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Summary
Background Melatonin prescriptions for children and adolescents have increased substantially during the last decade.
Existing clinical recommendations focus on melatonin as a treatment for insomnia related to neurodevelopmental
disorders. To help guide clinical decision-making, we aimed to construct a recommendation on the use of melatonin
in children and adolescents aged 5–20 years with idiopathic chronic insomnia.

Methods A systematic search for guidelines, systematic reviews and randomised controlled trials (RCT) were per-
formed 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 search for adverse events in otherwise healthy
children and adolescents was also performed. The latest search for guidelines, systematic reviews, and adverse events
was performed on March 18, 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 (5–20
years of age) with idiopathic chronic insomnia, in whom sleep hygiene practices have been inadequate and melatonin
was tested. 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. Secondary outcomes
included total sleep time, sleep latency, awakenings, drowsiness, quality of life, all-cause dropouts, and non-serious
adverse events. Outcomes were assessed at different time points to assess short-term and long-term effects. Meta-
analysis was performed using inverse variance random-effects model and risk of bias was assessed using
Cochrane risk of bias tool. If possible, funnel plots would be constructed to investigate publication bias.
Heterogeneity was calculated via I2 statistics. A multidisciplinary guideline panel formulated the recommendation
according to Grading of Recommendations 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
subsequently used to discuss the feasibility and acceptance of the constructed recommendation alongside the
impact on resources and equity. The protocol is registered with the Danish Health Authority.

Findings We included eight RCTs with 419 children and adolescents with idiopathic chronic insomnia. Melatonin led
to a moderate increase in total sleep time by 30.33 min (95% confidence interval (CI) 18.96–41.70, 4 studies, I2 = 0%)
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and a moderate reduction in sleep latency by 18.03 min (95% CI −26.61 to −9.44, 3 studies, I2 = 0%), both as assessed
by sleep diary. No other beneficial effects were found. None of the studies provided information on serious adverse
events, yet the number of participants experiencing non-serious adverse events was increased (Relative risk 3.44, 95%
CI 1.25–9.42, 4 studies, I2 = 0%). Funnel plots were not constructed due to the low number of studies. The certainty
of evidence was very low on the quality of sleep and low for daytime functioning.

Interpretation Evidence of very low certainty shows that benefits are limited and unwanted events are likely when
melatonin is used to treat otherwise healthy children and adolescents with chronic insomnia. Melatonin should never
be the first choice of treatment for this particular population, yet carefully monitored short-term use may be
considered if sleep hygiene practices and non-pharmacological interventions have proven inadequate, and only if
daytime function is compromised.

Funding The Danish Health Authority and 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/).
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Research in context

Evidence before this study
The number of young people using prescribed melatonin has
increased substantially in the past decade. Previous
recommendations focus on melatonin as a treatment for
insomnia related to neurodevelopmental disorders, whereas
no recommendations exist for children and adolescents with
insomnia of unknown cause. We aimed to address this gap in
recommendations.

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 idiopathic chronic insomnia. Evidence of
very low certainty shows that the efficacy of melatonin, in
otherwise healthy children and adolescents aged 5–20 years, is
restricted to a moderate improvement in sleep continuity
parameters, without having any impact on more personal-
perceived outcomes, such as quality of sleep and daytime

functioning. There is an increased risk of non-serious adverse
events. Our recommendation, outlined below, were
constructed by a multidisciplinary guideline panel in
accordance with Grading of Recommendations Assessment,
Development and Evaluation (GRADE).

Implications of all the available evidence
Based on our findings, we recommend that healthcare
providers aim for rational use of melatonin in otherwise
healthy children and adolescents, in which it is only
administered in special cases and for a short period of time.
Prior to initiating such off-label use, it is essential that the
limited benefits, the likelihood of unwanted events, and what
may constitute realistic magnitudes of effect are discussed
with the child/adolescent. Further studies are needed to
determine the long-term consequences of melatonin
treatment in healthy, young individuals with greater certainty.
Introduction
Insomnia is common and found in conjunction with
neurodevelopmental and psychiatric disorders, yet also
reported in up to 25% of otherwise healthy children and
adolescents.1,2 Chronic insomnia disorder refers to
repeated difficulties with either initiating—or main-
taining sleep, or issues with the duration–or quality of
sleep, despite optimal circumstances for achieving
sleep. The issues with sleep are present at least three
times a week, for at least three months and are related to
a reduction in daytime functioning such as fatigue,
impaired attention, mood—and cognitive disturbances,
daytime sleepiness and reduced motivation.3,4 Inade-
quate sleep may have widespread consequences for the
child or young individual. Apart from a potential
negative impact school/work performance, inadequate
sleep has also been linked to symptoms of depression,
growth restriction, diabetes, and obesity.5–12 Thus, suf-
ficient intervention is needed to break a potential
negative trajectory.

