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Introduction

Autism spectrum disorder (ASD) is a common neurodeve-
lopmental disorder with a prevalence of approximately 1.7%
in the general population.1 ASD is mainly manifested as a

language disorder, social disorder, and stereotyped interest
orientation and belongs to a subtype of pervasive develop-
mental disorder.2 Studies have shown that childrenwith ASD
aremore likely to have sleep problems than childrenwithout
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Abstract Aim This study aimed to evaluate the effectiveness of melatonin in treating insomnia
in children with autism spectrum disorder (ASD).
Methods Comprehensive searches were conducted in the PubMed, EMBASE, and
Web of Science databases from their inception to April 20, 2022. Data were extracted
and assessed for quality by two researchers. Statistical analysis was performed using
the Stata 15.0 software.
Results Four studies including 238 patients were included. The results showed that
compared with the control group, melatonin could shorten the sleep-onset latency
(standardized mean difference [SMD]¼�1.34, 95% CI: �2.19 to �0.48), reduce the
number of awakenings (SMD¼ -2.35, 95% CI: �4.62 to �0.08), and prolong the total
sleep time (SMD¼1.42, 95% CI: 0.5–2.33) in children with ASD.
Conclusion Melatonin has a certain effect on relieving sleep disturbances in children
with ASD, which can shorten sleep latency, reduce the number of awakenings, and
prolong total sleep time. Larger studies are required to verify this hypothesis.
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ASD (11–37%), with a prevalence ranging from 50 to 80%.3–5

Sleep disturbance is often described as onset of insomnia or
difficulty initiating and maintaining sleep.6 The severity and
frequency of insomnia are associated with higher levels of
maternal stress, negative attitudes toward children, and
increased rates of behavioral problems and autism symp-
toms in children.7 Therefore, effective interventions are
required for the treatment of insomnia.

Melatonin, also known as the pineal hormone, is an indole
hormone secreted by the pineal gland and plays an impor-
tant role in regulating the circadian rhythm of the body.8

Evidence suggests that sleep disturbances in children with
ASD are associated with a disturbed melatonin secretion.9,10

As a result, some studies have recommended the use of
melatonin to treat sleep problems in children with neuro-
developmental disorders. However, due to the results of
different studies, conclusions regarding the efficacy of mela-
tonin are varied. Therefore, this studyexplored the efficacyof
melatonin in the treatment of insomnia in childrenwith ASD
through a meta-analysis to provide a clinical reference.

Methods

The Preferred Reporting Items for Systematic reviews and
Meta-analysis (PRISMA) guidelines were used to conduct the
meta-analysis (►Supplementary Table S1, available in the
online version only).

Literature Search Strategy
A systematic literature search was conducted using PubMed,
Embase, andWeb of Science databases. The search strategies
were as follows: “autism spectrum disorder,” “ASD,” “Autistic
Disorder,” “melatonin,” “Rozerem,” etc. The retrieval time is
April 20, 2022, and the language limit is English. In addition,
this study also conducted a manual search of the paper
version of the literature and screened the relevant reviews
and references of the included literature, hoping to obtain
more studies that can be used formeta-analysis. The detailed
search strategy is described in Supplementary Material 1

(available in the online version only).

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: 1. The study was a
randomized controlled study; 2. the subjects were children
diagnosedwith ASD; 3.melatoninwas used in the experimen-
tal groupandplacebo in the controlgroup for the intervention;
and 4. at least with one reported outcome (total sleep time,
sleep onset latency, and number of awakenings).

The exclusion criteria were as follows: (1) non-authorita-
tive studies such as reviews, conference abstracts, and
reviews; (2) studies that did not use melatonin; and (3)
repeated publications or the same data used in multiple
articles, only included studies with the most complete
information, and the rest were excluded.

Study Selection and Data Extraction
Two investigators (X.M. and L.F.) independently screened the
literature according to the inclusion and exclusion criteria.

After identifying the literature included in the analysis,
data extraction was performed independently according to
a pre-designed table. The extracted information included the
first author, year of publication, basic characteristics of the
research participants (sample size, age, etc.), intervention
measures, intervention time, and study outcomes. After both
have completed the above data extraction work, they
exchange and review the extraction forms.

The quality of the literature was assessed using Cochrane
quality assessment criteria. Judgments were made indepen-
dently by two investigators, and if disagreements occurred, a
consensus was reached through discussion.

