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Abstract

Background Children and adolescents with autism spectrum disorder (ASD) frequently experience sleep problems.
Although various pharmacological, behavioral, and physical interventions have demonstrated efficacy in improving
sleep among children with ASD, the relative effectiveness of these interventions remains unclear.

Methods We will conduct a systematic literature search to identify randomized controlled trials that evaluate

the efficacy of pharmacological (e.g., melatonin), psychological (e.g., cognitive behavioral therapy), and physical

(e.g., bright light therapy) interventions for sleep problems in children with ASD. We will search PubMed, PsycINFO,
Cochrane CENTRAL, major trial registries, and regulatory agency websites. We will assess the Cochrane Risk of Bias 2.0
(RoB 2.0) tool for primary outcome and the Risk Of Bias due to Missing Evidence in Network meta-analysis (ROB-MEN)
tool for the bias due to missing network evidence. A network meta-analysis (NMA) will be performed to compare

the included interventions. The primary outcome will be sleep onset latency, while secondary outcomes will include
other sleep variables, all-cause dropouts, and sleep disturbances assessed using standardized measures. We will assess
confidence in NMA(CINeMA).

Discussion Our NMA aims to provide evidence-based insights into the effectiveness of sleep interventions for cli-
nicians, children with ASD, and their caregivers. This information will help guide treatment decisions and improve
the quality of life for children with ASD and their families.

Systematic review registration PROSPERO CRD42024592795.

Keywords Developmental disorders, Sleep disturbances, Melatonin, Orexin, Behavior therapy, Chronotherapy, Light
therapy, Matless technology, Weighted blanket
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Background

Sleep disturbances represent one of the most commonly
reported problems among children and adolescents
(henceforth, children) with autism spectrum disorder
(ASD), affecting between 37 to 93% of children [1]. Chil-
dren and adolescents with ASD tend to experience higher
rates of sleep problems such as bedtime resistance, pro-
longed sleep onset latency, short sleep duration, sleep-
related anxiety, and daytime sleepiness compared to their
non-autistic peers [2]. These sleep problems often persist
into adulthood [3]. In addition, impaired sleep quality is
associated with the severity of social dysfunction, sensory
sensitivity, and internalizing and externalizing behav-
ior problems in children with ASD [4]{Du, 2023, Neu-
rometabolite levels in the brains of patients with autism
spectrum disorders: A meta-analysis of proton magnetic
resonance spectroscopy studies (N=1501)}.

Recent systematic reviews demonstrate the efficacy of
melatonin [5] and behavioral interventions such as stim-
ulus control, extinction, or reinforcement for sleep prob-
lems among children with ASD [6]. Emerging evidence
also demonstrates the effectiveness of cognitive behav-
ioral therapy (CBT) for these children [7]. Improvement
in sleep following intervention has been shown to result
in secondary improvement in stereotypic behavior, inter-
nalizing and externalizing behavior problems, and quality
of life [8], underscoring the importance of effective sleep
intervention.

The American Academy of Neurology (AAN) devel-
oped a comprehensive practice guideline based on its
systematic review, recommending the combination of
melatonin and cognitive behavioral therapy (CBT) or
melatonin alone as interventions for bedtime resistance,
sleep onset latency, sleep continuity, and total sleep time
(Williams Buckley et al., 2020). However, the comparative
efficacy and acceptability of each intervention is unclear.
The recommendations of the AAN were based on a series
of pairwise meta-analyses of each intervention compared
with control condition and, therefore, cannot inform the
relative effects of each intervention approach. A recent
network meta-analysis focusing on the general pediatric
patient population showed that light therapy is effective
for sleep onset latency (SOL), an evidence-based psycho-
logical intervention (EBPI) that includes CBT and paren-
tal intervention for wake-after-sleep onset (WASO), and
EBPI plus light therapy for total sleep time (TST) com-
pared to control condition [9]. Still, there are several
challenges in applying these results to children with ASD.
First, the comparative effectiveness of different sleep
interventions for the ASD population remains unclear.
Second, psychological and behavioral interventions have
distinct therapeutic mechanisms and may have vary-
ing effects depending on the child’s characteristics. As
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such, they should be separate into one category to inform
clinical decision-making pragmatically. It is also inap-
propriate to classify the various control conditions used
in these studies into one node because different control
conditions, e.g. placebo, treatment as usual or waiting
list, lead to different efficacy estimates [10]. Third, since
2020, there has been an exponential increase in clinical
trials of sleep interventions for people with ASD, war-
ranting analyses and syntheses that reflect recent data in
the 20205 [11, 12].

