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Telehealth based parental
support over 6 months improves
physical activity and sleep quality
in children with autism: a
randomized controlled trial
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'Key Laboratory of Physical Fitness and Exercise Rehabilitation of Hunan Province, Hunan Normal
University, Changsha, China, 2College of Physical Education, Hunan Normal University, Changsha,
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Purpose: Sleep disturbances are prevalent in autistic children. The emergence of
telehealth offers new possibilities for remote professional intervention. By
combining telehealth with parental support, this study aims to explore a novel
family-based model to enhance moderate-to-vigorous physical activity (MVPA)
and improve sleep quality in children with autism.

Methods: Thirty-four autistic children (mean age =15.7 years) were randomly
assigned to either a 6-month intervention group or a control group. Both groups
received standard physical education classes at school. The intervention group
received additional after-school telehealth support. MVPA and sleep quality were
assessed 1 week before the intervention and at the 6-month follow-up.

Results: After 6 months, children in the intervention group nearly doubled their
daily MVPA compared to the control group (Cohen's d =8.34, Clgsy, =6.17-
10.52). Actigraphy-assessed sleep efficiency was notably higher (d=2.35,
Clgsy = 1.44-3.26), and there were reductions in wake time (d =1.65, Clgsy =
0.84-2.46), sleep fragmentation (d=0.80, Clgsy =0.07-152), and sleep
latency (d =0.82, Clgsy, = 0.09-1.54) were all reduced. These improvements in
objective sleep metrics were corroborated by subjective assessments using the
Sleep Disturbance Scale for Children (d = 0.86, Clgsy, = 0.13-1.59).
Conclusions: Telehealth combined with parental support addresses barriers to
enhancing health behaviors at home. This innovative model not only improves
after-school MVPA and sleep quality in autistic children but also holds
significant potential for benefiting other populations requiring remote support.

Clinical Trial Registration: https://clinicaltrials.gov/study/NCT064446597
id=NCT064446598rank=1 (NCT06444659).

KEYWORDS
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1 Introduction

Autism spectrum disorder (hereafter referred to as autism), is characterized by
persistent deficits in social communication and interaction, along with restricted and
repetitive patterns of behavior, with a global prevalence of approximately 1% (1). Sleep
disorders are a common comorbidity in children with autism (2). Issues such as
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insomnia, irregular sleep-wake cycles, and frequent nocturnal
awakenings exacerbate the medical, psychiatric, and psychosocial
challenges associated with autism, placing a significant burden on
families. Sleep interventions typically involve pharmacological,
behavioral, or combined approaches. While medications such as
melatonin supplementation are widely used, their long-term
efficacy is variable (3, 4). Behavioral interventions often require
professional involvement (5), which can limit accessibility. On the
other hand, a substantial body of research supports the benefits of
physical activity, particularly moderate-to-vigorous physical activity
(MVPA), in improving sleep quality in autistic children (6). Given
the limitations of mainstream interventions, engaging in physical
activity presents an effective and safer alternative.

Promoting physical activity in children requires basic executive
functions and attention, areas in which autistic children often
This
structured interventions, with a strong emphasis on motivational

struggle (7, 8). unique condition necessitates more

support. studies have utilized school-based

exercise interventions to promote physical activity in autistic

Most previous

children. For instance, in one study, autistic children participated
in a 12-week basketball skills program, and post-intervention
assessments showed significant improvements in sleep quality
these
conditions requires more than just school-based environments.

during weekdays (9). However, addressing clinical
Developing health behaviors also depends on consistent parental
support and a conducive after-school environment. Parents,
driven by their commitment to their children’s well-being, are
uniquely positioned to provide the necessary daily support,
promoting sustained engagement in positive health behaviors.
Despite this, research on the impact of family support on
physical activity and subsequent improvements in sleep quality
for autistic children remains scarce.

Extensive research has established the critical role of parental
involvement in improving sleep quality in children (10). The
biopsychosocial model of sleep highlights that the balance
between sleep and wakefulness is sensitive to perceived
environmental and social threats, which can heighten arousal and
awareness, negatively impacting sleep quality (11). For autistic
children, their sense of safety is especially influenced by their
social and emotional environment. Parental support provides a
sense of physical and emotional security, which may be crucial
for promoting daily physical activity and good sleep hygiene.
While previous research has demonstrated the essential role of
parents in either promoting physical activity or improving sleep
quality among autistic children, it remains unclear whether
parental support in a home environment can effectively improve
both physical activity and sleep quality in this cohort. This gap
suggests that current exercise interventions have not fully
addressed the influence of family factors. From a practical
standpoint, daily home-based interventions are just as important
as school-based programs for fostering healthy behaviors.