Within the last decade, melatonin has gained
popularity as a sleep aid and is now considered one of
the most commonly prescribed drugs to treat
insomnia in children and adolescents.1,13–15 Melatonin
is an endogenous hormone that promotes sleep.16–19

Registry data from Denmark show a substantial in-
crease in the number of young people using pre-
scribed melatonin from 2011 to 2021, as users
between the age of 0–17 years more than tripled,
whereas a sevenfold increase was seen in users
www.thelancet.com Vol 61 July, 2023
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between 18 and 24 years.20 This substantial increase
was also seen from 2012 to 2018 in Norway and
Sweden.21,22 During the same time period (from 2012
to 2021) the number of annual paediatric melatonin
ingestions reported to the United States poison con-
trol centres increased by 530%, which was considered
a likely result of a surge in the use of melatonin for
both adults and children in the United States.23 In
Australia, the prescription of melatonin increased by
just over 600% from 2011 to 2018 in children and
adolescents below 19 years of age.24 The regulation of
synthetic melatonin variates considerably across
countries. In some European countries, melatonin is
obtained by prescription, whereas it can be bought as a
dietary supplement in the United States.25 In Europe,
melatonin is indicated for a narrow set of paediatric
patients who have difficulties sleeping, including
those with autism spectrum disorder, and attention-
deficit/hyperactive disorder (ADHD).26,27 For children
and adolescents with chronic insomnia of unknown
cause, the use of melatonin is off label. Thus, for this
population, it is the prescribing doctor who, based on
the evidence at hand, bears the responsibility for each
individual decision leading to off-label use. As such,
several recommendations exist for the use of mela-
tonin in children and adolescents who present with
chronic insomnia due to underlying neuro-
developmental disorders such as autism spectrum
disorder, and ADHD.28–30 There are currently no rec-
ommendations that may guide clinical decision-
making specifically when it comes to prescribing
melatonin to children and adolescents with chronic
insomnia that is not due to any sleep -, medical -, or
mental disorder or the use of medication/substances.

Our objective was to develop a recommendation on
the use of melatonin for children and adolescents (age
5–20 years), who despite optimisation of sleep hygiene
practices, continue to display deficits in daytime func-
tioning due to idiopathic chronic insomnia.
Methods
Methodology and work process
This study is a part of national clinical recommenda-
tions published by the Danish Health Authority in
2022.3 The work follows the Population, Intervention,
Comparison and Outcome (PICO) framework,31

GRADE,32 the Preferred Reporting Items for System-
atic Review and Meta-analysis (PRISMA)33–35 and
guidelines of the Cochrane Collaboration.36 A pre-
specified protocol in Danish was registered and
approved by management from the Department of Evi-
dence Based Medicine at the Danish Health Authority
on December 21, 2021 and is publicly available on the
Danish Health Authority website at https://www.sst.dk/
da/Udgivelser/2022/NKA_-Behandling-med-melatonin-
ved-soevnforstyrrelser-hos-boern-og-unge. The PRISMA
www.thelancet.com Vol 61 July, 2023
checklist as well as description of the guidelines panel
and work process is found in the Supplementary.

PICO question
The population included children and adolescents (5–20
years of age) with idiopathic chronic insomnia, where
sleep hygiene practices have been inadequate. Chronic
insomnia refers to the diagnosis of chronic insomnia
disorder as defined by the International Classification of
Sleep Disorders, version 3 (ICSD-3). The term “idio-
pathic” was chosen in the context of this review, to
reflect that the observed sleep disturbances are not due
to any sleep -, medical -, or mental disorder or the use of
medication/substances. The diagnosis of chronic
insomnia disorder found in the ICD-3 applies to all
patients presenting with insomnia symptoms, irre-
spective of whether or not these may be linked to an
underlying medical—or mental disorder.4 However,
from a clinical perspective, we have in this review cho-
sen to solely focus on the patient group presenting with
idiopathic insomnia, as the referral and treatment of
these patients tend to differ from those presenting with
underlying disorders. Whereas the former may be
referred to a general practitioner, the latter is often
treated for insomnia symptoms in specialised medical
facilities due to the complexity of potentially conflicting
symptoms and concomitant medications. Thus, studies
on participants with primary psychiatric, or somatic
disorders were excluded. Sleep hygiene refers to the
counselling of the parents/young individual on what
type of behaviour and routines facilitate adequate sleep,
such as establishing fixed bedtime and routines,
limiting the use of electronics close to bedtime and
avoiding excessive daytime sleeping. The intervention
was melatonin, with no restrictions on dosage, duration,
time of consumption or release formula. The compari-
son was no treatment (or placebo) or non-
pharmacological interventions such as, but not
restricted to, physical activity, cognitive behavioural
therapy, or weighted blankets. Primary outcomes were
quality of sleep, daytime functioning and serious
adverse events. Secondary outcomes included total sleep
time, sleep latency, awakenings, drowsiness, quality of
life, dropouts, and non-serious adverse events. Out-
comes were assessed at different timeframes to assess
both the impact on short- and long-term treatments
(overview of outcomes provided in Supplementary). A
thorough assessment of long-term adverse events (pu-
bertal development and bone health) will be published
separately.37 We did not a priori make any requirements
as to how outcomes were to be assessed, as this would
depend on the data available in the current literature.