To address these issues, we hereby plan a network
meta-analysis (NMA) of sleep intervention for children
and adolescents with ASD.

Aim

We will investigate the comparative efficacy and accept-
ability of pharmacological, psychological, behavioral, and
physical interventions for disrupted sleep in children and
adolescents with autism spectrum disorder (ASD).

Methods

The protocol follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols
(PRISMA-P) [13] and extension statement for network
meta-analysis [14] where relevant for protocols. We
prospectively registered this protocol to PROSPERO
(CRD42024592795).

Data sources

Criteria for considering studies for this review

Study design

We will incluonde all randomized ctrolled trials of sleep-
focused interventions compared with other types of
intervention or control conditions for children and ado-
lescents with ASD.

Participants

Participants will be children and adolescents under 24
years of age, of any gender, who meet diagnostic criteria
for ASD or meet the thresholds of clinically relevant ASD
traits using a standardized screening scale. Studies allow-
ing participants with comorbid conditions (e.g., epilepsy,
intellectual disabilities, attention deficit hyperactivity
disorders, major depressive disorders, anxiety disorders,
and obsessive—compulsive disorders) will be included.
Still, we will test the influence of their inclusion in sensi-
tivity analyses.

Interventions and controls

We will select interventions from the practice guide-
lines of the American Academy of Neurology [15] and a
recent network meta-analysis on sleep intervention for
general pediatric populations [9]. All pharmacological,
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psychological, behavioral, and physical interventions
will be considered eligible. Pharmacological interven-
tions (i.e., medications) will include oral melatonin,
orexin receptor antagonists, antipsychotics, and other
hypnotic medications used to treat sleep disturbances.
Psychological and behavioral interventions refer to
those that are underpinned by psychological theories
and/or principles of applied behavior analysis and will
include cognitive behavioral therapy for sleep prob-
lems, parent education, parental training, and chrono-
therapy. Physical interventions involve modification to
the physical environment to primarily result in physi-
ological (as opposed to behavioral) changes, including
bright light therapy, Sound-to-Sleep mattress technol-
ogy, and weighted blankets. We will treat any com-
bined intervention (e.g., CBT + melatonin) as a distinct
node in the network meta-analysis if it is evaluated
as a separate arm in the original study. This applies to
both within-category (e.g., CBT + parent education)
and cross-category (e.g., behavioral + pharmacological)
combinations.

Table 1 Definition of interventions and control conditions
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The control conditions will include a pill placebo, atten-
tion/psychological placebo, no treatment, treatment as
usual, and waiting list. When the placebo, no treatment
or treatment as usual are used while waiting to receive
intervention, such arms will be classified as the waiting
list. We will include any psychological and behavioral
intervention format, including self-help learning with or
without guidance, internet or human-administered pro-
grams, face-to-face, hybrid or remote, and group or indi-
vidual. Table 1 shows a list of included interventions and
control conditions.

Search methods for identification of studies

We will conduct a comprehensive literature search
in PubMed, PsycINFO, Cochrane CENTRAL, major
trial registries, and regulatory agency websites with the
American Academy of Neurology’s revised search strings
(Table 2) until the most current date. A medical librar-
ian from Nagoya City University Kawasumi Library,
with experience in supporting systematic reviews, peer-
reviewed our search strategy in accordance with the

Names Description

Pharmacological intervention
Oral melatonin

A hormone naturally produced by the pineal gland that is often used as a supplement to regulate

circadian rhythms and manage sleep disorders. We will include melatonin receptor agonists such

as ramelteon

Orexin receptor antagonist

Other hypnotic medication

Psychological and behavioral intervention

Cognitive behavioral therapy

Parent education and training

Chronotherapy

Physical or environmental interventions
Bright light therapy

Adapted mattress technology
Weighted blanket

Control conditions
Pill placebo

Psychological/attention placebo

Usual care
Waiting list

A class of drugs that function by inhibiting the activity of orexins, neurotransmitters that play a key role
in maintaining wakefulness

Other medications that purpose to improve sleep such as benzodiazepines and trazodone

Structured programs help individuals identify and replace thoughts and behaviors that maintain sleep
problems with habits that promote sound sleep, including sleep restriction, stimulus control, cognitive
restructuring, sleep/wake rescheduling, and mindfulness. These programs may include written, digital,
or in-person information delivered individually or in groups

