmental Disabilities Monitoring Net-
work, 11 sites, United States, 2018. MMWR Surveillance Sum-
maries, 70(11), 1-16. https://doi.org/10.15585/mmwr.ss7011al

Mahalakshmi, B., Maurya, N., Lee, S. D., & Bharath Kumar, V.
(2020). Possible neuroprotective mechanisms of Physical Exer-
cise in Neurodegeneration. International Journal of Molecular
Sciences, 21(16). https://doi.org/10.3390/ijms21165895

Mahmoodifar, E., & Sotoodeh, M. S. (2019). Combined Transcra-
nial Direct Current Stimulation and Selective Motor Training
enhances Balance in Children with Autism Spectrum Disor-
der. Perceptual and Motor Skills, 127(1), 113—125. https://doi.
org/10.1177/0031512519888072

Mak, M. K. Y. (2013). Repetitive transcranial magnetic stimulation
combined with treadmill training can modulate corticomotor
inhibition and improve walking performance in people with Par-
kinson’s disease. Journal of Physiotherapy, 59(2). https://doi.
org/10.1016/51836-9553(13)70167-x

Malow, B. A., Marzec, M. L., McGrew, S. G., Wang, L., Henderson, L.
M., & Stone, W. L. (2006). Characterizing sleep in children with
Autism Spectrum disorders: A Multidimensional Approach. Sleep,
29(12), 1563—1571. https://doi.org/10.1093/sleep/29.12.1563

Mayes, S. D., & Calhoun, S. L. (2009). Variables related to sleep prob-
lems in children with autism. Research in Autism Spectrum Dis-
orders, 3(4), 931-941. https://doi.org/10.1016/j.rasd.2009.04.002

Mazurek, M. O., & Petroski, G. F. (2015). Sleep problems in children
with autism spectrum disorder: Examining the contributions of
sensory over-responsivity and anxiety. Sleep Medicine, 16(2),
270-279. https://doi.org/10.1016/j.sleep.2014.11.006

Mische Lawson, L., & Little, L. (2017). Feasibility of a swimming
intervention to Improve Sleep behaviors of Children with Autism
Spectrum Disorder. Therapeutic Recreation Journal, 51(2),
97-108. https://doi.org/10.18666/trj-2017-v51-i2-7899

Morgan, P. T., Pace-Schott, E. F., Mason, G. F., Forselius, E., Fasula,
M., Valentine, G. W., & Sanacora, G. (2012). Cortical GABA
levels in primary insomnia. Sleep, 35(6), 807-814. https://doi.
org/10.5665/sleep.1880


https://doi.org/10.1503/jpn.210134
https://doi.org/10.1503/jpn.210134
https://doi.org/10.1016/j.smrv.2024.101913
https://doi.org/10.3390/brainsci3010039
https://doi.org/10.3390/brainsci3010039
https://doi.org/10.3390/bs11110159
https://doi.org/10.1177/1073191119847757
https://doi.org/10.1177/1073191119847757
https://doi.org/10.3389/fped.2022.939841
https://doi.org/10.3389/fped.2022.939841
https://doi.org/10.15585/mmwr.ss7011a1
https://doi.org/10.3390/ijms21165895
https://doi.org/10.1177/0031512519888072
https://doi.org/10.1177/0031512519888072
https://doi.org/10.1016/s1836-9553(13)70167-x
https://doi.org/10.1016/s1836-9553(13)70167-x
https://doi.org/10.1093/sleep/29.12.1563
https://doi.org/10.1016/j.rasd.2009.04.002
https://doi.org/10.1016/j.sleep.2014.11.006
https://doi.org/10.18666/trj-2017-v51-i2-7899
https://doi.org/10.5665/sleep.1880
https://doi.org/10.5665/sleep.1880
https://doi.org/10.2196/51212
https://doi.org/10.1016/j.neuron.2004.12.033
https://doi.org/10.1016/j.neuron.2004.12.033
https://doi.org/10.1016/j.brs.2018.05.016
https://doi.org/10.1016/j.brs.2018.05.016
https://doi.org/10.1542/peds.2019-3447
https://doi.org/10.3389/fnint.2020.00013
https://doi.org/10.3389/fnbeh.2017.00234
https://doi.org/10.1007/s40489-019-00193-8
https://doi.org/10.1111/cns.13150
https://doi.org/10.6000/2292-2598.2018.06.01.1
https://doi.org/10.1111/j.1365-2869.2012.01012.x
https://doi.org/10.1007/s10865-015-9617-6
https://doi.org/10.1016/j.brs.2018.12.726
https://doi.org/10.1016/j.brs.2018.12.726
https://doi.org/10.3785/j.issn.1008-9292.2020.08.10