Search for literature and study selection
A systematic search was performed in four individual
steps for 1) guidelines and health technology assess-
ments, published within the last 12 years 2) systematic
3
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reviews and metanalysis, published within the last 7
years 3) randomised controlled trials (RCT), with no
date restriction and 4) a restricted search for adverse
events, with no date restriction. Search for guidelines,
systematic reviews and the restricted search for adverse
events was performed up to March 2023 (last search
date March 18). The search for RCTs was performed up
to February 2023 (last search date February 6). The
restricted time frame for guidelines and systematic re-
views was chosen to ensure that any identified evidence
synthesis would include the latest primary studies and
thus would still be considered relevant. No restriction
was put on the search for randomised studies to ensure
that all relevant primary studies were identified.
Searches were performed 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.
Search words included medical subject headings and
free-text search words. Language was restricted to En-
glish and Scandinavian languages. There were no re-
strictions on publication status. The reference lists of
included studies were searched for additional relevant
studies. The guideline panel was consulted to ensure
that no known literature was missing. The search stra-
tegies are found in the Supplementary.

Identified studies were imported to RefWorks and
duplicates were removed. Remaining studies were im-
ported to Covidence,38 and final selection was based on
the described PICO criteria. One reviewer (HEC)
assessed title and abstracts. Full text assessment was
done by two independent reviewers (HEC and HKA).
Reviewers were not blinded during study selection. Any
disagreements were solved through discussion.

Data extraction and risk of bias
The Covidence software was used for data extraction
using a predefined template,38 which included: study
design, funding, diagnosis, age, dosage, length of treat-
ment and outcomes. For cross-over trials, data of the first
period were prioritised, in an attempt to diminish po-
tential carry-over effects.36 If case clock times were pro-
vided, these were transformed into minutes. Risk of bias
was assessed using the Cochrane risk of bias tool (version
1).39 If possible, funnel plots would be constructed to
investigate publication bias.40 Two reviewers (HEC and
HKA) performed data extraction and risk of bias assess-
ment independently. Discrepancies were resolved
through discussion. The authors of the included studies
were not contacted for further information.

Summary measures and statistical analysis
We constructed a table providing an overview of the re-
ported outcomes across the included studies (outcome
matrix available upon request). Forest plots were
performed in RevMan 5, version 5.3 (Cochrane collabo-
ration), using inverse variance random-effects models.41

For dichotomous outcomes, relative risk and 95% confi-
dence interval (CI) were calculated. For continuous out-
comes, either a mean difference (MD) or standardised
mean difference (SMD) alongside a 95% CI was calcu-
lated. Heterogeneity was calculated via I2 statistics, with
I2 > 50% considered to be substantial.42 Wherever
possible, post hoc subgroup analysis were performed
investigating the impact of dosage (below/above 5 mg),
age (below/above 12 years) and type of release formular
applied (fast release/sustained release). Sleep continuity
parameters (total sleep time and sleep latency) measured
by both actigraphy and sleep diaries, were assessed
separately. In case a significant result was identified,
further assessment of baseline values was made to assist
in interpreting the clinical relevance. Baseline values
were extracted from the studies when available and the
range of values was presented. Sensitivity analysis were
not performed due to the low number of studies.

Certainty of evidence and creation of
recommendation
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.32 The overall certainty of evidence
relied on the lowest level of evidence of the primary
outcomes. The final recommendation was based on a
weighted assessment of benefits and harms, overall
certainty of evidence and patient values and preferences,
which led to either a strong or conditional recommen-
dation, for or against an intervention. The guideline
panel discussed the feasibility and acceptance of the
constructed recommendation alongside the impact on
resources and equity in accordance with the evidence-to-
decision framework (EtD).43 Factors relevant to health-
care decision-makers and patient preferences were
based on experiences and clinical judgment of the
multidisciplinary guideline panel, with the potential for
adjustments following a public hearing.

Role of funding source
The work was funded by the Danish Health Authority.
The Parker Institute, Bispebjerg and Frederiksberg
Hospital, is supported by a core grant from 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
Literature search and study selection
No relevant guidelines or health technology assessments
were identified (Fig. 1a). The search for systematic re-
views resulted in 28 reviews that underwent full-text
www.thelancet.com Vol 61 July, 2023
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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.

Articles
evaluation. Of these 28 reviews, 14 reviews came close to
our research question,25,44–56 yet these were excluded
following a thorough read-through (Fig. 1b). A search
for primary studies resulted in 1109 studies, leading to
the final inclusion of eight RCTs57–64; (Fig. 1c). The
reference lists of the identified systematic reviews and
the separate search for RCTs investigating adverse
events did not contribute with any further studies.
PRISMA flowcharts for all searches performed and an
overview of excluded primary studies are included in the
Supplementary.

Description of included studies
The eight RCTs included a total of 419 participants, aged
6–19 years, with idiopathic chronic sleep onset insomnia.
All studies investigated the effects of melatonin in com-
parison to placebo.57–64 No studies were identified in
which melatonin was compared to no-pharmacological
www.thelancet.com Vol 61 July, 2023
interventions such as physical activity, cognitive behav-
ioural therapy or weighted blankets. Five studies explicitly
mentioned that sleep hygiene measures had been tested
before the initiation of the trial.58–62 In one study, infor-
mation on sleep hygiene was provided at the start of the
study.63 The dosages of melatonin ranged from 1 to
10 mg. Fast-releasing melatonin was used in five
studies.58–60,62,63 Three studies did not explicitly state which
release-formula had been used.57,61,64 The time of inges-
tion mainly took place 1.5–2 h before bedtime. The
length of treatment varied from 1 to 5 weeks and out-
comes were mainly assessed after the end of treatment.