Statistical Analysis
Statistical analysis was performed using the Stata 15.0 soft-
ware. A generic inverse variancemethodwas used to calculate
the estimated pooled standardized mean differences (SMD)
with 95% confidence interval (CI) for the outcomes. I2 statistic
was used to assess the heterogeneity of the included RCTs. If I2

<50%, data were analyzed using a fixed-effects model; other-
wise, data were analyzed using a random-effects model.
Publication biaswas quantitatively assessed using Egger’s test.

Results

A flow chart of literature screening is shown in ►Fig. 1.
A total of 988 articles were searched in the PubMed, Embase,
and Web of Science databases. After excluding duplicate
studies, a total of 626 articles remained. After browsing titles
and abstracts, 613 papers that did not meet the inclusion
criteriawere excluded. Nine of the remaining 13 papers were
removed after reading the full text. Finally, four studies were
included in the meta-analysis.11–14 The results of the quality
evaluation of the included studies are shown in ►Fig. 2.

Overall, the studies involved 238 children aged 2 to 17.5
years. Children receive melatonin at doses between 1 and
10mg. Treatment duration is 4 to 13 weeks. ►Table 1 pro-
vides an overview of the baseline data, treatment drugs, and
outcome indicators reported in the literature.

Sleep Onset Latency
Four studies reported the effects of melatonin on sleep onset
latency in children with ASD. There was significant heteroge-
neity among the studies (p< 0.001, I2¼83.3%); therefore, a
random-effects model was selected. The results of the meta-
analysis showed that the experimental group had a better
effect on shortening the sleep onset latency of children with
ASD than thecontrolgroup, and thedifferencewasstatistically
significant (SMD¼�1.34, 95% CI: �2.19 to �0.48, ►Fig. 3).

Number of Awakenings
Data on the effect of melatonin on the number of awaken-
ings in children with ASD were extracted from three
studies. There was significant heterogeneity between the
studies (p <0.001, I2¼94.5%); therefore, a random-effects
model was selected. The results showed that the experi-
mental group had a better effect in reducing the number of
awakenings in children with ASD than the control group,
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and the difference was statistically significant (SMD¼
�2.35, 95% CI: �4.62 to �0.08, ►Fig. 4).

Total Sleep Time
Four studies reported data on melatonin for the total sleep
time in children with ASD. A random-effects model was
selected because of the significant heterogeneity between
studies (p <0.001, I2¼85.7%). The results showed that,
compared with the control group, ASD children in the
experimental group had longer total sleep time, and the
difference was statistically significant (SMD¼1.42, 95% CI:
0.5–2.33, ►Fig. 5).

Publication Bias and Sensitivity Analysis
Egger’s test showed that the p-values for each outcome
measure were greater than 0.05, suggesting that there was
no significant publication bias among the included studies
(►Supplementary Fig. S1, available in the online version

only). In addition, sensitivity analysis showed that the
pooled results were stable (►Supplementary Fig. S2, avail-
able in the online version only).

Discussion

The study found that children with ASD had a higher preva-
lence of insomnia than normally developing children, rang-
ing from 40 to 86%.15–18 For childrenwith ASD, insomnia not
only exacerbates some core symptoms but may also affect
the effectiveness of rehabilitation training. For example,
Ming found that insomnia in children with ASD was signifi-
cantly associated with mood disturbances and gastrointesti-
nal abnormalities.19 Some studies have also found an
association between sleep problems and developmental
regression in ASD.20 Therefore, addressing insomnia in chil-
dren with ASD and improving their sleep quality have
become the most important issues in clinical interventions

Fig. 1 Flow diagram of the systematic review selection process.
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for children with ASD. Melatonin is commonly used for
insomnia in children, has favorable side effects, is cost-
efficient and readily available, and is often effective for sleep
disturbances.21 This meta-analysis systematically evaluated
the efficacy of melatonin in the treatment of insomnia in
children with ASD. This study found that melatonin signifi-
cantly shortened sleep onset latency, reduced the number of
awakenings, and prolonged the total sleep time in children
with ASD.

There is growing evidence that sleep disturbances in
children and adolescents with ASD are associated with

arousal dysregulation and sensory hyper-responsiveness
and require a sedation strategy to improve their sleep.1

Furthermore, insomnia in children with ASD is thought to
be associatedwith abnormalmelatonin levels.22Melatonin is
a hormone mainly secreted by the pineal gland, and its
endogenous circadian rhythm is influenced by light/dark
conditions.23 Extensive research has shown that melatonin
not only plays a key role in regulating the sleep/wake cycle
but also has potent antioxidant and anti-inflammatory
properties and is involved in immune responses and neuro-
protection.24,25 This study confirmed the role ofmelatonin in
the regulation of the sleep/wake cycle. In this study,we found
that melatonin was effective in relieving insomnia in chil-
dren with ASD, shortened sleep onset latency, reduced the
number of nighttime awakenings, and prolonged the total
sleep time.

