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insomnia attributable to disorders beyond indication: a
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Summary

Background Melatonin has become a widely used sleeping aid for young individuals currently not included in existing
guidelines. The aim was to develop a recommendation on the use of melatonin in children and adolescents aged 2-20
years, with chronic insomnia due to disorders beyond indication.

Methods We performed a systematic search for guidelines, systematic reviews, and randomised trials (RCTSs) in
Medline, Embase, Cochrane Library, PsycInfo, Cinahl, Guidelines International Network, Trip Database, Canadian
Agency for Drugs and Technologies in Health, American Academy of Sleep Medicine, European Sleep Research
Society and Scandinavian Health Authorities databases. A separate search for adverse events was also performed. The
latest search for guidelines, systematic reviews, and adverse events was performed on March 17, 2023. The latest
search for RCTs was performed on to February 6, 2023. The language was restricted to English, Danish, Norwegian,
and Swedish. Eligible participants were children and adolescents (2-20 years of age) with chronic insomnia due to
underlying disorders, in whom sleep hygiene practices have been inadequate and melatonin was tested. Studies
exclusively on autism spectrum disorders or attention deficit hyperactive disorder were excluded. There were no
restrictions on dosage, duration of treatment, time of consumption or release formula. Primary outcomes were
quality of sleep, daytime functioning and serious adverse events, assessed at 2-4 weeks post-treatment. Secondary
outcomes included total sleep time, sleep latency, awakenings, drowsiness, quality of life, non-serious adverse
events, and all-cause dropouts (assessed at 2-4 weeks post-treatment), plus quality of sleep and daytime
functioning (assessed at 3-6 months post-treatment). Pooled estimates were calculated using inverse variance
random effects model. Statistical heterogeneity was calculated using I” statistics. Risk of bias was assessed using
Cochrane risk of bias tool. Publication bias was assessed using funnel plots. A multidisciplinary guideline panel
constructed the recommendation using Grades of Recommendation, Assessment, Development and Evaluation
(GRADE). The certainty of evidence was considered either high, moderate, low or very low depending on the
extent of risk of bias, inconsistency, imprecision, indirectness, or publication bias. The evidence-to-decision
framework was used to discuss the feasibility and acceptance of the constructed recommendation and its impact
on resources and equity. The protocol is registered with the Danish Health Authority.

Findings We identified 13 RCTs, including 403 patients with a wide range of conditions. Melatonin reduced sleep
latency by 14.88 min (95% CI 23.42-6.34, 9 studies, I* = 60%) and increased total sleep time by 18.97 min (95% CI
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0.37-37.57, 10 studies, I> = 57%). The funnel plot for total sleep time showed no apparent indication of publication
bias. No other clinical benefits were found. The number of patients experiencing adverse events was not statistically
increased however, safety data was scarce. Certainty of evidence was low.

Interpretation Low certainty evidence supports a moderate effect of melatonin in treating sleep continuity parameters
in children and adolescents with chronic insomnia due to primarily medical disorders beyond indication. The off-
label use of melatonin for these patients should never be the first choice of treatment, but may be considered by
medical specialists with knowledge of the underlying disorder and if non-pharmacological interventions are
inadequate. If treatment with melatonin is initiated, adequate follow-up to evaluate treatment effect and adverse
events is essential.

Funding The Danish Health Authority. The Parker Institute, Bispebjerg and Frederiksberg Hospital, supported by the
Oak Foundation.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Children and adolescents; Chronic insomnia; Melatonin; Underlying disorders

Research in context

Evidence before this study

Melatonin has gained popularity as a sleep aid within the past
decade, yet there are currently no recommendations available
to guide clinicians on use of melatonin in children and
adolescents with disorders beyond autism spectrum disorders
and attention deficits hyperactive disorder (ADHD). We aimed
to develop the first clinical, evidence-based recommendation
for use of melatonin in disorders that are beyond indication,
and thus currently not included in existing guidelines.

Added value of this study

To the best of our knowledge, this is the first evidence-based
clinical recommendation on this topic in children and
adolescents with disorders other than autism spectrum
disorders and ADHD. We searched multiple databases, with
the latest search performed in March 2023. We found 13
studies reporting on the use of melatonin in children and
adolescents (aged 1-26 years) with various disorders beyond
indication. Evidence of low certainty collectively supports a

Introduction

The use of synthetic melatonin prescribed as a sleep aid
for children and adolescents has increased substantially
within the last decade."? In Denmark, the use of mela-
tonin is approved as a sleep aid for a narrow set of
paediatric patients including autism spectrum disorders
and attention deficit hyperactivity disorder (ADHD).’
For all other conditions, the use of melatonin is
considered off-label, meaning that the decision to
initiate treatment and the consequences this may have,
is the responsibility of the prescribing clinician. Registry
data from the Danish Health Data Authority from 2011
to 2021 show that the number of individuals using
prescribed melatonin more than tripled for those aged
0-17 years, whereas a sevenfold increase was seen for

moderate reduction of sleep latency by 15 min and a
moderate increase in total sleep time by 19 min. These
improvements in sleep continuity parameters did not have an
impact on daily functioning or the quality of sleep. Evidence
on adverse events was scarce. Our recommendations, outlined
below, were constructed by a multidisciplinary guideline panel
based on the Grades of Recommendation, Assessment,
Development and Evaluation (GRADE) approach.

Implications of all the available evidence

Based on our findings, we recommend careful use of
melatonin to treat insomnia attributable to disorders ranging
beyond indications in children and adolescents. Such off-label
treatment with melatonin should only be considered by a
medical specialist with knowledge of the underlying disorder
and in those cases where non-pharmacological interventions
have proven to be inadequate. It remains to be investigated
whether melatonin may provide a differential magnitude of
effect and adverse event profile across different disorders.

those between 18 and 24 years of age.* The increase in
users of prescribed melatonin was seen in individuals
presenting both with and without a diagnosis that based
on indication could justify its use.* In Denmark, there
are currently no evidence-based recommendations that
may guide clinical decision-making on the use of
melatonin to treat insomnia attributed to underlying
disorders beyond autism spectrum disorders and
ADHD.>*

Due to the substantial increase in users of prescribed
melatonin, the Danish Health Authority initiated the
work with constructing a recommendation, which based
on a critical assessment of the current evidence evalu-
ated the use of melatonin for patient groups, who are
currently not included in existing guidelines. Here, we
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report these findings, including the certainty of evi-
dence, pooled estimates of effects and the final clinical
recommendation constructed following the Grades of
Recommendation, Assessment, Development and Eval-
uation (GRADE).

Methods

Organisation of the work and the methodology
applied

This study follows the Population, Intervention, Com-
parison and Outcome (PICO) framework,” GRADE
methodology,® guidelines of the Cochrane Collabora-
tion’ and the Preferred Reporting Items for Systematic
Review and Meta-analysis (PRISMA).">"* It is part of a
group of national clinical recommendations published
by the Danish Health Authority (November 2022)."* A
prespecified protocol was approved by the management
from the Department of Evidence Based medicine at the
Danish Health Authority (December 19, 2021) and is
publicly available on the Danish Health Authority web-
site at https://www.sst.dk/da/Udgivelser/2022/NKA_-
Behandling-med-melatonin-ved-soevnforstyrrelser-hos-bo
ern-og-unge. The PRISMA report and organisation of
the work are presented in the Supplementary.