Journal of Autism and Developmental Disorders (2026) 56:241-255

255

Mostafavi, S. A., Khaleghi, A., & Mohammadi, M. R. (2020). Non-
invasive brain stimulation in alcohol craving: A systematic
review and meta-analysis. Progress in Neuro-Psychopharma-
cology and Biological Psychiatry, 101. https://doi.org/10.1016/j.
pnpbp.2020.109938

Price, A. M. H., Brown, J. E., Bittman, M., Wake, M., Quach, J.,
& Hiscock, H. (2013). Children’s sleep patterns from 0 to 9
years: Australian population longitudinal study. Archives of
Disease in Childhood, 99(2), 119—125. https://doi.org/10.1136/
archdischild-2013-304150

Richdale, A. L. (2007). Sleep problems in autism: Prevalence, cause,
and intervention. Developmental Medicine & Child Neurol-
ogy, 41(1), 60-66. https://doi.org/10.1111/j.1469-8749.1999.
tb00012.x

Romero, M. C., Merken, L., Janssen, P., & Davare, M. (2022). Neural
effects of continuous theta-burst stimulation in macaque parietal
neurons. eLife, 11. https://doi.org/10.7554/eLife.65536

Sabbagh, M., Sadowsky, C., Tousi, B., Agronin, M. E., Alva, G.,
Armon, C., & Pascual-Leone, A. (2020). Effects of a combined
transcranial magnetic stimulation (TMS) and cognitive train-
ing intervention in patients with Alzheimer’s disease. Alzheim-
er’s & Dementia, 16(4), 641-650. https://doi.org/10.1016/j.
jalz.2019.08.197

Schopler, E., Reichler, R. J., DeVellis, R. F., & Daly, K. (1980). Toward
objective classification of childhood autism: Childhood Autism
Rating Scale (CARS). Journal of Autism and Developmental Dis-
orders, 10(1), 91-103. https://doi.org/10.1007/bf02408436

Shui, A. M., Richdale, A. L., & Katz, T. (2021). Evaluating sleep qual-
ity using the CSHQ-Autism. Sleep Medicine, 87, 69-76. https://
doi.org/10.1016/j.sleep.2021.08.022

Tan, T. X., Wang, Y., Cheah, C. S. L., & Wang, G. H. (2018). Reli-
ability and construct validity of the children’s Sleep habits Ques-
tionnaire in Chinese kindergartners. Sleep Health, 4(1), 104-109.
https://doi.org/10.1016/j.s1eh.2017.10.008

Thorell, L. B., & Nyberg, L. (2008). The Childhood Executive Func-
tioning Inventory (CHEXI): A New Rating Instrument for parents
and teachers. Developmental Neuropsychology, 33(4), 536-552.
https://doi.org/10.1080/87565640802101516

Tobing, L. E., & Glenwick, D. S. (2002). Relation of the Childhood
Autism rating scale-parent version to diagnosis, stress, and age.
Research in Developmental Disabilities, 23(3), 211-223. https://
doi.org/10.1016/s0891-4222(02)00099-9

Tsai, T. H., Chen, Y. L., & Gau, S. S. F. (2019). Relationships between
autistic traits, insufficient sleep, and real-world executive

functions in children: A mediation analysis of a national epidemi-
ological survey. Psychological Medicine, 51(4), 579-586. https://
doi.org/10.1017/s0033291719003271

Tse, C. Y. A., Lee, H. P, Chan, K. S. K., Edgar, V. B., Wilkinson-Smith,
A., & Lai, W. H. E. (2019). Examining the impact of physical
activity on sleep quality and executive functions in children with
autism spectrum disorder: A randomized controlled trial. Autism,
23(7), 1699-1710. https://doi.org/10.1177/1362361318823910

Veatch, O. J., Maxwell-Horn, A. C., & Malow, B. A. (2015). Sleep
in Autism Spectrum disorders. Current Sleep Medicine Reports,
1(2), 131-140. https://doi.org/10.1007/s40675-015-0012-1

Wang, J. G., Cai, K. L., Liu, Z. M., Herold, F., Zou, L., Zhu, L. N., &
Chen, A. G. (2020). Effects of Mini-basketball Training Program
on Executive functions and Core symptoms among Preschool
Children with Autism Spectrum disorders. Brain Sciences, 10(5).
https://doi.org/10.3390/brainscil 0050263