There is no consensus on the optimal dose of melatonin
for promoting sleep in children. Malow et al reported that 1
to 3mg of melatonin supplementation was well tolerated
and improved sleep delay in most children with ASD.26 The
doses of melatonin in the included studies ranged from 2 to
10mg. In this study,melatonin doses ranging from2 to 10mg
were included, and the results showed that at this dose
range, melatonin improved sleep, children had more regular
and appropriate bedtimes, children sleep for a longer period
of time, and the number of nighttime awakenings was
significantly reduced. Due to the small number of included
studies, subgroup analysis based on dose differences could
not be performed. Therefore, large-scale clinical trials are
required to verify these findings.

This study had some limitations. First, the included studies
were few, and the source of heterogeneity could not be
explored through quantitative methods, such as subgroup
analysis and meta-regression. Second, the intervention meas-
ures used were inconsistent. Although the experimental
groups in the included studies all usedmelatonin for interven-
tion, the dose of melatonin was not strictly limited; therefore,
there were certain differences in the intervention measures.
Finally, although significant results were obtained, the small
number of included studies may have reduced the accuracy of

Fig. 2 Risk of bias (RoB) summary: review authors’ judgments about
each RoB item for each included study.

Table 1 Basic information included in the study

Study Sample
size

Age
(Year)

Interventions Intervention
time

Sleep diary
or actigraph
record

Outcomes

Garstang and
Wallis 2006

11 4–16 y 5mg melatonin 4 wk Sleep diary Total sleep time, sleep onset
latency, number of
awakenings

Wright et al
2011

22 3–16 y 2–10mg melatonin 12 wk Sleep diary Total sleep time, sleep onset
latency, number of
awakenings

Cortesi et al
2012

80 4–10 y 1mg fast-release and
2mg controlled-release
melatonin

12 wk Both diary
and actigraph

Total sleep time, sleep onset
latency, number of
awakenings

Gringras et al
2017

125 2–17.5 y 2mg escalated to
5mg prolonged-release
melatonin

13 wk Both diary
and actigraph

Total sleep time and
sleep onset latency
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Fig. 3 Forest plot comparing efficacy of melatonin over control in sleep onset latency in children with ASD. ASD, autism spectrum disorder.

Fig. 4 Forest plot comparing efficacy of melatonin over control in number of awakenings in children with ASD. ASD, autism spectrum disorder.
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the results, requiring larger-sample studies to verify the
results.

Conclusion

There is some evidence that melatonin is beneficial in the
treatment of insomnia in children with ASD by reducing
sleep onset latency, reducing the number of nighttime
awakenings, and increasing total sleep time compared to
controls. However, due to the limited number of studies
included in this study, more and larger studies are needed to
verify this.

Funding
None.

Conflict of Interest
None declared.

References
1 Seo WS. An update on the cause and treatment of sleep distur-

bance in children and adolescentswith autism spectrumdisorder.
Yeungnam Univ J Med 2021;38(04):275–281

2 Hyman SL, Levy SE, Myers SMCouncil on Children with Disabil-
ities, Section on Developmental and Behavioral Pediatrics. Iden-
tification, evaluation, and management of children with autism
spectrum disorder. Pediatrics 2020;145(01):e20193447

3 Souders MC, Zavodny S, Eriksen W, et al. Sleep in children with
autism spectrum disorder. Curr Psychiatry Rep 2017;19(06):34

4 Moore M, Evans V, Hanvey G, Johnson C. Assessment of sleep in
children with autism spectrum disorder. Children (Basel) 2017;4
(08):72

5 Polimeni MA, Richdale AL, Francis AJ. A survey of sleep problems
in autism, Asperger’s disorder and typically developing children.
J Intellect Disabil Res 2005;49(Pt 4):260–268

6 Patzold LM, Richdale AL, Tonge BJ. An investigation into sleep
characteristics of children with autism and Asperger’s disorder.
J Paediatr Child Health 1998;34(06):528–533

7 Posar A, Visconti P. Sleep problems in children with autism
spectrum disorder. Pediatr Ann 2020;49(06):e278–e282

8 Masters A, Pandi-Perumal SR, Seixas A, Girardin JL, McFarlane SI.
Melatonin, the hormone of darkness: from sleep promotion to
Ebola treatment. Brain Disord Ther 2014;4(01):1000151