Eligibility criteria (PICO question)

The population included children and adolescents aged
2-20 years with chronic insomnia due to underlying
disorders, and where sleep hygiene practices were
inadequate. The diagnosis of chronic insomnia refers to
the diagnosis of chronic insomnia disorder found in the
International Classification of Sleep Disorders, version 3
(ICSD-3), which includes repeated difficulties with
maintaining—or initiating sleep, or issues with the
duration or quality of sleep despite adequate circum-
stances to obtain sleep. These issues should be present
for at least 3 months, at least 3 times a week and result
in issues with daytime functioning. In accordance with
ICSD-3, insomnia symptoms may be seen both in the
presence or absence of an underlying medical-or
mental condition." From a clinical point of view, treat-
ing insomnia in patients with underlying conditions can
be especially challenging due to a complex symptom
profile and use of concomitant medications and thus
treatment is often warranted in specialised medical fa-
cilities. To provide a clinical recommendation for these
patients, we here chose to include studies investigating
the use of melatonin in children and adolescents who
displayed chronic insomnia as a secondary symptom to
an underlying condition in accordance with the defini-
tion provided by ICSD-3. Patients presenting with
idiopathic insomnia or with a sleep disorder, such as
sleep-related breathing disorders and sleep-related
movement disorders, were not considered for inclu-
sion. Participants with insomnia attributed entirely to
autism spectrum disorders or ADHD were also
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excluded, as melatonin is an approved treatment for
these conditions and thus recommendations on the use
of melatonin in these patients already exist. Studies on
neurodevelopmental disorders were included if the
number of participants with autism or ADHD was
<30%. This cut-off was based on expert opinions by the
guideline panel, and chosen as it was considered a
sufficiently low level by which the population could not
be considered to primarily represent either ADHD or
autism. The intervention was melatonin, with no re-
strictions on dosage, treatment length, release formula
or time of administration. The comparison was no
treatment or treatment with any non-pharmacological
intervention. Primary outcomes were quality of sleep,
daytime functioning and serious adverse events,
assessed at 2—4 weeks following treatment. Secondary
outcomes included total sleep time, sleep latency,
awakenings, drowsiness/sleepiness, quality of life, non-
serious adverse events and all-cause dropouts, all
assessed at 2-4 weeks following treatment as well as
quality of sleep and daytime functioning, assessed after
3-6 months of treatment. Assessment of long-term
consequences will be published separately.” We did
not a priori make any requirements on how outcomes
were to be assessed.

Literature search and selection of studies

We performed a systematic search in Medline, Embase,
Cochrane Library, PsycInfo, Cinahl, Guidelines Inter-
national Network, Trip Database, Canadian Agency for
Drugs and Technologies in Health, American Academy
of Sleep Medicine, European Sleep Research Society
and the Scandinavian Health Authorities databases.
Keywords included medical subject headings and free-
text search words, with no restrictions on publication
status. The search was performed in four steps to
identify: 1) clinical guidelines and health technology
assessments, published within the last 12 years, 2) sys-
tematic reviews and meta-analysis, published within the
last 7 years, 3) randomised controlled trials (RCT), with
no date restriction and 4) a restricted search for adverse
events in RCTs, with no date restriction. Guidelines,
systematic reviews and restricted search for adverse
events were searched up to March 17, 2023. RCTs were
searched up to February 6, 2023.

Language was restricted to English, Danish, Norwe-
gian, and Swedish. The search strategies are found in
the Supplementary. Included studies were assessed for
additional relevant studies. Members of the guideline
panel (content experts) were used as a source to verify
that all known trials were identified.

All identified studies were imported to RefWorks
and duplicates were removed. The Covidence software
was used for final screening and selection.’® The title
and abstracts were assessed by one reviewer (HEC). Full
texts were evaluated in duplicate by two independent
reviewers (HEC and HKA) based on the PICO criteria.
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Disagreements were resolved through discussion. The
reviewers were not blinded to journal titles, year of
publication or authors/institutions.

Data extraction and assessment of risk of bias
Data extraction was performed in the Covidence soft-
ware'® and included; study design, funding, diagnosis,
age, length of treatment, dosage, release formula, in-
formation on the control condition, any use of
concomitant medications, and outcomes of interest.
Actigraphy was prioritised if a study reported different
types of measurements on sleep continuity parameters.
If only case clock times were provided, these were
transformed into minutes. In the case of cross-over
designs, extraction of data from the first period was
prioritised to prevent potential carry-over effects.’ Eval-
uation of risk of bias was performed using the Cochrane
risk of bias tool, version 1. Studies with two or more
unclear domains, and/or one or more high risk domains
were considered studies with overall high risk of bias.
Funnel plots were constructed if outcomes were re-
ported by a sufficient number of studies (min. 10
studies).” Further, we planned to perform Eggers test if
publication bias was detected through visual inspection
of funnel plots. Data extraction and risk of bias assess-
ment were performed in duplicate and independently by
two reviewers (HEC and HKA). Discrepancy was
resolved through discussion. The authors of the
included studies were not contacted in case of missing
data.

Summary measures and statistical analysis

A table was constructed, displaying the outcomes re-
ported in each of the included studies (outcome matrix
available upon request). Meta-analysis was performed in
RevMan 5, version 5.4 (Cochrane Collaboration), using
inverse variance random-effects models." Dichotomous
outcomes were calculated as relative risk (RR). Contin-
uous outcomes were calculated as mean difference
(MD), or standardised mean difference (SMD) if
different rating scales were used for a given outcome. A
95% confidence interval (CI) was included for all esti-
mates. Statistical heterogeneity was calculated using I*
statistics.”” In case any statistically significant results
were identified, an assessment of baseline values was
performed to evaluate the extent of the clinical relevance
in effect. Baseline values were extracted from the
included studies when available and the range of values
was presented. If possible, post hoc subgroup analysis
was performed to assess the effect of dosage (below and
above 5 mg), age (below and above 12 years of age) and
type of release formula (immediate release and pro-
longed release formulation). If possible, sensitivity
analysis was to be performed to assess the impact of risk
of bias on estimates. Both post hoc tests and sensitivity
analysis were performed in RevMan 5, version 5.4
(Cochrane Collaboration).

Certainty of evidence and recommendation

The certainty of evidence depended on the extent of risk
of bias, inconsistency, imprecision, indirectness or
publication bias. The overall certainty of evidence re-
flected the lowest level of certainty for the primary out-
comes.® The final recommendation was based on a
weighted evaluation of benefits and harms, patient
preferences and overall certainty of evidence—eventually
leading to a strong or conditional recommendation, in
favour or against the intervention. The evidence to de-
cision framework (EtD) was used to discuss acceptance
and feasibility of the recommendation, alongside the
impact on resources and equity.”’ Patient preferences
and the evaluation of factors relevant to healthcare
providers (acceptability, resources, equity and feasibility)
were based on expert opinion of the multidisciplinary
guideline panel. These expert opinions were subse-
quently tested in a public hearing, in which relevant
patient organisations and healthcare decision-makers
were invited to review the final recommendation.

Role of funding source

The work was funded by the Danish Health Authority.
The Parker Institute, Bispebjerg and Frederiksberg
Hospital supported by the Oak Foundation. The Danish
Health Authority was involved in all steps of this study,
including the study design, data extraction and—analysis,
results interpretation and development of the final
recommendation.