Wei, W. E. 1, Jing-jing, X. Q. Z. H. U.,, Wei2, H. E., & LI Yan.
(2018). The Psychometric Characteristics of Childhood Execu-
tive Functioning Inventory among Chinese preschoolers. Chinese
Journal of Clinical Psychology, 26. https://doi.org/10.16128/j.
cnki.1005-3611.2018.01.006

Wiggs, L., & Stores, G. (2007). Sleep patterns and sleep disor-
ders in children with autistic spectrum disorders: Insights
using parent report and actigraphy. Developmental Medicine
& Child Neurology, 46(6), 372-380. https://doi.org/10.1017/
s0012162204000611

Wischnewski, M., & Schutter, D. J. L. G. (2015). Efficacy and Time
Course of Theta Burst Stimulation in healthy humans. Brain Stim-
ulation, 8(4), 685—692. https://doi.org/10.1016/j.brs.2015.03.004

Yang, Y. W., Pan, W. X_, & Xie, Q. (2020). Combined effect of repeti-
tive transcranial magnetic stimulation and physical exercise on
cortical plasticity. Neural Regeneration Research, 15(11). https://
doi.org/10.4103/1673-5374.282239

Zhou, H., Xu, X., Yan, W., Zou, X., Wu, L., Luo, X., & Wang, Y.
(2020). Prevalence of Autism Spectrum Disorder in China: A
Nationwide Multi-center Population-based study among chil-
dren aged 6 to 12 years. Neuroscience Bulletin, 36(9), 961-971.
https://doi.org/10.1007/s12264-020-00530-6

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1017/s0033291719003271
https://doi.org/10.1017/s0033291719003271
https://doi.org/10.1177/1362361318823910
https://doi.org/10.1007/s40675-015-0012-1
https://doi.org/10.3390/brainsci10050263
https://doi.org/10.16128/j.cnki.1005-3611.2018.01.006
https://doi.org/10.16128/j.cnki.1005-3611.2018.01.006
https://doi.org/10.1017/s0012162204000611
https://doi.org/10.1017/s0012162204000611
https://doi.org/10.1016/j.brs.2015.03.004
https://doi.org/10.4103/1673-5374.282239
https://doi.org/10.4103/1673-5374.282239
https://doi.org/10.1007/s12264-020-00530-6
https://doi.org/10.1016/j.pnpbp.2020.109938
https://doi.org/10.1016/j.pnpbp.2020.109938
https://doi.org/10.1136/archdischild-2013-304150
https://doi.org/10.1136/archdischild-2013-304150
https://doi.org/10.1111/j.1469-8749.1999.tb00012.x
https://doi.org/10.1111/j.1469-8749.1999.tb00012.x
https://doi.org/10.7554/eLife.65536
https://doi.org/10.1016/j.jalz.2019.08.197
https://doi.org/10.1016/j.jalz.2019.08.197
https://doi.org/10.1007/bf02408436
https://doi.org/10.1016/j.sleep.2021.08.022
https://doi.org/10.1016/j.sleep.2021.08.022
https://doi.org/10.1016/j.sleh.2017.10.008
https://doi.org/10.1080/87565640802101516
https://doi.org/10.1016/s0891-4222(02)00099-9
https://doi.org/10.1016/s0891-4222(02)00099-9

	﻿Effects of Ball Combination Exercise Combined with cTBS Intervention on Sleep Problems in Children with Autism
	﻿Ball Combination Exercise Intervention and Sleep Problems in Children with ASD
	﻿cTBS Intervention and Sleep Problems in Children with ASD
	﻿Combined Interventions and Sleep Problems in Children with ASD
	﻿Different Intervention Programs and Sleep Problems in Children with ASD
	﻿Materials and Methods
	﻿Participants
	﻿Study Design
	﻿Ball Combination Exercise Training Program
	﻿cTBS Intervention Program
	﻿Combined Intervention Program
	﻿Control Group Intervention
	﻿Behavioral Measurement
	﻿Statistical Analysis

	﻿Results
	﻿Participant Characteristics
	﻿Effects of Different Interventions on Sleep Problems in Children with ASD
	﻿Effects of Different Interventions on CSHQ Scale Total Scores in Children with ASD
	﻿The Effect of Different Interventions on Sleep-onset Delay in Children with ASD
	﻿Effects of Different Interventions on Sleep Anxiety in Children with ASD
	﻿Comparison of the Effectiveness of Different Interventions on Sleep Problems in Children with ASD

	﻿Discussion
	﻿Conclusion
	﻿References


