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Age

1-2 weeks Fetal cycle loss

1-2 months Starting sleep structuring

3-4 months 24 hrs cycle. Stable MLT endogenous production

6-9 months Prolonged diurnal waking periods; NAPS

12 months 70-80% night sleeping.

3 years Stable nocturnal sleep

No NAPS

10 years Stable circadian rhythms

12 years DPS. Excessive diurnal somnolence
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• Connectivity greater in 
females in the high sigma 
frequency range
• An opposite pattern in 
the alpha/low sigma and 
beta range
• General intelligence was 
not significantly associated 
with connectivity in either 
sex. 
• Strong age effects on 
sleep spindle-frequency 
activity, which loses 
synchrony as a function of 
aging.



SCIENT IF IC INVEST IGATIONS

Effect of sleep habits on academic performance in schoolchildren age
6 to 12 years: a cross-sectional observation study
Chithambara Thanu Sivakumar, MD; Mahalakshmi Rajan, MD; Umapathy Pasupathy, MD; Sathya Chidambaram, MBBS; Nithya Baskar, MD

Department of Pediatrics, Sri Ramachandra Institute of Higher Education and Research, Chennai, Tamilnadu, India

Study Objectives: Sleep plays a vital role in the cognitive and neurodevelopmental outcome of children; therefore, adequate sleep is needed to improve academic
performance. The primary objective of this study was determine the prevalence of sleep behaviors and their effect on academic performance in schoolchildren age
6–12 years and to translate the findings into greater opportunity for healthy development and academic success.
Methods: Our study included 791 healthy children between ages 6 and 12 years from schools that are parts of theCentral Board of Secondary Education in theSouth
Indian urban population. Pro forma and The Children’s Sleep Habits Questionnaire (CSHQ in local language translation) was given to the parents, and any doubts
regarding thequestionnairewereclarifiedduringparent-teachermeetings. Theprevious2cyclesof academicgrades for thesechildrenwerecollectedandcategorized
into A, B, and C grades accordingly. Then a statistical analysis of the completed CSHQ questionnaires was performed.
Results: On analyzing the CSHQ questionnaire, 71.9% of the children studied had a score higher than 41, which is in the clinical range indicating a significant
prevalence of altered sleep habits. Other risk factors included nocturnal enuresis (3.5%), snoring (10.6%), night terrors (8%), and teeth grinding (6.4%).
Conclusions: Altered sleep habits have a major effect on the academic performance of the school-age children. Assessment of sleep habits should be included in
routine pediatric office visits.
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BRIEF SUMMARY
Current Knowledge/Study Rationale:Sleep habits in children are often under-appreciated and parents are not aware of the impact they have on their child’s
overall well-being. There is a need to enlighten parents to incorporate sleep cycle regulation in good parenting.
Study Impact: Our study emphasizes the fact that sleep habits influence the academic performance and behavior of children.

INTRODUCTION

Sleep plays a vital role in the cognitive development and
neurodevelopment of children; therefore, adequate sleep is
needed to improve academic performance. Several studies have
reported the prevalence of sleep disorders in children. Sleep is
most important for adolescent and child development. Bedtime
resistance, sleep anxiety, sleep duration, night wakings, sleep-
disordered breathing, parasomnias, and daytime sleepiness all
constitute disturbance in sleep habits.1 It has been hypothesized
that academic grades are significantly affected in a child with
sleep disturbance. This finding is supportive of the neurobiologic
theories of information integration and processing during sleep.
These are the basic key aspects of the current study. There is
limited research from India on sleep behaviors of children and
their effect on academic performance The purpose of the current
study was to obtain relevant sleep disorder information from
children representing a south Indian urban population.A study of
sleephabits inchildrenandtheir effectsonacademicperformance
may emphasize the importance of understanding sleep habits and
disturbances in children and alsowouldhelp in advocating for the

importance of sleep for children and its role in providing greater
opportunity for healthy development and academic success.

METHODS

This cross-sectional observation study was approved by the
institutional ethical committee of Sri Ramachandra University.
The studypopulationwas composedof schoolchildren aged6–12
years and was conducted in an urban population in Chennai
representing south India. From the schools that consented, a
Central Board of Secondary Education English medium school
was selected for the study. Permission for the studywas obtained
from the school authority. Informed consent was requested, and
the details about the study were sent to the parents through the
school diary. Children whose parents provided consent were
recruited in the study. Through a structured proforma enlisting
demographic details aswell as some of the known risk factors for
altered sleep habits were obtained from the parents during a
school visit and a detailed physical examination was done.
Parents who did not consent to the study and the children who
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a b s t r a c t

In the clinical literature there are few specific studies about the relationship between cognition processes
and sleep during childhood. In addition, milder deficits in general intellectual capacity have received less
attention relative to major cognitive dysfunctions (such as the genetic or environmental basis of mental
retardation), especially concerning the low normal and borderline status. Sleep could play a key role in
multiple intellectual abilities such as memory, executive functions, and school performances. Aim of our
study is to assess the sleep macrostructure and NREM instability (cyclic alternating pattern) and their
relationship with IQ in a sample of subjects with borderline intellectual functioning (BIF). The DSM-IV
defines BIF as a total intelligence quotient (TIQ) ranging between 71 and 84. Intellective functioning
was assessed using the Italian version of Wechsler Intelligence Scale for Children-Revised (WISC-R), a
well validated test for the developmental age between 6 and 16. For this study, 12 BIF and 17 healthy
children, matched for sex and age, underwent an overnight PSG recording. Macrostructural sleep and CAP
analysis were also performed. To our knowledge, this study represents the first attempt to evaluate sleep
architecture and NREM instability organization in children with BIF. Findings from this investigation
evidence that BIF presents alterations in both macro- and microstructural sleep architecture, with an
interesting statistical significant correlation with IQ.