Results

Search for literature

We found no relevant existing guidelines (Fig. 1a). The
search for systematic reviews resulted in 28 reviews, all
of which were excluded following a thorough assess-
ment (Fig. 1b). In the search for RCTs, we identified
1109 references, of which 181 full texts were selected,
leading to a total of 12 included studies, reported in 13
publications?*; (Fig. 1c). The separate search for
adverse events did not contribute to any further RCTs.
The PRISMA flowcharts and list of excluded primary
studies at full-text level are found in the Supplementary.

Description of the included randomised controlled
trials

The 13 studies included 403 patients, aged 1-26 years of
age, presenting with a range of disorders. These included
atopic dermatitis,”** epilepsy,” > mental retardation
with/without epilepsy,” neurodevelopmental disorder
with predominantly other disorders than ADHD and
autism,”” post-concussion,” Angelman syndrome,*
Dravets syndrome,”” Rett syndrome” and cystic
fibrosis.* All studies compared the effect of melatonin to
placebo. One study was divided into two separate publi-
cations, where melatonin was evaluated as an add-on to
valproate.”*” Six of the studies included parallel
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Fig. 1: PRISMA flowcharts for the screening of (a) guidelines, (b) systematic reviews and (c) randomised controlled studies. Initial and

updated search combined.

groups,”>*+>3%3* and seven were crossover trials. >3
None of the crossover trials reported on effects during
the first period, and thus data is based on the overall
estimate of effects. Four studies explicitly mentioned
sleep hygiene practices being tested before starting the
trial.7***" Ten of the studies used immediate-release
melatonin?2**#*#=*  while two studies applied
prolonged-release melatonin.’** One study used both
formulations.” Dosage ranged from 3 mg to 15 mg. Time
of ingestion took place between 20 min and 2 h before
bedtime. The duration of treatment ranged from 10 days
to 6 weeks. Five studies explicitly mentioned concomitant
medications, which mainly consisted of antiepileptic
drugs.”*** In three studies, the use of concomitant
medications potentially affecting sleep was reason for
exclusion.”***** The use of concomitant medicine was not
explicitly stated in four studies.”’*° All studies measured

www.thelancet.com Vol 61 July, 2023

the effect at the end of treatment. The characteristics of
the included studies are found in Table 1.

Risk of bias in the included studies

Two studies had high risk of bias in the domain con-
cerning random sequence generation,”* while it was
unclear for four studies.””*"**** Six studies were unclear
in one or more of the domains concerning blinding,
incomplete and selective outcome reporting.?* 2223
Three studies had high risk of bias concerning blind-
ing.>***> An overview of the risk of bias is found in the
Supplementary.

Estimated effects

Primary outcomes

Melatonin had no impact on quality of sleep when
assessed on a subjective scale (SMD 0.04, 95% CI —0.40
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Author, year, country, Demographics, Sex (male/ Design and funding Intervention (s) Comparison Duration Outcomes of interest,
trial registration female) Age (range or measurement

mean (SD))
Braam, 2008, the n = 8, participants with Randomized, double blind, placebo Melatonin, 5 mg fast release capsules (5- Placebo capsules 4 weeks Total sleep time: Sleep log
Netherlands®* Angelman syndrome and  -controlled trial. methoxy-N-acetyltryptamine)—Duchefa Farma Sleep onset: method not
No protocol identified idiopathic chronic insomnia Funding: BV, Haarlem, the Netherlands. stated

Sex: 3/5 Heeren Loo Zorggroep Steunfonds Participants under age 6 years received 2.5 mg Sleep latency: method not

Age, years: 4-21 tablets stated

Melatonin group (n = 4) Concomitant_medicine: Wake-up time: method not

Control (placebo) group Antiepileptic drug use: carbamazepine, stated Mean number and

(n=4) clobazam, valproate, ethosuximide length of wakes: number of

Sleep medication: midazolam, pipamperon Adverse events

Barlow, 2021, Canada®® n = 71, participants with RCT, single center, parallel group, three Melatonin 3 mg and 10 mg. Placebo 4 weeks Total sleep time: objective
Trial registration: http:// persistent post-concussion — arms. Sustained-release sublingual melatonin measurement (actigraph)
www.clinicaltrials.gov/;  symptoms Funding: preparations Total sleep time: Actigraph
NCT01874847 Sex: 29/42 Canadian Institutes of Health Research Concomitant medicine Sleep onset latency: Actigraph

Age, years: 8-18 (CIHR) grant number 293375, Alberta None mentioned Wake after sleep onset

Melatonin group 3 mg Children’s Hospital Research Institute, and (WASO): Actigraph

(n = 25) the University of Calgary Dropouts: Number of

Sex: 12/13 (10,006,634). Dr. Barlow acknowledges participants

Age, years: 13.7 years funding from the Motor Accident Insurance

Melatonin group 10 mg Commission, Queensland, Australia

(n =25) (61278).

Sex: 9/16

Age, years: 14.2 years

Control (placebo) group

(n=22)

Sex: 12/13,

Age, years: 14.2 years
Chang, 2016, Taiwan”  n = 48, participants with ~ RCT cross over study, single center parallel Melatonin, 3 mg fast release capsules (General Placebo (Standard Chem & 4 weeks Quality of sleep: subjective

Trial registration: http://
www.clinicaltrials.gov/;

NCT01638234

Coppola, 2004, Italy*®
No protocol identified

Atopic Dermatitis and Sleep group, two arms.

Disturbance Funding:
Sex: 25/23 Supported by joint grants 99-TYNO1 and

Age, years: 7.5 (3.7) 100-TYNO1 from the

Melatonin group (n = 24)  National Taiwan University Hospital and the
Sex: 11/13 Yonghe

Age, years: 7.6 (4.0) Cardinal Tien Hospital.

Control (placebo) group

(n =24)

Sex: 14/10

Age, years: 7.3 (3.5)

n = 25, participants with RCT cross over study, single center, parallel
mental retardation with or  group, two arms.

without epilepsy. Funding:

Mental delay was mild in 3 None stated

(12%) patients, moderate in

8 (32%), and severe in 14

(56%).

Sex: 16/9

Age, years: 10.5 (3.6-26

years)

Nutrition Corporation) at bedtime.

Crossover study-2 weeks wash out
Concomitant medicine

Use of medication for insomnia or
antidepressants within 4 weeks before baseline
was reason for exclusion.

Pharm Co, Ltd) capsules, which pr cycle
looked identical to the
melatonin capsules

Melatonin 3 mg fast release capsules, at Placebo capsules, which looked 4 weeks
nocturnal bedtime. identical to the melatonin pr cycle
Dose could be titrated up to 9 mg the capsules

following 2 weeks at increments of 3 mg/week,

unless the patient was unable to tolerate it.