Study characteristics are seen in Table 1.

Risk of bias in the included studies
Of the eight included RCTs, the domains considered to
represent the highest level of concern (e.g. blinding,
incomplete and selective outcome reporting) were
5
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Author, year, country, trial
registration

Demographics sex (male/female) age
(provided as range or mean, SD)

Design and funding Intervention (s) Comparison Duration Outcomes of interest, measurement

Eckerberg, 2012, Sweden57

No protocol identified
n = 21, participants with sleep-onset
difficulties
Sex: 10/11
Overall age, years: 14–19
Melatonin group (n = 21)
Sex: 10/11
Age, years: 14–19
Control (placebo) group (n = 21)
Sex: 10/11
Age, years: 14–19

RCT, crossover trial
Funding: NATURAL PHARMA
International, Stockholm
Sweden provided the
melatonin and placebo
capsules.

Melatonin, 1 mg fast release capsules
(5-methoxy-N-acetyltryptamine)

Placebo–capsules 5 weeks Total sleep time: Sleep diary
Sleepiness and fatigue during daytime:
Karolinska Sleepiness Scale

Smits, 2001, the
Netherlands58

No protocol identified

n = 40, participants with idiopathic
chronic sleep-onset insomnia
Sex: 27/11
Overall age, years: 6–12
Melatonin group (n = 20)
Sex: 11/8
Age, years: 6–12
Control (placebo) group (n = 20)
Sex: 16/3
Age, years: 6–12

RCT, single center parallel
group, two arms.
Funding: The Jan Dekker and
dr. Ludgardine Bouwman
Foundation and the Dutch
Society for Sleep-Wake
Research.

Melatonin, 5 mg fast release capsules.
Administration at 18:00

Placebo—capsules
similar to the ones in
intervention group

4 weeks Total sleep time: Actigraph (Gähwiler Electronics,
Hombrechtikon, Switzerland)
Sleep onset latency: Actigraph
Dropouts: Number of participants

Smits, 2003, the
Netherlands59

No protocol identified

n = 62, participants with idiopathic
chronic sleep-onset insomnia
Sex: 49/13
Overall age, years: 6–12
Melatonin group (n = 27)
Sex: 20/7
Age, years: 9.2 (2.1)
Control (placebo) group (n = 35)
Sex: 29/6
Age, years: 10.1 (1.7)

RCT, single center, parallel
group, two arms.
Funding: The Jan Dekker and
dr. Ludgardine Bouwman
Foundation.

Melatonin 5 mg fast release capsules
(Duchefa Farma BV, Harlem, the
Netherlands).
Administration at 19:00

Placebo—capsules
similar to the ones in
intervention group

4 weeks Daytime functioning: Funktional status II tool
Total sleep time: Sleep log/Actigraph
Sleep onset latency: Sleep log/Actigraph
Dropouts: Number of participants

Van der Heijden, 2005, the
Netherlands60

No protocol identified

n = 110, participants with idiopathic
chronic sleep onset insomnia
Sex: 76/24
Overall age, years: 6–12
Melatonin group (n = 55)
Sex: 31/15
Age, years: 6–9 and 10–13
Control (placebo) group (n = 55)
Sex: 45/9
Age, years: 6–9 and 10–13

RCT, single center, parallel
group, two arms.
Funding: The Dr. Ludgardine
Bouwman Foundation.

Melatonin 5 mg fast release capsules
(Duchefa Farma BV, Harlem, the
Netherlands).

Placebo–capsules
similar to the ones in
intervention group

4 weeks Individual patient data of two previously
published randomised, placebo-controlled,
double blind, clinical trials, using similar
methodology (Smits et al., 2001, 2003), were
combined.
Total sleep time: Actigraph
Sleep onset latency: Actigraph

Van Geijlswijk, 2010, the
Netherlands61

Title registration:
International Standard
Randomized Controlled Trial
Number Register
(ISRCTN20033346).

n = 72, participants with chronic sleep
onset insomnia
Sex: 30/42
Overall age, years: 6–12
Melatonin groups (n = 53)
Sex: 24/29
Age, years: 6–12
Control (placebo) group (n = 17)
Sex: 6/11
Age, years: 6–12

RCT, single center, parallel
group, four arms.
Funding: None mentioned

Melatonin 0.05 or 0.1 or 0.15 mg/kg
(supplied by Pharma Nord, Denmark)
in the appropriate calculated dosage
and microcrystalline cellulose.
Administered between 17:30 and
19:30.