Provide parent psychoeducation about child sleep, including sleep hygiene, sleep scheduling, and con-
tingency management. This may include written, digital, or in-person information delivered in indi-
vidual or group format

Chronobiological intervention gradually shifts sleep and wake times to adjust the sleep schedule
to align with desired or socially acceptable times

Chronobiological intervention that adjusts sleep time by stimulating cells in the retina, which connects
to the hypothalamus, the brain region controlling human circadian rhythms

Mattress technology uses embedded acoustic resonators to transmit gentle sound waves, aiming
to improve sleep quality

Blankets, often filled with materials like plastic pellets or glass beads, to apply gentle, deep-pressure
stimulation across the body to promote relaxation and sleep onset

Often, sugar pills or treatments without active ingredients can elicit therapeutic effects
through the power of belief and expectation and are used in clinical trials

Control conditions that could generate expectation intervention effects for trial participants, such
as health education, sleep hygiene, or relaxation training

Typical continuous care or treatment in the context of each healthcare system
Conditions that provide delayed intervention after outcome collection
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Table 2 Search strings for PubMed, Cochrane CENTRAL, and PsycINFO
PubMed (((autis*[tiab] OR asperger*[tiab] OR "pervasive development* disorder*"[tiab] OR "Child Development Disorders, Pervasive"[Mesh])

AND ("Sleep Wake Disorders"[Mesh] OR sleep*[tiab] OR circadian*[tiab])) AND (randomized controlled trial[pt] OR controlled
clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR "drug therapy"[sh] OR randomly[tiab] OR trial[tiab] OR groupsi[tiabl))
AND (child*[tiab] OR adolescent*[tiab] OR youth*[tiab] OR "young adult*"[tiab] OR "Child"[Mesh] OR "Adolescent"'[Mesh]

OR "Young Adult"[Mesh])

Cochrane CENTRAL  ((autis* OR asperger* OR ("pervasive developmental disorders" OR "pervasive developmental disorder" OR "pervasive develop-
ment disorders" OR "pervasive development disorder")):ti,abkw OR [mh "Child Development Disorders, Pervasive"l) AND ([mh
"Sleep Wake Disorders"] OR (sleep* OR circadian*):ti,ab,kw) AND (Imh child] OR [mh Adolescent] OR [mh "Young Adult"] OR (child*

OR adolescent* OR youth* OR (young NEXT adult®)):ti,ab,kw))

PsycINFO ((autis* OR asperger* OR "Pervasive Developmental Disorder" OR "Autism Spectrum Disorder") AND (sleep* OR circadian*
OR insomnia) AND (randomized controlled trial OR controlled clinical trial OR randomized OR placebo OR "drug therapy" OR trial
OR groups) AND (child* OR adolescent* OR youth* OR "young adult*"))

PRESS (Peer Review of Electronic Search Strategies)
guideline [16] (see Supplementary information).

We will use a combination of index and free terms
relating to sleep interventions and autism spectrum dis-
order with filters for randomized clinical trials. We will
impose no date, language, or publication status restric-
tion and include dissertations, conference abstracts, and
trial registries. We will check the reference lists of identi-
fied studies and review articles for additional potentially
eligible records.

Data collection and analysis

Selection of studies

Two reviewers will independently screen titles and
abstracts from the potential studies, classify them as
“retrieve” vs. “not retrieve,” and retrieve the full-text pub-
lications for the studies identified as potentially relevant.
Two reviewers will screen the full text independently and
select eligible studies that meet the inclusion criteria. We
will resolve disagreements through discussion between
pairs or consult with a third reviewer if necessary. We will
calculate the kappa for inter-rater reliability of full-text
screening. We will identify duplicate publications. We
will record details in a PRISMA flow diagram. We will
utilize Covidence to facilitate both the title and abstract
screening as well as the full-text screening processes.

Data items

Two reviewers will independently extract the data from
each study’s eligible arms in the Covidence. Any disa-
greement will be resolved through discussion or with a
third person if necessary. We will abstract the following
information.

1. Characteristics of the studies
We will extract trial registration ID, number of arms,

treatment or control arm, number of each arm, year
of publication, country, study site (single or multi-

center), study design (individual or cluster), popu-
lation characteristics (mean age, number of female
participants), the definition of ASD, intervention
type(pharmacological, psychological and behavioral,
or physical), the definition of inclusion, intervention
(content, delivery format, duration), duration of fol-
low-up.