Cross over study—1 week washout

Concomitant medicine

Pre-existing medicine was unaltered

throughout the trial. Type of medicine not

explicitly mentioned.

and objective (Actigraph)
measurements
Total sleep time: Sleep log

Sleep onset latency: Actigraph
Dropouts: Number of

participants

Total sleep time: Sleep log

Sleep onset latency: Sleep log
Mean number and length of

wakes:

(Table 1 continues on next page)
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Author, year, country,
trial registration

Demographics, Sex (male/
female) Age (range or
mean (SD))

Design and funding

Intervention (s)

Comparison

Duration Outcomes of interest,
measurement

(Continued from previous page)

De Castro-Silva, 2010,
Brazil**
No protocol identified

Dodge, 2001, US*®
No protocol identified

Gupta, 2004, India™
No protocol identified

Gupta, 2005, India*
No protocol identified

Jain 2015, US*®

Trial registration: http://
www.clinicaltrials.gov/;
NCT00965575

n = 19, participants with
cystic fibrosis

Melatonin group (n = 9).
Sex: 6/3

Age, years: 16.6 (8.26)
Placebo group (n = 10).
Sex: 5/5

Age, years: 12.1 (6.0)

n = 20, participants with
Developmental Disabilities
No sex data available
Age, months: mean 89 (13
months-180 months)
Melatonin group (n = 20)
Placebo group (n = 20)

n = 30, participants with
Epilepsy

Sex:18/12

Age, years: 3-12 years
Melatonin group (n = 16)
Sex: 8/8

Age, years: 7.4 (3.2)
Control (placebo) group
(n =14)

Sex: 10/4

Age, years: 6.6 (3.9)

n = 30, participants with
Epilepsy

Sex:18/12

Age, years: 3-12 years
Melatonin group (n = 16)
Sex: 8/8

Age, years: 7.4 (3.2)
Control (placebo) group
(n=14)

Sex: 10/4

Age, years: 6.6 (3.9)

The patient population,
intervention and comparison
are identical to the study of
Gupta 2004.

n = 11, participants with
Epilepsy

Sex 7/3

Age, years: 6-11 years
Melatonin group (n = 10-
analyzed)

Placebo group (n = 10-
analyzed)

RCT, single center, parallel group, two arms.

Funding:
None stated

RCT cross over study, single center parallel
group, two arms.

Funding:

United Cerebral Palsy Association of Greater
Indiana

RCT, single center, parallel group, two arms.

Funding:
None stated

RCT, single center, parallel group, two arms.

Funding:
None stated

RCT cross over study, single center parallel
group, two arms

Funding:

Clinical Research Feasibility Funds (CReFF)
by the Center for Clinical and Translational
Science, and Training,

Cincinnati Children’s Hospital Medical
Center

Melatonin 3 mg fast release capsules
Concomitant medicine

Use of hypnotic-sedative drugs was reason for

exclusion

Melatonin 5 mg fast release capsules
Cross over study—1 week washout
Concomitant_medicine

Nothing mentioned

Melatonin 6 mg fast release capsules for
children <30 kg
Melatonin 9 mg fast release capsules for
children >30 kg
Children were included if they had been

receiving sodium valproate (10 mg/kg/d) for

the last 6 months
Concomitant medicine
Nothing mentioned

Melatonin 6 mg fast release capsules for
children <30 kg
Melatonin 9 mg fast release capsules for
children >30 kg
Children were included if they had been

Placebo capsules, which looked 3 weeks Quality of sleep: subjective

identical to the melatonin
capsules

(Pittsburg sleep quality index)
and objective (PSQI)
measurements.

Total sleep time: Actigraph
Sleep onset latency: Actigraph

Wake after sleep onset
(WASO): Actigraph

Placebo capsules, which looked 6 weeks Sleep onset latency: Sleep log

identical to the melatonin
capsules

Wake-up time: Actigraph
Total sleep time: Sleep log
Mean number awakenings/

night: sleep log

Placebo capsules, which looked 4 weeks Daytime functioning: QOLCE

identical to the melatonin
capsules

Children were included if they
had been receiving sodium
valproate (10 mg/kg/day) for
the last 6 months

(attention/concentration)
Daytime drowsiness score
Quality of life in children with
epilepsy (QOLCE)

Dropouts: Number of
participants

Placebo capsules, which looked 4 weeks Total sleep time: Lickert scale

identical to the melatonin
capsules

Children were included if they
had been receiving sodium

receiving sodium valproate (10 mg/kg/day) for valproate (10 mg/kg/day) for

the last 6 months
Concomitant medicine
Nothing mentioned

Melatonin 9 mg sustained release capsules
Cross over study—1 week washout
Concomitant medicine:

Concurrent use of hypnotics, stimulants,
systemtic corticosteroids or other immune-
suppressants were excluded

the last 6 months

Sleep onset latency: Actigraph

Wake after sleep onset
(WASO): Actigraph

Placebo capsules, which looked 4 weeks Quality of sleep: subjective

identical to the melatonin
capsules

pr cycle  measurements (Sleep

Behavior Questionnaire)
Total sleep time: Lickert scale
Sleep onset latency: Sleep log

Wake after sleep onset
(WASO): Actigraph

(Table 1 continues on next page)
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Author, year, country, Demographics, Sex (male/ Design and funding Intervention (s)
trial registration female) Age (range or
mean (SD))

Comparison

Duration Outcomes of interest,

measurement

(Continued from previous page)

McArthur 1998, US> n = 9, female participants ~ RCT cross over study, single center parallel Melatonin 2.5 to 7.5 mg fast release capsules, Placebo capsules, which looked 4 weeks

No protocol identified ~ with Rett syndrome group, two arms. based upon individual body weight (Regis
Sex: 0/9 Funding: Chemical Company (Morton Grove, I, USA)
Age, years: mean 10.1 (1.5) A research grant from the International Rett Cross over study—1 week washout
Melatonin group (n = 9) Syndrome Association Concomitant medicine
Sex: 0/9, Age, years: mean Seizure medication including: Phenobarbital,
10.1 (1.5) carbamazepine, ethosuximide, valproate,
Control (placebo) group gabapentin, felbamate.
(n=9)
Sex: 0/9, Age, years: mean
10.1 (1.5)
Myers 2018, Australia®* n = 13, participants with RCT cross over study, single center, parallel Melatonin 6 mg fast release capsules
Trial registration: http:// Dravet Syndrome and sleep group, two arms. Cross over study—1 week washout
www.clinicaltrials.gov/;  disturbance Funding: Concomitant medicine
NCT00965575 Sex: 4/9 National Health and Medical Research Topiramate, valproic acid, clobazam, stiripentol,
Age, years: mean 12.2 Council (NHMRC) Program Grants (628952, levetiracetam, clonidine, atomoxetine,
(4.9-38) 1091593) phenytoin, zonisamide, acetazolamide,
Melatonin group (n = 13- lamotrigine, ethosuximide
analyzed)
Sex: 4/9
Age, years: mean 12.2
(4.9-38)
Placebo group (n = 13-
analyzed)
Sex: 4/9
Age, years: mean 12.2
(4.9-38)
Taghavi Ardakani 2018, n = 70, participants with RCT, single center, parallel group, two arms. Melatonin 6 mg fast release capsules (2 x 3
Iran”? Atopic Dermatitis and Sleep Funding: mg) 1 h before bedtime
Trial registration: http:// Disturbance Kashan University of Medical Sciences, Concomitant medicine
www.irct.ir: Sex: 34/36 Grant/Award Number: 96110 Topical corticosteroid (mometasone)

IRCT2017082733941IN12 Age, years: 6-12 yr
Melatonin group (n = 35)
Sex: 16/19
Age, years: 8.9 (2.1)
Control (placebo) group
(n=35)
Sex: 18/17
Age, years: 8.4 (2.2)

Wasdell 2008, Canada® n = 50, participants with RCT cross over study, single center, parallel Melatonin 5 mg (1 mg fast release; 4 mg