Placebo containing
only microcrystalline
cellulose (Bufa,
Haarlem, The
Netherlands)

2 weeks Sleep onset: Actigraph
Sleep onset latency: Actigraph
Wake-up time: Actigraph
Total sleep time: Actigraph

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

Demographics sex (male/female) age
(provided as range or mean, SD)

Design and funding Intervention (s) Comparison Duration Outcomes of interest, measurement

(Continued from previous page)

Van Geijlswijk, 2011, the
Netherlands62

Trial registration:
International Standard
Randomized
Controlled Trial Number
Register (ISRCTN20033346).

n = 59, participants with chronic sleep
onset insomnia
No sex data available
Subgroup a. Age, years: <13 years
Subgroup b. Age, years: >13 years
Melatonin group (n = 59)

Follow up from the RCT study
Van Geijlswijk, 2010
Funding: None mentioned

Long term use of melatonin, mean
dose 2.69 mg (min 0.3 mg, max
10 mg)

6
months

Dropouts: Number of participants.
Quality of sleep: Children sleep health
questionnaire
Effects of prolonged use of Melatonin—Puberty
development: Tanner score (Tanner Stages
standard deviation scores could be determined
for 16 boys and 30 girls)

Van Maanen, 2017, the
Netherlands63

No protocol identified

n = 54, participants with idiopathic
chronic sleep onset insomnia
Sex: 33/21.
Overall age, years: 7–12
Melatonin group (n = 26)
Sex: 17/9
Age, years: 10.01 (1.47)
Control (placebo) group (n = 28)
Sex: 16/12
Age, years: 10.04 (1.63)

RCT, parallel group, two arms.
A third arm received light (30
children)
Funding: Pharma Nord
sponsored the melatonin and
placebo tablets for the study

Melatonin tablets (3 mg. fast release,
Pharma Nord)
Administration at 19:00.

Placebo–tablets,
similar to the ones in
intervention group

3–4
weeks

Quality of sleep: Sleep efficacy (%)/AW4
actiwatches (Cambridge Neurotechnology Ltd,
Cambridge, UK)–Actigraph
Total sleep time: Actigraph
Sleep onset latency: Actigraph
Wake after sleep onset: Actigraph

Jalilolghadr 2022, Iran64

Trial registration: Iranian
Registry of Clinical Trials.
IRCT 2015111225008N1.

n = 60, healthy participants with
insomnia
No sex data available
Overall age, years: 7–12
Melatonin group (n = 30)
Mean age 9.79 (2.02)
Control (placebo) (n = 30)
Mean age 9.38 (1.05)

RCT, single center, parallel
group, two arms
Funding: None

Melatonin tablets (Weber Nature
company) containing 3 mg
Administration at 19:00

Placebo tablets 4 weeks Daytime functioning: children’s sleep habits
questionnaire, daily performance subscale

SD: Standard deviation, RCT: Randomised controlled trial, mg: milligram, kg: kilogram, min: minimum, max: maximum.

Table 1: Characteristics of the eight included randomised controlled trials evaluating the effect of melatonin in children and adolescents with idiopathic chronic insomnia.
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unclear in five studies.58,60,61,63,64 The risk of selection
bias, as indicated by sequence generation and allocation
concealment, was unclear in six of the studies.57–60,62,64

Risk of bias assessment is found in the
Supplementary. It was not possible to construct funnel
plots due to the low number of studies.

Estimated effects
Primary outcomes
We found no statistical effect on the quality of sleep re-
ported as sleep efficiency (%) measured by actigraphy
(MD −1.19, 95% CI −3.45 to 1.07, 1 study, very low cer-
tainty) (see Fig. 2a). No statistical effect was found on
daytime functioning (SMD −0.23, CI 95% −0.60 to 0.14, 2
studies, low certainty) when measured using parent-rated
questionnaires (children sleep habit questionnaire and
functional status II) (see Fig. 2b and Table 2). None of the
studies provided information on serious adverse events.
All forest plots are provided in the Supplementary.

Secondary outcomes
Total sleep time increased by 30.33 min (95% CI
18.96–41.70, 4 studies, high certainty) when assessed by
sleep diaries (parent—and self-reported) (see Table 2).
Fig. 2: Findings of the primary outcome (a) quality of sleep and (b)
serious adverse events. SD: Standard deviation, CI: Confidence interval.
This was considered a moderate clinical effect compared
to estimates reported at baseline (ranging between 7 and
9.5 h). Further tests for subgroup differences showed no
statistical effect for age (p = 0.86). No statistical effect was
found on total sleep time when assessed by actigraphy
(2.40 min, 95% CI −115.84 to 120.64, 1 study, very low
certainty). All forest plots are found in the Supplementary.