. Risk of bias

Two reviewers will assess the risk of bias for the pri-
mary outcome in each domain of the Cochrane Risk
of Bias 2.0 tool (RoB2) [17]. The RoB2 tool is specifi-
cally designed for randomized controlled trials and
evaluates five key domains of potential bias: (1) bias
arising from the randomization process, (2) bias due
to deviations from intended interventions, (3) bias
due to missing outcome data, (4) bias in the meas-
urement of the outcome, and (5) bias in the selection
of the reported result. Each domain will be assessed
using signaling questions that guide the reviewers in
categorizing the risk of bias as “low risk,” “some con-
cerns,” or “high risk” These domain-specific judg-
ments will then be used to determine the overall risk
of bias for each study.

If disagreements arise between the two reviewers
during the assessment process, a structured approach
will be taken to resolve them. The reviewers will dis-
cuss the points of contention, referencing the RoB2
guidance document and study-specific information
to reach a consensus. In cases where consensus can-
not be achieved, a third reviewer with expertise in
systematic reviews and bias assessment will be con-
sulted to make a final determination.

To ensure the reliability of the assessments, inter-
rater agreement will be calculated using Cohen’s
kappa statistic. This statistical measure will provide
an objective evaluation of the consistency between
the reviewers’ judgments and highlight any poten-
tial areas where further refinement of the assessment
process might be required.
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In addition to assessing the risk of bias at the study
level, we will evaluate bias at the network level using
the Risk of Bias due to Missing Evidence in Network
Meta-Analysis (ROB-MEN) tool [18]. The ROB-
MEN tool addresses the risk of bias introduced by
missing studies or network connections in the meta-
analysis. It evaluates whether the evidence available
in the network is sufficiently robust and representa-
tive to support reliable conclusions. By combin-
ing RoB2 assessments with ROB-MEN evaluations,
we aim to ensure a comprehensive and transparent
appraisal of bias that enhances the credibility and
robustness of our findings.
3. Data to calculate effect sizes

We will calculate the between-group standardized
mean difference (SMD) by dividing the differences in
the change score from baseline to post-intervention
of the continuous outcomes by the observed SD of
the endpoint scores (preferred) or by dividing the dif-
ferences in the endpoint scores by the observed SD of
the endpoint scores. We will calculate the odds ratio
(OR) for all-cause dropouts from the study.

Primary outcome and secondary outcomes
The primary outcome is sleep onset latency (SOL) meas-
ured by sleep diary at short-term (post-intervention)
periods. There are various possible indicators for sleep
problems in ASD. However, we consider difficulty falling
asleep to be an indicator that covers a wide range of prob-
lems, including insomnia, sleep resistance, and delayed
sleep phase. We prioritize patients’ self-report SOL and
other reports if patients’ self-reports are not available.

Secondary outcomes include acceptability, defined as
all-cause dropouts from the study, wake after sleep onset
(WASQ), total sleep time (TST), waking time (W'T),
and other sleep disturbances assessed by standardized
measures at a short-term period. We define sleep distur-
bance widely, including insomnia, circadian sleep phase
problems, and sleep resistance or phobias. Sleep distur-
bances should be evaluated using validated scales such
as the Sleep Disturbance Scale for Children (SDSC) [19],
the Children’s Sleep Habits Questionnaire (CSHQ [20]),
the Children’s Report of Sleep Pattern-Sleepiness Scale
(CRSPSS [21]) and the Insomnia Severity Index (ISI) [22].

We investigate the effects of intervention for all sleep
variables(SOL, WASO, TST, and WT) at the long-term
periods(up to six-month follow-up). To maintain inter-
pretability and avoid bias due to time-point heterogene-
ity, short-term and long-term outcomes will be analyzed
separately and not pooled in the same analysis.

We will calculate SMD as reported by the original
authors, who followed the intention-to-treat principle as
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closely as possible. We will calculate the OR by assuming
all non-reported cases as dropouts.

Statistical analyses

We will use R (latest version, R Foundation, Vienna, Aus-
tria) (R Core Team, 2020) package “NMA” [23], which
implements frequentist contrast-based network meta-
analysis methods, for primary analyses. The package is
publicly available at https://cran.r-project.org/web/packa
ges/NMA/.

We assume a random-effect model considering clini-
cal and methodological heterogeneities in intervention
effects among studies. We will create a network diagram
for each outcome and examine the network’s transitivity,
inconsistency, and heterogeneity.