Additionally, parents may generally lack the specialized
knowledge needed to understand the unique demands and
strategies required for behavioral modifications in autistic
children, which often necessitates professional guidance. With
advancements in technology, remote video consultations with
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experts have become possible for many services that traditionally
required on-site visits (12). Telehealth refers to healthcare
services provided through digital communication technologies
(13). This modality has rapidly evolved over the past few
decades, particularly during the coronavirus disease 2019
(COVID-19) pandemic, emerging as an effective and cost-
efficient means of delivering and accessing high-quality
healthcare services. Although this approach has not yet been
widely adopted, early findings suggest it has a promising effect
on promoting physical activity (14). To our knowledge, no study
has assessed the effectiveness of telehealth in addressing the
health needs of individuals with autism. Therefore, the purpose
of this study was to explore a novel telehealth-based parental
support model to evaluate its effectiveness in improving MVPA

and sleep quality in autistic children.

2 Methods
2.1 Study design

This randomized controlled trial (clinical registration:
NCT06444659) was approved by the Ethics Committee of Hunan
University (Approval No. 301 08/05/2023) and
conducted in accordance with the Declaration of Helsinki. Two

Normal

groups of families were recruited to voluntarily participate in
either a 6-month intervention or control period. While the
primary outcome of this study is sleep metrics, the power
analysis was based on MVPA due to its strong correlation with
sleep hygiene, as an improvement in MVPA is expected to lead
to better sleep quality. Assuming a p-value of 0.05 and a power
of 80% in a two-tailed test, the minimum number of participants
required to demonstrate statistical significance for this pre-post,
two-arm design is 15 per group, with a Cohen’s d of 1.1.
Considering a potential dropout rate of 10%, a total of 34
participants were required.

2.2 Participants

Potential families were contacted through a local special
education school in Changsha, Hunan Province, and informed
about the study’s aims, potential benefits, and risks. To
participate, families had to meet a set of inclusion and exclusion
criteria. The inclusion criteria were: children had a confirmed
diagnosis of autism as per the Diagnostic and Statistical Manual
of Mental Disorders, 5th Edition; children were between 12 and
15 years old; they had no contraindications to physical activity;
and they had not regularly engaged in structured exercise beyond
school-based physical education classes for at least 3 months
prior to the study. The exclusion criteria were: children with
other neurodevelopmental or psychiatric disorders; any hearing,
vision, or physical impairments; any severe clinical symptoms
that could interfere with participation; a history of psychotropic
medication use that could influence sleep within the past
3 months; the use of sleep medications within the past 3 months
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or during the course of the study; and missing more than two
regular school-based physical education classes or telehealth
sessions. A total of 34 families participated in the study, and
written informed consent was provided by the children’s legal
guardians. Additionally, we utilized the Childhood Autism Rating
Scale (CARS) to assess the severity of autism symptoms in each
participant, ensuring that variations in severity did not confound
the study’s results. The CARS consists of 15 items, each
addressing a different aspect of autism. Each item is rated on a
scale from 1 to 4, with total scores ranging from 30 to 37
indicating mild to moderate autism, while scores above 37
denote severe autism (15). The demographics of the participating
children are presented in Table 1.

2.3 Telehealth protocol

Both the intervention and control groups participated in the
standard three-times-per-week physical education classes at
school. After school, participants in the control group received
no additional support from the research team, while those in the
intervention group received regular telehealth support as follows:

The expert-family telehealth protocol was delivered through
Tencent’s VooV Meeting platform, with three 30-minute sessions
held each week. The expert team consisted of a certified autism
specialist and an exercise scientist with expertise in pediatric
physical activity. The live-conference training sessions included
guidance on establishing a supportive home environment,
managing anxiety, implementing structured relaxation routines—
such as yoga and mindfulness practices—and creating stable
evening routines with positive reinforcement to motivate the
child to engage in physical activities. In addition, parents utilized
video check-ins to ensure proper implementation of personalized
routines and to make adjustments as needed. This regular
feedback and
modifications to meet each child’s individual needs.

interaction allowed for real-time tailored

2.4 Evaluations

Children’s physical activity and sleep metrics were assessed 1
week before the study and 1 week after the 6-month period. The
ActiGraph GT3X+ (ActiGraph LLC, USA) was used to measure
physical activity levels and sleep patterns (16, 17). Children wore
the accelerometer on their right hip continuously for 7 days,
including 5 weekdays and 2 weekend days, removing it only

TABLE 1 Demographics.

‘ Control group Intervention group
9/8

N of boys/girls 10/7

Age (years) 159+0.2 15.5+0.2
Height (cm) 164.3£9.0 163.2+7.8
Weight (kg) 622492 60.8 +5.1
BMI (kg/m?) 23.1+24 229+15
CARS 33.0+2.6 32.8+2.6

Data are expressed as mean + standard deviations. CARS, childhood autism rating scale.
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during bathing. Researchers contacted parents daily to ensure
adherence and monitor device usage. The collected data included
time spent in MVPA and sleep metrics. Additionally, the Sleep
Disturbance Scale for Children, suitable for children aged 6-16
years (18), was used to subjectively assess the severity of sleep
disturbances. The scale comprises 26 items, each rated on a
5-point Likert scale, with the total score calculated by summing
the scores across all dimensions. A total score above 39 indicates
the presence of sleep disturbance (19).