Sleep latency was reduced by 18.03 min (95%
CI −26.61 to −9.44, 3 studies, high certainty) when
assessed using a sleep diary (parent-reported), and by
27.04 min (95% CI −38.07 to −16.01, 1 study, very low
certainty) when assessed using actigraphy (see Table 2).
Both estimates were considered a moderate clinical ef-
fect compared to estimates at baseline (ranging between
51 and 60 min). We found a statistical, yet no clinical
effect on sleepiness measured by the Karolinska sleep-
iness scale (self-rated) (MD −0.57, CI 95% −0.66
to −0.48, 1 study, low certainty) (see Table 2). A potential
increase in wakefulness after sleep onset (WASO) was
found by actigraphy (MD 18.49, CI 95% 5.87–31.11, 1
study, very low certainty). Melatonin showed no statis-
tical impact on all-cause dropouts (RR 2.48, CI 95%
0.39–15.54, 3 studies, moderate certainty) (see Table 2).
Melatonin increased the number of participants
daytime functioning. None of the studies provided information on
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Outcome Results Effect estimates Certainty of
evidence

Conclusion

No melatonin Melatonin

All-cause
dropout

Relative risk: 2.48 (CI 95% 0.39–15.54)
Based on data from 215 patients in 3 studiesa

19 per 1.000 47 per 1.000 Moderate
Due to serious
imprecisionb

Melatonin probably has no or little effect
on all-cause dropoutDifference: 28 more per 1.000 (CI

95% 11 fewer–272 more)

Quality of sleep Measured by: Sleep efficacy (%), actigraphy
Higher is better
Based on data from 54 patients in 1 studc

Difference: MD 1.19 lower (CI 95%
3.45 lower–1.07 higher)

Very low
Due to very
serious
imprecisiond

Melatonin may have no or little effect on
quality of sleep

Daytime
functioning

Measured by: Functional status II (total score); Children’s sleep
habits questionnaire (daily performance) (parent-rated).
Scale: Lower is better
Based on data from 111 patients in 2 studiese

Difference: SMD 0.23 lower (CI 95%
0.60 lower–0.14 higher)

Low
Due to serious
imprecisionf

Melatonin may have no or little effect on
daytime functioning

Total sleep
time

Measured by: Total time spent sleeping in minutes, assessed by
sleep diary (parent—and self-reported)
Scale: Higher is better
Based on data from 184 patients in 4 studiesg

Difference: MD 30.33 higher (CI 95%
18.96 higher–41.70 higher)

High Melatonin leads to a moderate increase in
the total sleep time

Sleep latency Measured by: Time taken to fall asleep in minutes, assessed by
sleep diary (parent-reported)
Scale: Lower is better
Based on data from 142 patients in 3 studiesh

Difference: MD 18.03 lower (CI 95%
26.61 lower–9.44 lower)

High Melatonin leads to a moderate decrease in
sleep latency

Sleepiness Measured by: Karolinska sleepiness scale (self-rated)
Scale: Range 1–9. Lower is better
Based on data from 42 patients in 1 studyi

Difference: MD 0.57 lower (CI 95%
0.66 lower–0.48 lower)

Low
Due to serious
imprecisionj

Melatonin may have no or little effect on
sleepiness/drowsiness

Wakening after
sleep onset

Measured by: Wakening after sleep onset in minutes assessed by
actigraph.
Scale: Lower is better
Based on data from 54 patients in 1 studyc

Difference: MD 18.49 higher (CI 95%
5.87 higher–31.11 higher)

Very low
Due to very
serious
imprecisionk

Melatonin may lead to a moderate
increase in wakening after sleep onset

Non-serious
adverse events

Relative risiko: 3.44 (CI 95% 1.25–9.42)
Based on data from 212 patients in 4 studiesl

32 per 1.000 125 per 1.000 Moderate
Due to serious
imprecisionm

Melatonin probably leads to an increase in
non-serious adverse eventsDifference: 93 more per 1.000 (CI

95% 8 more–275 more)

CI: Confidence interval, MD: Mean difference, SMD: Standardised mean difference. aSmits 2001, Smits 2003, vanGeijlswijk 2010. bSerious imprecision: wide confidence interval. cVanMaanen 2017. dVery
serious imprecision: data based on one study; few patients; wide confidence interval. eSmits 2003, Jalilolghadr 2022. fSerious imprecision: few patients; wide confidence interval. gSmits 2001, vanMaanen
2017, Smits 2003, Eckerberg 2012. hSmits 2001, Smits 2003, vanMaanen 2017. iEckerberg 2012. jSerious imprecision: data based on one study; few patients. kSerious imprecision: data based on one study;
few patients; wide confidence interval. lSmits 2001, Smits 2003, vanGeijlswijk 2010, Eckerberg 2012. mSerious imprecision: wide confidence interval.

Table 2: Estimated effects and certainty of evidence for each outcome in accordance with the GRADE approach.

Articles
experiencing non-serious adverse events (RR 3.44, 95%
CI 1.25–9.42, 4 studies, moderate certainty) (see
Table 2). Forest plots and an overview of reported non-
serious adverse events are found in the Supplementary.

None of the studies reported on quality of sleep or
daytime functioning at 3–6 months or quality of life.
Due to a lack of data, it was not possible to perform
subgroup analysis investigating the effect of dosage or
release-form.

Certainty of evidence
The certainty of evidence was very low on quality of
sleep and low for daytime functioning. None of the
studies provided any information on serious adverse
events. Thus, the overall certainty of evidence was very
low (see Table 3).