No protocol identified ~ Neurodevelopmental group, two arms. sustained release) capsules (provided by Circa
disabilities Funding: Dia BV, The Netherlands). Administered
Sex: 31/19 This study was sponsored as an 20-30 min before bedtime
Age, years: mean 7.38 yr  investigator-initiated trial by Circa Dia BV  Duration: 10 days
(range 2.05-17.81 yr) Cross over study—3-5 days washout
Melatonin group (n = 50) Concomitant medicine
Sex and age (years): as above Nothing mentioned
Control (placebo) group
(n = 50)

Sex and age (years): as above

Mg: milligram, WASO: wake after sleep onset, PSQI: Pittsburg sleep quality index, kg: kilogram, QOLCE: Quality of life in children with epilepsy.

identical to the melatonin
capsules

pr cycle

Placebo capsules, which looked 2 weeks

identical to the melatonin
capsules

pr cycle

Placebo capsules, which looked 6 weeks

identical to the melatonin
capsules

Placebo capsules, which looked 1.5

identical to the melatonin
capsules

weeks pr
cycle

Sleep onset latency: Actigraph
Total sleep time

Sleep efficiency

Number of awakenings

Quality of sleep: subjective

measurements (Sleep
disturbances Scale in children)
Total sleep time: Actigraph
Wake after sleep onset
(WASO): Actigraph

Quality of life in children with
epilepsy (QOLCE-55)

Quality of sleep: subjective

measurements (Childrens
sleep habits questionnaire)
Total sleep time: Sleep log
Sleep onset latency: Sleep log

Daytime drowsiness score
Dropouts: Number of

participants

Quality of sleep: Objective
measurements-Actigraph

Daytime functioning: CGI
(Parents global assessment
scale)

Total sleep time: Actigraph

Sleep onset latency: Actigraph
Number of waking episodes

Dropouts: Number of
participants

Table 1: Characteristics of the 13 included randomised controlled trials.
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to 0.50, I* = 50%, 5 studies, low certainty) (see Table 2
and Fig. 2a) nor when measured as sleep efficiency
using actigraphy (%) (MD 0.38, 95% CI -2.93 to 3.70,
12 = 0%, 3 studies, moderate certainty) (see Fig. 2b). No

effect was found on daytime functioning (SMD -0.28,
95% CI -0.71 to 0.15, I* = 24%, 2 studies, low certainty)
(see Fig. 2¢) and use of melatonin did not increase the
number of participants experiencing serious adverse

Outcome Results Effect estimates Certainty of evidence Conclusion
No melatonin Melatonin
Dropouts—all cause ~ Relative risk: 0.58 (Cl 95% 0.27-1.23) 102 per 1.000 59 per  Moderate Melatonin probably has no or little effect
Based on data from 322 patients in 5 studies” 1.000 Due to serious on all-cause dropout
. .. b
Difference: 43 fewer per ~ MPrecision
1.000 (Cl 95% 74 fewer-23
more)
Quality of sleep Measured by: Pittsburg sleep quality index (self-reported); Difference: SMD 0.04 higher Low Melatonin may have no or little effect on
(subjective measure)  Sleep behavior questionnaire (total score, self-reported); Sleep  (Cl 95% 0.40 lower-0.50 Due to very serious  the quality of sleep
disturbances scale in children (total score, caregiver reported); higher) imprecisiond
Children sleep habits questionnaire (total score, self-reported)
Scale: Lower is better
Based on data from 173 patients in 5 studies®
Daytime functioning ~ Measured by: Clinical global impression scale (parents global  Difference: SMD 0.28 lower Low Melatonin may have no or little effect on
assessment subscale); Quality of life in children with epilepsy  (Cl 95% 0.71 lower-0.15 Due to very serious  daytime functioning
(attention/concentration subscale) higher) imprecisionr
Scale: Lower is better
Based on data from 130 patients in 2 studies®
Total sleep time Measured by: Total time spent sleeping in minutes pr night.  Difference: MD 18.97 higher Moderate Melatonin leads to a moderate increase in

Sleep latency

Awakenings

Drowsniess/sleepiness

Quality of life

Number of patients
experiencing serious
adverse events

Number of patients
experiencing non-
serious adverse events

Assessed by either actigraph or sleep diary
Scale: Higher is better
Based on data from 401 patients in 10 studies’

Measured by: Time taken to fall asleep in minutes. Assessed by
either actigraph or sleep diary

Scale: Lower is better

Based on data from 357 patients in 9 studies'

Measured by: Wake after sleep onset (WASO) in minutes
Assessed by either actigraph or sleep diary

Scale: Lower is better

Based on data from 103 patients in 4 studies

Measured by: Daytime drowsiness score; Daytime sleepiness
score

Scale: Lower is better

Based on data from 100 patients in 2 studies™

Measured by: Quality of life in children with epilepsy (total
score); Quality of life in children with epilepsy-55 (total score)
Scale: Higher is better

Based on data from 56 patients in 2 studies®

Relative risk: 0.67 (Cl 95% 0.07-6.26)

Based on data from 282 patients in 4 studies®

Relative risk: 1.68 (Cl 95% 0.87-3.26)
Based on data from 187 patients in 5 studies’

(Cl 95% 0.37 higher-37.57
higher)

Difference: MD 14.88 lower
(Cl 95% 23.42 lower-6.34
lower)

Difference: MD 13.12 lower
(Cl 95% 38.05 lower-11.81
higher)

Difference: SMD 0.04 lower
(Cl 95% 0.43 lower-0.35
higher)

Difference: MD 1.32 higher
(Cl 95% 0.41 higher-2.24
higher)

8 per 1.000 7 per
1.000
Difference: 1 fewer per
1.000 (Cl 95% 7 fewer-41
more)

103 per 1.000 247 per

1.000
Difference: 145 more per
1.000 (Cl 95% 13 fewer-232
more)

Due to serious
inconsistency”

Moderate
Due to serious
inconsistency’

Low

Due to serious
inconsistency, Due to
serious imprecision'
Low

Due to very serious
imprecision”

Very low

Due to very serious
imprecision’ Due to
serious indirectness”
Moderate

Due to serious
imprecision

Moderate
Due to serious
imprecision

the total duration of sleep

Melatonin leads to a moderate decrease
in sleep latency

Melatonin may have no or little effect on
awakenings

Melatonin may have no or little effect on
drowsiness/sleepiness

The effect on quality of life is uncertain.

Melatonin probably has no or little effect
on the number of patients experiencing
serious adverse events

Melatonin probably has no or little effect
on the number of patients experiencing
non-serious adverse events

MD: Mean difference, SMD: Standardised mean difference, WASO: Wake after sleep onset. *Gupta 2004, TaghaviArdakani 2018, Barlow 2021, Chang 2016, Wasdell 2008. "Serious imprecision: Wide
confidence interval. “Myers 2018, Jain 2015, deCastro Silva 2010, Chang 2016, TaghaviArdakani 2018. dVery serious imprecision: Data based on few patients, Wide confidence interval. “Gupta 2004,

Wasdell 2008. fVery serious imprecision: Data based on few patients, Wide confidence interval. 9TaghaviArdakani 2018, Braam 2008, Coppola 2004, Wasdell 2008, Chang 2016, Gupta 2005, Jain 2015,
Dodge 2001, deCastro Silva 2010, Myers 2018. "Serious inconsistency: I> = 57%. 'McArthur 1998, TaghaviArdakani 2018, Wasdell 2008, Coppola 2004, deCastro Silva 2010, Dodge 2001, Jain 2015, Braam
2008, Chang 2016. Serious inconsistency: I> = 60%. “Dodge 2001, Wasdell 2008, Coppola 2004, Braam 2008. 'Serious inconsistency: I> = 65%; Serious imprecision: Data based on few patients, Wide
confidence interval. "Gupta 2005, TaghaviArdakani 2018. "Very serious imprecision: Data based on few patients, Wide confidence interval. °Myers 2018, Gupta 2004. PSerious indirectness. Selective patient
group; Serious imprecision: Data based on few patients, Wide confidence interval. “Dodge 2001, Wasdell 2008, Barlow 2021, Ardakani 2018. "Serious imprecision: Data based on few patients, wide
confidence interval. *McArthur 1998, Dodge 2001, Jain 2015, Chang 2016, Barlow 2021. Serious imprecision: Data based on few patients, wide confidence interval.