2.5 Statistics

All statistical analyses were conducted using R version 4.4.1 (Race
for Your Life). Data structure was initially verified using the Shapiro-
Wilk test for normality and the Levene test for homogeneity of
variances. For non-Gaussian data, a natural logarithm
transformation was applied, and preliminary tests for statistical
assumptions were repeated. A mixed analysis of variance was used
to compare the effects of time and treatment. When significant
interactions were observed, simple main effects (group) were
examined, and follow-up pairwise comparisons were conducted
using the Holm method. Pearson’s chi-square test was used to
compare overall rates of subjective sleep disturbance between

groups. An alpha level of 0.05 was set for statistical significance.

3 Results

Figure 1 presents the ActiGraph data. After 6 months, children
in the intervention group nearly doubled their daily MVPA time
(mean of 43.6 min for the intervention group vs. 22.3 min for
the control group). Although there was no significant difference
in total sleep time, the intervention group showed significant
improvements in objective sleep metrics. Compared to the
control group, the intervention group had an average increase in
sleep efficiency by 3.7 percentage points, a reduction in wake
time by 4.4 min, a decrease in sleep fragmentation by 4.2
percentage points, and a reduction in sleep latency by 5.6 min
(all p-values less than 0.01).

These improvements in sleep quality are further supported by
subjective sleep assessments. As shown in Figure 2A, the log-
transformed total score for sleep disturbance was significantly
reduced at the 6-month mark (p <0.01). Although the between-
group comparison did not reach statistical significance at the five
percent level (p=0.07, as shown in Figure 2B), the number of
children with abnormal sleep disturbance in the intervention
group was significantly reduced after 6 months (p=0.00651).
Thus, we conclude that the reduction in abnormal sleep
disturbances over time is likely attributable to the intervention.

4 Discussion

It is well established that parental support plays a crucial role in
developing health behaviors in autistic children. This study
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FIGURE 1

Actigraph data. (A) MVPA; (B) Total sleep time; (C) Sleep efficiency; (D) Wake time after sleep onset; (E) Sleep fragmentation index; (F) Sleep onset latency.
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establishes key connections between expert-guided telehealth
platforms and their effectiveness in enhancing MVPA and
improving various sleep metrics in autistic children, thereby
contributing to the literature. Our method uniquely combines
telehealth with a structured physical activity program, allowing
for real-time feedback and personalized support tailored to each
child’s unique needs. This integration not only empowers parents
to actively participate in their child’s health behaviors but also
addresses barriers that traditional school-based approaches may
overlook. Compared to broader school-based approaches, this
model offers a more comprehensive strategy for sustaining
behavior change. Consequently, we provide the first empirical
evidence supporting the use of telehealth to improve the quality
of life for children with autism.

Regular physical activity, particularly moderate-to-vigorous
physical activity (MVPA), offers various health benefits throughout
life. However, autistic children often exhibit different behavior
patterns from their typically developing peers due to poor executive
functions and attention deficits (7, 20), which can hinder their
engagement in MVPA. Previous studies have successfully used
school-based exercise interventions to improve gross motor skills
and physical activity in autistic children (21, 22). However, research
on after-school physical activity for autistic children is limited, and a
major barrier to participation is a lack of time among parents (23),
highlighting a family-related opportunity to enhance MVPA. Healy
and colleagues, through interviews with 13 families of autistic
children, suggested that reminding parents of the importance of
physical activity is essential for motivating both themselves and
their children to engage in it (24). Our results provide empirical
evidence supporting this theory, demonstrating that planned
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telehealth video consultations and follow-ups can actively motivate
parents to encourage their children’s overall leisure-time physical
activity, thereby improving daily MVPA. This underscores the
critical role of parental engagement in fostering proactive living
habits within this cohort.

Despite the substantial impact of telehealth-based parental
support on physical activity, the participants’ daily MVPA only
below the World Health
Organization’s recommended 60 min of daily physical activity for

increased to 44 min, which is
this age group (25). This study did not impose a mandatory daily
physical activity requirement on participating families, considering
the diverse conditions of each family. While future studies could
explore setting specific exercise goals, the primary focus should
remain on fostering lasting behavioral changes for both parents and
their children. Over the 6-month period of continuous professional
support, the aim was for parents to integrate proactive living into
their routine family educational philosophy and, in turn, enhance
their children’s positive attitudes towards exercise and sports during
this critical developmental stage. In the long term, it is hoped that
autistic individuals will voluntarily engage in physical activity
throughout their lives, thereby benefiting from improved physical
and mental health due to their proactive living habits. A longer
follow-up study is needed to validate this hypothesis.