We will examine transitivity in the network by com-
paring the distribution of important potential effect
modifiers across the comparisons, including gender, age,
baseline severity of autistic symptoms, and psychiatric
and physical comorbidities. We will examine heteroge-
neities by comparing common 12 of a network meta-anal-
ysis against their empirical distributions [24, 25]. In the
case of substantive heterogeneity, we will explore their
sources through the pre-planned subgroup analyses. We
will investigate inconsistency in the network using the
local test of inconsistency (the side-splitting test (Konig
et al, 2013)) and the global test of inconsistency (the
design-by-treatment inconsistency model [26].

Certainty of evidence

We will assess the certainty of evidence in network esti-
mates of the primary outcome using Confidence in Net-
work Meta-Analysis(CINeMA [27]). CINeMA evaluates
six domains of confidence in network meta-analysis:
within-study bias, reporting bias, indirectness, impreci-
sion, and heterogeneity. We will use the developers’ web
application to assess CINeMA [28].

Publication bias
We will assess small study-effect bias by visually inspect-
ing asymmetry in the contour-enhanced funnel plot (all
active interventions against the controls, including the
treatment as usual and the waiting list) and performing
Peters’ test [29].

Subgroup analyses

We will conduct subgroup analyses and meta-regressions
to examine the impact of age on the outcomes, as devel-
opmental differences between younger children, adoles-
cents, and young adults with autism spectrum disorder
(ASD) may influence treatment response. Participants
will be categorized into predefined age groups (e.g., chil-
dren under 10 years, adolescents aged 10—17 years, and
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young adults aged 18-24 years), and the results will be
compared to assess age-related effect modifications.

To ensure credibility, we will apply the ICEMAN tool
to evaluate the plausibility, consistency, independence,
and robustness of the observed subgroup effects [30]. We
will verify that findings are supported by prior evidence,
consistent across studies, free from confounding by other
modifiers, and adequately powered for analysis. Results
will be presented as pooled effect estimates with confi-
dence intervals, with meta-regressions assessing age as a
continuous variable for deeper insights. Findings will be
reported in line with PRISMA and ICEMAN guidelines
to ensure transparency and reliability, aiding in clinically
meaningful conclusions.

Sensitivity analyses
We will conduct sensitivity analyses by excluding studies
with a high risk of bias (RoB2), studies without a clini-
cal diagnosis of ASD, studies with more than 50% of par-
ticipants having comorbidity, studies not targeted sleep
disorders other than insomnia (e.g. circadian rhythm
sleep—wake disorders).

We will compare results from the full dataset and the
restricted dataset using forest plots to assess the impact
of study quality on network estimates.

Patient and public involvement
There was no patient or public involvement in preparing
this study plan.

Discussion

Our systematic review and NMA will contribute to the
existing body of evidence by synthesizing data on sleep
interventions’ comparative efficacy and acceptability for
ASD children. This work addresses critical gaps in under-
standing which interventions yield the most significant
improvements in sleep outcomes, an area of substantial
importance given the high prevalence of sleep distur-
bances in this population and their impact on overall
functioning and quality of life.

By leveraging the power of network meta-analysis, we
can integrate direct and indirect evidence to provide a
comprehensive overview of the available interventions.
The CINeMA framework allows us to systematically
evaluate the evidence’s certainty, considering domains
such as within-study bias, reporting bias, and transitiv-
ity. This rigorous approach ensures that our findings are
methodologically sound, highly transparent, and inter-
pretable for stakeholders.

Our NMA will empower patients, clinicians, car-
egivers, and policymakers with robust, evidence-based
insights to guide intervention choices tailored to the
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unique needs of individuals with ASD. By identifying
interventions with the highest certainty of evidence
and most significant clinical relevance, we aim to
improve both short- and long-term outcomes, address-
ing a critical unmet need in the care of this vulnerable
population.

Despite the strengths of this protocol, several limita-
tions should be acknowledged. First, clinical and meth-
odological heterogeneity across included studies may
affect the consistency and generalizability of network
estimates. Second, the risk of selective or incomplete
outcome reporting in original trials may introduce bias
into our synthesis. Third, this protocol was developed
without direct involvement of patients, caregivers, or
other stakeholders, which may limit the relevance of
certain outcomes or interpretations. We will address
these concerns through sensitivity analyses and trans-
parent reporting practices.

Supplementary Information

The online version contains supplementary material available at https://doi.
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