Table 2: Estimated effects and certainty of evidence for each outcome in accordance with GRADE.
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a Figure 1 (Analysis 1.1)

Melatonin Placebo Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chang 2016 (1) 38 24 20 41 25 18 22.7% -0.12[-0.76,0.52] —
deCastro Silva 2010 (2) 537 453 9 27 176 10 149% 0.76[-0.18,1.70] T
Jain 2015 (3) 524 54 10 483 74 10 157% 0.61 [-0.30,1.51] o e
Myers 2018 (4) -85 763 13 -2 859 13 18.0% -0.77 [1.58,0.03] %% 3l
TaghaviArdakani 2018 (5) 629 123 35 628 128 35 287% 0.01 [-0.46, 0.48] e

Total (95% ClI) 87 86 100.0%
Heterogeneity: Tau®= 0.13; Chi*= 7.95, df= 4 (P = 0.09), F= 50%
Testfor overall effect: Z=0.19 (P = 0.85)

Footnotes

(1) Subjective sleep score (Lower is better)

(2) Pittsburg sleep quality index (Lower is better)

(3) Sleep hehavior questionaire, total score (Lower is better)

(4) Sleep disturbances Scale in children (SDSC), total score (Lower is better)
(5) Childrens sleep habits questionnaire, total score (higher is better)

0.04 [-0.41,0.50]

A

2 4 0 1 2
Favours Melatonin  Favours Placebo

Risk of bias legend

(A) Random sequence generation (selection hias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance hias)
D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bhias)
(G) Other bias

Quality of sleep, subjective measures

b Figure 2 (Analysis 1.2)

Melatonin Placebo Mean Difference Mean Difference

Risk of Bias

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chang 2016 (1) 767 128 20 777 104 18 207%  -1.00[-8.30,6.30]
deCastro Silva 2010 (2) 76.1 12.23 9 702 1983 10 51% 5.90[8.76, 20.56]
Wasdell 2008 (3) 8516 896 50 84.77 1063 50 742% 039[-3.46,424]
Total (95% CI) 79 78 100.0%  0.38[-2.93,3.70]

Heterogeneity. Tau®= 0.00; Chi*= 0.68, df= 2 (P=0.71); F= 0%

Test for overall effect Z=0.23 (P = 0.82) -100  -50 100

1}
Favours Melatonin  Favours Placebo
Footnotes
(1) Sleep efficiancy, %, Actigraph (Higher is better)
(2) Sleep efficiancy, %, Actigraph (Higher is better)
(3) Sleep efficiancy, %, Actigraph (Higher is better)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other hias

Quality of sleep, objective measures

C Figure 3 (Analysis 1.3)

Melatonin Placebo Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFG
Gupta 2004 (1) -39 1689 16 -4 1732 14 20.8% 0.06 [-0.66, 0.77] —— 09° 2000
Wasdell 2008 (2) 264 845 50 2094 814 50 70.2%  -0.42[-0.82,-0.03) -+ Frrrre@
Total (95% CI) 66 64 100.0%  -0.28[-0.71,0.15] -
Heterogeneity: Tau?= 0.03; Chi*=1.32, df= 1 (P = 0.25); F= 24% 712 =1 1= é

Test for overall effect: Z=1.27 (P = 0.20) Favours melatonin Favours placebo
Footnotes

(1) Quality of life in children with epilepsy, Attention/concentration subscale (Higher is better)
(2) Clinical global impression, Parents global assessment subscale (Lower is better)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other hias
daytime functioning
d Figure 4 (Analysis 1.4)
Melatonin Placebo Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
Dodge 2001 (1) 0 20 0 20 Not estimable
Ardakani 2018 (2) 0 35 0 35 Not estimable
Wasdell 2008 (3) 0 50 1 51 49.7% 0.34[0.01,815 —— @] ——
Barlow 2021 (4) 1 50 0 21 50.3% 1.29[0.05, 30.54]
Total (95% CI) 155 127 100.0% 0.67 [0.07, 6.26]
Total events 1 1

Heterogeneity: Tau®= 0.00; Chi*= 0.34, df=1 (P = 0.56); "= 0%

+ + 4
Test for overall effect Z=0.36 (P=0.72) UL : 10 400

Melatonin  Placebo
Eootnotes

(1) Neurodevelopmental disorders

(2) Atopic dermatitis

(3) Neurodevelopmental disabilities

(4) Children with persistent post-concussion symptoms (PPCS)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance.
(D) Blinding of outcome assessment (detection hias)
(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Number of participants experiencing serious adverse events
Fig. 2: Findings of the primary outcomes of (a) quality of sleep, subjective measures, (b) quality of sleep, objective measures, (c) daytime

functioning, and (d) number of participants experiencing serious adverse events. SD: Standard deviation, Cl: Confidence interval, SDSC:
Sleep Disturbances Scale in children, PPCS: Persistent post-concussion symptoms.
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events (RR 0.67, 95% CI 0.07-6.26, I* = 0%, 4 studies,
moderate certainty) (see Table 2 and Fig. 2d). Subgroup
analyses were not performed due to the few included
studies. Sensitivity analysis showed no subgroup dif-
ference when studies of high-and low risk of bias were
compared across outcomes. Sensitivity analysis is pre-
sented in the Supplementary.

Secondary outcomes

Melatonin increased the total sleep time by 18.97 min
(95% CI 0.37-37.57, 1> = 57%, 10 studies, moderate
certainty) (see Table 2), which was considered a mod-
erate improvement compared to the total sleep time
reported at baseline (ranged from 4 to 9.5 h). Further
subgroup analysis showed no subgroup difference for
age (p = 0.93), dosage (p = 0.40) or release formulations
(p = 0.90). Sensitivity analysis showed no subgroup
difference between studies of high—and low risk of bias.
Forest plots and sensitivity analysis are presented in the
Supplementary.

Sleep latency was reduced by 14.88 min (95%
CI —23.42 to —6.34, 1> = 60%, 9 studies, moderate cer-
tainty) (see Table 2), which was considered a moderate
effect compared to estimates at baseline (range from 25
to 90 min). Further subgroup analysis showed no sta-
tistical difference for age (p = 0.74), dosage (p = 0.45) or
release formulations (p = 0.74). Sensitivity analysis
showed a significant subgroup difference (p = 0.0005).
Sleep latency was not affected in studies of low risk of
bias (MD -3.50, 95% CI -8.29 to 1.30, > = 0%, 3
studies, low certainty), whereas studies of high risk of
bias reported that sleep latency was reduced by
20.65 min (95% CI -29.07 to 12.23, 12 = 14%, 6 studies,
moderate certainty). Forest plots and sensitivity analysis
are found in the Supplementary.