Autistic children with sleep problems may be particularly
vulnerable to irritability, inattentiveness, or motor deficiencies,
which can exacerbate their clinical challenges. Therefore, the
improvement in various sleep metrics observed in this study is
highly significant for these children and their families. Both
groups in this study achieved approximately 8 h of daily sleep
(Figure 1A), meeting the lower end of the recommended
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sleep duration (26). However, for individuals with sleep issues,
sleep quality is often a more reliable indicator of overall sleep
than After the 6-month
intervention, autistic children showed significant improvements

experience sleep quantity (27).
in objective sleep efficiency (d=2.35), reduced wake time
(d=1.65), decreased sleep fragmentation (d = 0.80), reduced sleep
latency (d=0.82), and subjective sleep disturbance (d=0.86).
From a probabilistic perspective (28), these improvements reflect
a 71.4%-92.1% probability of superiority in sleep quality
compared to the control group. Notably, these effects appear to
surpass those of melatonin treatment (29) and behavioral sleep
interventions (30) for autism. From both economic and
treatment effectiveness standpoints, the current home-based,
parental support-induced physical activity model is preferable for
enhancing the sleep quality of autistic children.

The improved sleep quality observed in our sample may be
attributed to three main factors. First, increased Physical
Activity: Improvement in daily MVPA is associated with better
sleep quality. Existing evidence generally supports the
relationship between increased physical activity and improved
nocturnal sleep health among children and adolescents (31).
The elevated melatonin levels following exercise have been
proposed as a potential mechanism (32), though further
research is needed to confirm these findings. Additionally,
improved sleep quality can enhance daytime physical activity
(33), creating a positive feedback loop that promotes overall
physical and mental health. Second, the telehealth meetings
introduced anxiety management strategies, which may have
helped parents create a more supportive and relaxed home
environment. Strong  parent-child relationships  provide
sustained support for long-term health behavior changes. A
coherent family environment is associated with longer sleep
duration, reduced nighttime awakenings, and more consistent
sleep patterns in children (34, 35). Through expert consultation
and feedback, parents became more effective at offering
autonomy support, establishing clear behavioral expectations,
This
approach fostered a secure and inclusive environment for

and providing consistent emotional reinforcement.
autistic children and effectively reduced psychological barriers
to physical activity. Third, this study addresses a gap in research
on after-school interventions for sleep quality in autistic
children. There may be a causal relationship between night-time
physical activity and improved sleep quality. While some
theories suggest that evening exercise could blunt nocturnal
melatonin increases (36, 37), experimental studies challenge this
link (38, 39) and suggest other factors at play. For example,
acute bouts of exercise can elevate gamma-aminobutyric acid
(GABA) levels in the cortex (40, 41), and GABA’s brain
relaxant effects are well established (42). We hypothesize that
through parental support, autistic children began engaging in
regular after-school and even night-time physical activities,
leading to elevated GABA levels and subsequently better sleep
quality. This hypothesis opens new avenues for future research.
We recommend exploring different exercise modalities and
intensities to further investigate their impact on GABA levels
and sleep quality in autistic children.
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In conclusion, this study provides the first empirical evidence
demonstrating that telehealth—a highly accessible expert-patient
protocol—can effectively improve the well-being of autistic
children. By interacting with experts through the digital platform,
parents were able to create a supportive family environment,
which resulted in significant improvements in their children’s
MVPA and sleep quality. This study establishes a novel
treatment model that addresses the needs of families with autistic
children and highlights the potential of telehealth in digital
societies. We anticipate that this approach could have broad
applications, extending beyond enhancing the quality of life for
autistic individuals to potentially benefiting other populations in
need of remote support and intervention.

5 Study limitations

This study, while offering important insights, acknowledges
several limitations. The relatively small sample size may limit the
generalizability of the findings, undersocring the need for larger
and more diverse cohorts to enhance applicability across various
socio-economic  backgrounds and  geographic locations.
Furthermore, the lack of control over external influences, such as
variations in family dynamics and school environments, may
have affected the outcomes. Future research should consider
effective strategies to account for these variables or adopt a more
comprehensive analytical approach to better isolate the true
effects of the intervention. Additionally, the focus on child
outcomes did not sufficiently evaluate changes in parental
behaviors and attitudes towards health promotion. Investigating
how parental engagement and education through telehealth
might influence their health behaviors could provide further
child while the

hypothesized that improvements in sleep quality might be linked

insights  into outcomes. Lastly, study
to increased GABA levels and reduced anxiety, the underlying

biological mechanisms remain largely unexplored. Future
research should aim to clarify these physiological changes
associated with telehealth interventions, including hormonal

responses related to exercise.
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