Evidence-based recommendation
Emphasis was put on evidence showing a moderate
reduction in sleep latency and moderate increase in the
total sleep time as assessed by sleep diary, yet without
melatonin having an impact on quality of sleep and
www.thelancet.com Vol 61 July, 2023
daytime functioning. This was weighed against an
increased risk of adverse events, yet with no indication
of them being serious of nature, and the uncertain long-
term consequences.37 The overall certainty of evidence
was very low (see Table 3). The guideline panel believes
that melatonin should never be the first choice of
treatment for insomnia in children and adolescents.
However, due to the potential negative impact of
chronic insomnia, carefully monitored short-term
treatment may be tried in those who continue to
display deficits in daytime functioning. For these in-
dividuals and their families, the guideline panel believes
that there is a general interest in trying melatonin as a
treatment option.

Therefore, a conditional recommendation was pro-
vided for the use of melatonin to treat idiopathic chronic
insomnia in children and adolescents (5–20 years), who
continue to display deficits in daytime functioning,
despite the optimisation of sleep hygiene practices. If
sleep hygiene practices have proven inadequate, the
guideline panel believes that non-pharmacological in-
terventions should also be considered prior to initiating
9
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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 for children and adolescence with 
idiopathic chronic insomnia.

Melatonin led to a moderate improvement in the total duration of sleep and sleep latency, yet this does not translate into a 
positive effect on quality of sleep, daytime functioning, sleepiness/drowsiness or wakefulness after sleep onset. There were no 
studies reporting on quality of life. Melatonin led to an increase in unwanted events. The current evidence did not report on
serious adverse events. Treatment with melatonin did not have an impact on all cause dropouts. Long-term consequences, 
including the impact on pubertal development and bone density needs further investigation.

Certainty of the evidence Very low

Overall, the certainty of evidence is very low. 

The certainty of evidence for the primary outcome “quality of sleep” was very low, whereas it was low for “daytime functioning”. 
There was no information on the primary outcome “serious adverse events”.

Patient values and preferences No substantial variability expected

The working group expects that both parents with children who have sleep problems, and young individual with sleep problems, 
who have not responded adequately to sleep hygiene measures would be interested in trying melatonin

Resources Important issues, or potential issues not investigated

There is a significant price difference in the prescribed melatonin products, which may have a financial impact for the individual 
families.

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 product, and by the
variation in the availability of counselling in sleep hygiene practices and non-pharmacological interventions across the country.

Acceptability Important issues, or potential issues not investigated

The working group assesses that parents and children/young individual consider melatonin to be an acceptable treatment.
Treatment with melatonin for children and adolescence with idiopathic chronic insomnia is off-label and the families have to be 
made aware of this.

Feasibility Important issues, or potential issues not investigated

The feasibility of implementing this recommendation may be challenged by the availability of counseling on sleep hygiene 
practices and the accessibility of other non-pharmacological interventions. 

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).

Articles

10
treatment with melatonin. In accordance, some effects
of cognitive behavioural therapy (CBT), as well as other
psychological treatments, have been found for treating
insomnia in children and adolescents.65–69 The working
group recommends that treatment with melatonin
should be as short as possible and always be re-assessed
after 14 days, and again after three months. If there is
little or no effect, as assessed by sleep diary on param-
eters such as total sleep time and sleep latency, use of
melatonin should be discontinued.
The implementation of this recommendation may be
affected by the accessibility of non-pharmacological in-
terventions and counselling on sleep hygiene measures.
Equity and resources may be affected by the price of the
melatonin product being prescribed. The guideline
panel believes that the child/adolescents and parents
consider melatonin to be an acceptable treatment for
chronic insomnia. This has also been found by others.70

Nevertheless, the use of melatonin for idiopathic
chronic insomnia is off-label, which the child/
www.thelancet.com Vol 61 July, 2023
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adolescents and family needs to be made aware of prior
to initiating treatment (see Table 3).
Discussion
We recommend that melatonin may be used for a short
period of time to treat idiopathic chronic insomnia in
children and adolescents (5–20 years), yet with the
prerequisite that sleep-hygiene practices and non-
pharmacological interventions, such as cognitive
behavioural therapy and other measures, have proven
inadequate, and only in cases where daytime func-
tioning is compromised. To our knowledge, this is the
first clinical, evidence-based recommendation on the
topic.