Melatonin did not affect the average wake after sleep
onset (WASO) (MD —13.12, 95% CI —38.05 to 11.81,
1> = 65%, 4 studies, low certainty) (see Table 2) or the
average number of awakenings (MD -0.24, 95%
CI —0.87 to 0.39, I* = 48%, 4 studies, low certainty). No
effect was found on drowsiness/sleepiness during the
day (SMD -0.04, 95% CI -0.43 to 0.35, I* = 0%, 2
studies, low certainty), or on all-cause dropouts (RR
0.58, 95% CI 0.27-1.23, I* = 0%, 5 studies, moderate
certainty) (see Table 2). The impact on quality of life was
uncertain (MD 1.32, 95% CI 0.41-2.24, I* = 26%, 2
studies, very low certainty) (see Table 2). Use of mela-
tonin did not significantly increase the number of pa-
tients experiencing non-serious adverse events (RR 1.68,
95% CI 0.87-3.26, I* = 0%, 5 studies, moderate cer-
tainty) (see Table 2). Sensitivity analysis showed no
subgroup difference for these outcomes when studies of
high and low risk of bias were compared. Forest plots
and sensitivity analysis are found in the Supplementary.

None of the included studies reported on quality of
sleep or daytime functioning at 3-6 months of
treatment.

www.thelancet.com Vol 61 July, 2023

Reporting bias

The risk of reporting bias (e.g., selective outcome
reporting) was low for both the primary—and second-
ary outcomes. The funnel plot for total sleep time
showed no apparent indication of publication bias and
thus no further Eggers test was performed (see
Supplementary).

Certainty of evidence

The certainty of evidence concerning quality of sleep
and daytime functioning was low (see Table 2). For
serious adverse events, the certainty of evidence was
moderate. Thus, the overall certainty of evidence was
low.

Evidence-based recommendation

The guideline panel put emphasis on the evidence
showing a moderate clinical improvement in total sleep
time and sleep latency, yet without melatonin having an
impact on the remaining outcomes concerning benefits.
This was weighed against uncertain long-term conse-
quences” and that melatonin does not seem to increase
adverse events, however further assessment across the
different disorders is needed. The overall certainty of
evidence was low (see Tables 2 and 3). The guideline
panel suggests that both patients and parents show an
increased motivation for testing melatonin as a sleep aid
(see Table 3). However, the guideline panel agrees that
sleep hygiene practices and non-pharmacological in-
terventions are always to be considered first choice of
treatment, which must be sufficiently tested and proven
inadequate before treatment with melatonin is
considered.

As such, a conditional recommendation was given in
favour of melatonin as a treatment in children and ad-
olescents aged 2-20 years, who despite optimisation of
sleep hygiene practices continue to display deficits in
daytime functioning due to chronic insomnia attributed
to an underlying disorder.

The guideline panel assumes that the imple-
mentation of this recommendation may be challenged
by access to non-pharmacological interventions,
including counselling in sleep hygiene practices. The
guideline panel believes that treatment with mela-
tonin for these patients should be initiated and
monitored by a medical specialist with knowledge of
the underlying condition. Access to a medical
specialist may also hinder the implementation. Also,
the families need to be made aware that melatonin is
only approved for a narrow set of paediatric patients,
and thus for the majority of patients it is considered
off-label. Resources may be influenced by the price of
the prescribed melatonin product. Equity may be
affected by price differences and by variations in ac-
cess across the country to counselling in sleep hy-
giene practices and other non-pharmacological
interventions (see Table 3).
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Evidence to decision (EtD) framework

Benefits and harms Small net benefit, or little difference between
alternatives

Overall, it was estimated that there is a small net benefit from treatment with melatonin.

Melatonin led to a moderate improvement in the total sleep time and sleep latency, although this did not translate into a positive
effect on quality of sleep, daytime functioning, sleepiness/drowsiness or awakenings. The effect on quality of life was uncertain.
Subgroup analysis showed that effects were comparable between immediate release - and prolonged release formulars.
Increasing dosages above 5 mg did not seem to further improve outcomes. Melatonin did not increase in the number of
patients experiencing unwanted events, yet further assessment across the different disorders is needed. There were no
significant differences in the number of dropouts due to all causes. Long-term consequences, including the impact on pubertal
development and bone density needs further investigation.

Certainty of evidence Low

Overall, the certainty of evidence was low.

The certainty of evidence for the primary outcome quality of sleep and daytime functioning was low. The certainty of evidence
for the primary outcome serious adverse events was moderate.

Patient values and preferences No substantial variability expected
The guidelines panel believes that both patients with chronic insomnia, and their families in general, would be interested in trying
melatonin

Acceptability Important issues, or potential issues not investigated

The working group assesses that the patients and the families as a whole considers melatonin to be an acceptable treatment.

Treatment with melatonin for patients who do not have ADHD or autism is off-label. The patients and/or the parents should be
made aware of lack of approval for disorders ranging beyond indication.

Resources Important issues, or potential issues not
investigated

The working group assesses that the significant price difference between the prescribed melatonin products may have a
financial impact on the individual family.

Equity Important issues, or potential issues not investigated

The working group assesses that the equity may be affected by the price of the prescribed melatonin products, as well as by the
variation in the access to counselling in sleep hygiene practices and non-pharmacological interventions across the country.

Feasibility Important issues, or potential issues not investigated

Implementation of this recommendation may be challenged by the availability in counselling on sleep hygiene practices and other
non-pharmacological interventions.

Treatment with melatonin for this patient group should be initiated and monitored by medical specialist with knowledge of the
underlying condition leading to the chronic insomnia. Access to a medical specialist may hinder the implementation of this
recommendation. Treatment with melatonin for patients with severe chronic paediatric or psychiatric conditions should be
handled by the clinics that are already involved in the treatment of these patients.

The table displays to parameters taken into account in the development of the recommendation. These include the benefits and harms, certainty of evidence, patient values and preferences, resources,
equity, acceptability and feasibility.

Table 3: Evidence to decision framework (EtD).