9 Kulman G, Lissoni P, Rovelli F, Roselli MG, Brivio F, Sequeri P.
Evidence of pineal endocrine hypofunction in autistic children.
Neuroendocrinol Lett 2000;21(01):31–34

10 Melke J, Goubran Botros H, Chaste P, et al. Abnormal melatonin
synthesis in autism spectrum disorders. Mol Psychiatry 2008;13
(01):90–98

11 Garstang J,WallisM. Randomized controlled trial ofmelatonin for
children with autistic spectrum disorders and sleep problems.
Child Care Health Dev 2006;32(05):585–589

12 Wright B, Sims D, Smart S, et al. Melatonin versus placebo in
children with autism spectrum conditions and severe sleep
problems not amenable to behaviour management strategies: a
randomised controlled crossover trial. J Autism Dev Disord 2011;
41(02):175–184

13 Cortesi F, Giannotti F, Sebastiani T, Panunzi S, Valente D. Con-
trolled-release melatonin, singly and combined with cognitive

Fig. 5 Forest plot comparing efficacy of melatonin over control in total sleep time in children with ASD. ASD, autism spectrum disorder.

Neuropediatrics Vol. 54 No. 3/2023 © 2023. The Author(s).

Melatonin for Insomnia in Children with ASD Xiong et al.172



behavioural therapy, for persistent insomnia in children with
autism spectrum disorders: a randomized placebo-controlled
trial. J Sleep Res 2012;21(06):700–709

14 Gringras P, Nir T, Breddy J, Frydman-Marom A, Findling RL.
Efficacy and safety of pediatric prolonged-release melatonin for
insomnia in children with autism spectrum disorder. J Am Acad
Child Adolesc Psychiatry 2017;56(11):948–957.e4

15 Miano S, Ferri R. Epidemiology and management of insomnia in
children with autistic spectrum disorders. Paediatr Drugs 2010;
12(02):75–84

16 Wiggs L, Stores G. Sleep patterns and sleep disorders in children
with autistic spectrum disorders: insights using parent report
and actigraphy. Dev Med Child Neurol 2004;46(06):372–380

17 Krakowiak P, Goodlin-Jones B, Hertz-Picciotto I, Croen LA, Hansen
RL. Sleep problems in children with autism spectrum disorders,
developmental delays, and typical development: a population-
based study. J Sleep Res 2008;17(02):197–206

18 Liu X, Hubbard JA, Fabes RA, Adam JB. Sleep disturbances and
correlates of children with autism spectrum disorders. Child
Psychiatry Hum Dev 2006;37(02):179–191

19 XueMing, BrimacombeM, Chaaban J, Zimmerman-Bier B,Wagner
GC. Autism spectrum disorders: concurrent clinical disorders. J
Child Neurol 2008;23(01):6–13

20 Wiggins LD, Rice CE, Baio J. Developmental regression in children
with an autism spectrum disorder identified by a population-
based surveillance system. Autism 2009;13(04):357–374

21 Johnson KP,Malow BA. Assessment and pharmacologic treatment
of sleep disturbance in autism. Child Adolesc Psychiatr Clin N Am
2008;17(04):773–785, viii

22 Veatch OJ, Pendergast JS, Allen MJ, et al. Genetic variation in
melatonin pathway enzymes in children with autism spectrum
disorder and comorbid sleep onset delay. J Autism Dev Disord
2015;45(01):100–110

23 Yang Z,Matsumoto A, Nakayama K, et al. Circadian-relevant genes
are highly polymorphic in autism spectrum disorder patients.
Brain Dev 2016;38(01):91–99

24 Carmassi C, Palagini L, Caruso D, et al. Systematic review of sleep
disturbances and circadian sleep desynchronization in autism
spectrum disorder: toward an integrativemodel of a self-reinforc-
ing loop. Front Psychiatry 2019;10:366

25 Claustrat B, Leston J. Melatonin: physiological effects in humans.
Neurochirurgie 2015;61(2-3):77–84

26 Malow B, Adkins KW, McGrew SG, et al. Melatonin for sleep in
childrenwithautism:a controlled trial examiningdose, tolerability,
and outcomes. J Autism Dev Disord 2012;42(08):1729–1737, au-
thor reply 1738

Neuropediatrics Vol. 54 No. 3/2023 © 2023. The Author(s).

Melatonin for Insomnia in Children with ASD Xiong et al. 173