Our body of evidence consists of eight RCTs
investigating the effect of melatonin in 419 partici-
pants, aged 6–19 years, diagnosed with idiopathic
chronic sleep onset insomnia. For these individuals,
melatonin led to a moderate increase in total sleep time
with 30 min and a moderate decrease in sleep latency
with approximately 18 min, in both cases when
assessed using sleep diaries. These results are however
based on few studies with small sample sizes and rely
on estimates provided by the parents or the participants
themselves, and thus the data bears a considerable level
of uncertainty. One study with few patients (n = 54)
reported that melatonin may increase wakening after
sleep onset, however further studies on this matter are
needed. We found no other clinical–or statistical effect
of melatonin on the remaining outcomes. Thus, it
seems that the effect of melatonin is restricted to a
moderate improvement in sleep continuity parameters,
without this translating into a positive effect on per-
sonal perceived outcomes such as quality of sleep and
daytime functioning. If treatment with melatonin is
considered, these limited benefits, including what may
be considered realistic magnitudes of effect, are
important when consulting the parents and young in-
dividuals. Due to the lack of data, it was not possible to
investigate the impact of dosage, timing of adminis-
tration or release formula. The decision on these vari-
ables continues to rely on expert-opinions and
consensus reports, until further studies have been
conducted.28 None of the included studies provided
information on whether any serious adverse events
were found when melatonin was used in children and
adolescents with idiopathic chronic insomnia. Yet,
others have shown that melatonin, in general, is not
associated with serious adverse events when assessed
across a wider population.37 Treatment with melatonin
however increased the number of participants experi-
encing non-serious adverse events, which included a
range of unwanted events such as headache, nausea,
red eyes, drowsiness, change in mood and cognition
and gastrointestinal problems. The certainty of evi-
dence for non-serious adverse events was downgraded
www.thelancet.com Vol 61 July, 2023
to moderate due to a wide confidence interval, indi-
cating some level of uncertainty regarding the extent to
which melatonin leads to non-serious adverse events.
The current evidence on safety has several limitations.
Only half of the identified studies reported on adverse
events, and of these, the systematic assessment of
adverse events in all cases relied on spontaneous
reporting either by the parents or the participant. None
of the studies provided an extensive list of all the
adverse events that occurred during the trial period.
Despite an increase in unwanted events, melatonin did
not impact all-cause dropouts, indicating that treatment
is tolerable. We were able to identify 14 existing sys-
tematic reviews that came close to our subject, yet
without them being a complete match. Nevertheless,
there was a considerable overlap of the included pri-
mary studies across the existing reviews, and thus not
surprisingly, reviews tended to report on the same ef-
fects, as also found here. To go beyond what has
already been identified and published, there is a need
for new, larger randomised studies, which apart from
evaluating efficacy beyond 4–5 weeks of treatment also
should include a systematic safety assessment. The
guideline panel agrees that optimisation of sleep hy-
giene practices constitutes the first choice of treatment
for children and adolescents with idiopathic chronic
insomnia, alongside trying non-pharmacological in-
terventions. The feasibility of implementing our
recommendation may, however, be affected by espe-
cially the access to counselling in sleep hygiene prac-
tices and non-pharmacological measures. Here, it is
worth mentioning, that only five out of eight studies
had tested sleep hygiene practices prior to initiating
treatment with melatonin, despite it being simple and
straightforward to perform. The importance of opti-
mising bed-time behaviour and routines to improve
sleep in young individuals should not be under-
estimated. A recent meta-analysis showed that in-
terventions simply focusing on earlier bedtimes, may
increase sleep duration by 47 min in healthy children.71

The equity may also be affected by our recommenda-
tion, due to the price of the melatonin products avail-
able for prescription. The issues of high costs may
favour the use of self-bought products, which has been
reported in Sweden.72 The use of melatonin products
not prescribed by a physician should be discouraged, as
studies have found that the content may vary signifi-
cantly from what is being advertised, with some prod-
ucts having serotonin content at potential clinically
important levels.73,74

Overall, melatonin has a moderate effect on sleep
continuity parameters, without having an impact on
more personal-perceived outcomes. The use of mela-
tonin should never be first choice of treatment for
otherwise healthy children and adolescents with chronic
insomnia. However, given the potential negative impact
of continuous sleep problems, melatonin may be
11
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administered in special cases and only for a short period
of time. The limited benefits of melatonin, the likeli-
hood of non-serious adverse events and what may
constitute realistic magnitudes of effect has to be dis-
cussed prior to initiating treatment.

The strengths of the current review include trans-
parent methods adhering to PRISMA guidelines,
Cochrane collaboration and the GRADE approach.
The work is based on a pre-specified protocol,
formulated by a multidisciplinary guideline panel and
pre-registered at the Danish Health Authority. The
search is based on a systematic and comprehensive
search strategy. Selection of studies, data extraction
and quality assessment have been done independently
by duplicate reviewers. Limitations include restriction
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. Reviewers were not being blinded
during selection of studies, as this was not possible
with the current software and since evaluation of the
full text was mandated to assess the eligibility of the
study for inclusion. Authors of the included studies
were not contacted for further information and grey
literature was not considered for inclusion. Assess-
ment of title and abstract was only done by one
reviewer. Amendments to the pre-registered protocol
were inclusion of studies in which sleep hygiene had
not been tested prior to initiation of the trial. We were
not able to evaluate the frequency of adverse events as
initially planned, due to limitations in the reporting of
data. Due to lack of data, we were not able to evaluate
the pre-specified outcomes following 3–6 months of
treatment. Daytime functioning was only assessed
using parent-rated questionnaires and not by a clini-
cian as initially pre-specified. The age range in our
pre-specified protocol was 5–20 years, whereas the
included studies assessed children and adolescents
aged 6–19 years. We do however believe that the cur-
rent evidence is still representative of our pre-
specified age range, and thus no amendments in
regards to this were made. Our cut-off values used in
the subgroup analysis investigating dosage effects
(below/above 5 mg) were chosen post-hoc. As such,
these cut-off values are based on what data was avail-
able in the identified literature, and thus do not per se
reflect any clinical, scientific or theoretical reason of
choice.
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