Discussion granted that daytime functioning is affected and that
We recommend that melatonin may be used in children ~ sleep hygiene practices have been inadequate. We
and adolescents aged 2-20 years with chronic insomnia  consider this to be one of the first evidence-based rec-
due to underlying disorders ranging beyond indication, = ommendations on the matter.
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Our results are based on 13 RCTs including a total
of 403 participants presenting with various disorders
ranging beyond indication. In these patients, mela-
tonin led to a moderate clinical reduction in sleep la-
tency by approximately 15 min and a moderate increase
in total sleep time by about 19 min. The certainty of
evidence was in both cases downgraded to moderate
due to serious inconsistency, as reflected by high sta-
tistical heterogeneity across data. The included studies
mainly focus on medical condition which varies in
aetiology. This high variation in the underlying disor-
ders being investigated evidently introduces impreci-
sion in the findings presented here. In accordance, our
pooled estimates are also affected by some level of
statistical heterogeneity as well as wide confidence in-
tervals. The directions of effects across studies are
however consistent, and the observed imprecision may
revolve around the magnitude of effects. The positive
effect on total sleep time was mainly driven by two
studies.””*' The largest effect was reported by Braam
et al. 2008," which was also the smallest of all the
included studies (n = 4 in each group) and the only
study investigating patients with Angelmann syn-
drome. The positive impact on sleep latency was also
mainly led by two studies,”’' again with the largest
effect observed by Braam et al. 2008.*' Further studies
with larger patient samples are needed to assess
whether melatonin indeed provides a differential
magnitude of effect across different disorders. Our
sensitivity analysis further showed, that the positive
impact on sleep latency was seen in studies of high risk
of bias, whereas no effect was found in studies with
low risk of bias, which underlines the need for further
studies of high methodological quality. We explicitly
sought to investigate the use of melatonin in children
and adolescents presenting with underlying disorders
beyond indication, thus excluding studies on patients
primarily presenting with autism spectrum disorder or
ADHD. Autism and/or neurodevelopmental disorders
are however important comorbidities in several of the
included disorders, such as Angelman syndrome, Rett
syndrome and Dravet syndrome.**® Further studies
are needed to assess whether autism spectrum disor-
der and/or ADHD as a comorbidity may have an
impact on the subsequent effect of melatonin in these
patients. There was a variation in how explicitly the use
of concomitant medication was mentioned in the
included studies. In five of the 13 studies, a different
range of anti-epileptic drugs were applied, of which
some are known to affect sleep. It remains to be
assessed what impact concomitant medicine may have
on the effect of melatonin. We found no effect on the
remaining outcomes investigating benefits, including
our primary outcomes on quality of sleep and general
functioning. The general impact on quality of life was
uncertain. Chronic insomnia is associated with an in-
fluence on daytime functioning. In accordance, we
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chose daytime functioning as one of the primary out-
comes. Despite its importance, it is noteworthy that
only two studies reported on this outcome?*?” and that
pooled estimates showed no effect of melatonin. As
such, the observed moderate improvement in sleep
latency and total sleep time, for now, does not seem to
translate into a clinical impact on daily functioning.
Despite this, we still believe that melatonin may be
tried for children and adolescents in which daytime
functioning is affected, as the improvement in sleep
continuity parameters may nevertheless provide some
level of relief. Further studies investigating the impact
of melatonin on daily functioning within a larger group
of patients are highly needed.

We found that use of melatonin did not increase the
number of patients experiencing serious—or non-
serious adverse events. Data on safety was however
scarce, as less than half of the studies provided data on
this outcome, despite its importance. Only four studies
explicitly reported on serious adverse events, whereas
five studies reported on non-serious adverse events.
Thus, the assessment of adverse events is based on few
studies conducted across a range of different disorders,
and each with small sample size. The discrepancy across
studies should also be noted, as some found a signifi-
cant increase in the number of patients experiencing
non-serious adverse events, whereas others report that
no adverse events were detected at any time in either the
intervention or placebo group. None of the studies
provided with an extensive list of the frequency and/or
type of non-serious adverse events which had occurred
throughout the trial. Instead, a list of the “most frequent
type” of adverse events was provided. We are unable to
make any assumptions as to whether this missing data
is at random. The current scarcity in safety data calls for
further systematic assessment of both serious- and non-
serious adverse events in patient populations who pre-
sent with chronic insomnia as a consequence of an
underlying disorder. For now, it is unknown whether
the adverse event profile may differ across disorders and
thus we recommend that use of melatonin should be
initiated and monitored by a medical specialist with
knowledge of the underlying disorder. As presented
elsewhere,” pubertal development may not be influ-
enced, yet due to the lack of data, it was not possible to
investigate these claims further.

Our findings are similar to other systematic reviews,
which also show a positive effect of melatonin on sleep
latency and total sleep time, yet without the reviews
providing information on quality of sleep or daytime
functioning.*”** Following subgroup analysis, we found
that effects were comparable between fast-release and
sustained-release formulations and increasing dosages
above 5 mg did not seem to further improve outcomes.
These subgroup results are based on few studies with
high heterogeneity across trials, and thus further
research is needed. Nevertheless, our subgroup findings
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align with current published expert opinions stating that
prolonged-release formulations may not be superior to
immediate release, and with the recommended dosage
for children being 3 mg/nocte and 5 mg/nocte for ad-
olescents.”* The timing of dosing across studies varied
between 20 min and 2 h before bedtime. Timing of
administration is of importance and depends on
whether melatonin is administered as a chronobiotic
(2-3 h before dim-light melatonin onset) or rather as a
sleep inductor (30 min before bedtime).** As such, the
most appropriate timing of administration may likely
differ across different disorders, which should be kept
in mind if treatment with melatonin is initiated.

In all cases, chronic insomnia should initially be
tried resolved by means of sleep hygiene practices and
other non-pharmacological measures. Indeed, a recent
meta-analysis showed that encouraging earlier bed-
times, may increase the total sleep time by 47 min in
healthy children.” It is noteworthy, that only 4 out of the
13 included studies reported that sleep hygiene practices
had been tested prior to initiating treatment with
melatonin. Healthcare decision-makers seeking to adopt
this recommendation should be aware that access to
non-pharmacological interventions may hinder the
feasibility of implementation. Treatment with melatonin
is off-label for all patients included in this review, which
is something families should be made aware of if
treatment is initiated. The decision to initiate off label
treatment and the consequences this may have, is the
responsibility of the prescribing clinician. In accor-
dance, we recommend that treatment with melatonin
should only be initiated and monitored by a specialist
with knowledge of the underlying disorder.

Overall, we found evidence of low certainty showing a
moderate clinical effect of melatonin on sleep continuity
parameters, without it translating into an impact on daily
functioning and quality of sleep, in patients presenting
with chronic insomnia primarily due to underlying
medical conditions. It remains to be investigated whether
melatonin may provide a differential magnitude of effect
and adverse event profile across different disorders. The
long-term consequences still need further assessment.
Based on a combined assessment, we provide a condi-
tional recommendation for use of melatonin in children
and adolescents aged 2-20 years, who despite optimisa-
tion of sleep hygiene practices, continue to present with
difficulties in daily functioning, due to chronic insomnia
attributed to an underlying disorder. The off-label use of
melatonin for these patients should never be first choice
of treatment, but may be considered by a medical
specialist with knowledge of the underlying disorder, if
non-pharmacological interventions have proven to be
inadequate.

The strengths of this review include transparent
methods and a comprehensive search strategy, with study
selection performed by two independent reviewers. The
work is based on a pre-specified, publicly available

protocol. Limitations include language restrictions to
English and Scandinavian languages. This was done to
avoid any misinterpretation of results published in
another foreign language. It is not known whether there
may be additional relevant studies published in other
languages. The authors of the included studies were not
contacted in case of missing data. This may have been
relevant for cross-over trials, as none of the trials included
data from the first period. Thus, it is not possible to rule
out potential cross-over effects in the data stemming
from the cross-over trials. Few changes were made to the
pre-specified protocol, as the age range was lowered from
5 to 2 years of age. This change was based on the clinical
observation that children with underlying disorders may
present with chronic insomnia already at such young age.
The identified literature was re-evaluated in accordance
with this change, to make sure all relevant studies had
been included. The age range in the included studies
assessed children and adolescents aged 1-26 years.
Despite this slight discrepancy in age range, we still
believe that the current evidence is representative of our
pre-specified age range. We initially planned to assess
outcomes after 2—4 weeks of commencing treatment.
However, due to the few number of identified studies, we
decided to also include studies that deviated from this
timeframe. We initially planned to assess the frequency
of serious—and non-serious adverse events, yet due to a
lack of data in the included studies, this was changed to
the number of patients experiencing serious—and non-
serious adverse events. One of the main limitations of
this review is the heterogeneity of the sample being
investigated, which should be kept in mind when
consulting the results.
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