© 2010 Elsevier Ireland Ltd. All rights reserved.

In clinical literature a growing quote of reports begins to show a
relationship between sleep and cognitive functions, even in child-
hood there are few specific published researches.

Despite these advances, in fact, milder deficits in general intel-
lectual capacity have received less attention relative to cognitive
dysfunctions, especially the low normal/borderline area.

According to the American Psychiatric Association [1], bor-
derline intellectual functioning (BIF) has been defined as an
intelligence quotient (IQ) ranging between 71 and 84 (i.e., between
−2 and −1 standard deviations). Even if this intellectual level is
properly considered to be a part of the normal range IQ varia-
tion, individuals with BIF are considered at risk of shortcomings
particularly during school and working life.

Moreover, sleep disturbances could impact on cognition as
shown by the sleep breathing disorders on neuropsychological
impairment in adults [24] and children [14] as pinpointed by
some studies about the interaction between specific sleep stages
in declarative memory function [3] and learning disabilities [5].

On the other hand, one study [10] found indications for the
importance of delta oscillations in the frontal area for the neuropsy-
chological performance in healthy subjects [10], according to the

∗ Corresponding author. Tel.: +39 81 5666693; fax: +39 81 5666694.
E-mail address: marco.carotenuto@unina2.it (M. Carotenuto).

evidence that the domain of the typical frequencies of A1 phase
of cyclic alternating pattern (CAP) are likely to be generated in the
frontal and prefrontal areas of the human brain [19].

To stress the importance of the relationship between cognition
and healthy sleeping, McDermott [16] showed that the prolonged
continuous wakefulness can cause impairments in hippocampal
long-term synaptic plasticity and hippocampus-dependent mem-
ory formation, probably due to the sleep deprivation that can
disrupt also the homeostasis of endocannabinoids and elevate 2-
AG, and that may underlie sleep deprivation-induced impairments
in synaptic plasticity and cognitive function [16].

Aims of our study are to assess the sleep macrostructure and
NREM instability (cyclic alternating pattern) and their relationship
with IQ in a sample of BIF children.

For this study, 12 BIF (8 M) (mean age 10.33; SD ±1.23) and
17 healthy children (7 M) (mean age 9.81; SD ±2.46) underwent
an overnight PSG recording in the Sleep Laboratory of the Clinic of
Child and Adolescent Neuropsychiatry, after one adaptation night,
in order to avoid the first-night effect. The subjects of both groups
were recruited from the same urban area, were of Caucasian origin,
and had middle socioeconomic status.

According to DSM-IV, we included in BIF group children with a
total intelligence quotient (TIQ) between 71 and 84.

Exclusion criteria were mental retardation (IQ below 70),
genetic syndromes (i.e., Down syndrome, Prader–Willi syndrome,

0304-3940/$ – see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.neulet.2010.08.062
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Table 3
Spearman correlation analysis between sleep parameters (macrostructure and
microstructure) and IQ (verbal IQ, VIQ; performance IQ, PIQ; total IQ, TIQ) both in
BIF and control group children.

VIQ PIQ TIQ

TIB, min 0.51 0.48 0.58
SPT, min 0.52 0.60 0.68
TST, min 0.60 0.61 0.72
SOL, min 0.28 0.35 0.30
FRL, min −0.45 −0.09 −0.34
SS, h −0.63 −0.46 −0.64
AWN, h −0.70 −0.53 −0.70
SE% 0.36 0.31 0.43
WASO, spt −0.46 −0.42 −0.51
S1, spt 0.37 0.12 0.25
S2, spt 0.56 0.53 0.63
SWS, spt −0.56 −0.47 −0.56
REM, spt 0.62 0.42 0.64
CAP tot num 0.67 0.76 0.79
CAP rate% 0.29 0.50 0.39
CAP rate%S1 0.57 0.71 0.72
CAP rate%S2 0.43 0.41 0.47
CAP rate%SWS 0.17 0.39 0.24
Tot num A1% 0.75 0.26 0.61
Tot num A2% −0.74 −0.32 −0.64
Tot num A3% −0.38 −0.12 −0.29
A1 mean dur −0.57 −0.50 −0.59
A2 mean dur −0.67 −0.65 −0.72
A3 mean dur −0.05 −0.08 −0.10
A1 index 0.76 0.65 0.82
A2 index −0.41 0.08 −0.25
A3 index 0.05 0.38 0.21
B mean dur 0.05 −0.33 −0.17
Cycle mean dur −0.55 −0.51 −0.63
Seq mean dur −0.09 0.06 −0.04
Num of seq 0.75 0.67 0.81
A1/A3 N TOT 0.67 0.21 0.53
A2/A3 N TOT −0.56 −0.31 −0.53

TIB, time in bed; SPT, sleep period time; TST, total sleep time; SOL, sleep onset
latency; SS/h, stage shifts per hour; AWN/h, awakenings per hour; SE, sleep effi-
ciency; WASO, wakefulness after sleep onset; S1 and S2, sleep stages 1 and 2; SWS,
slow-wave sleep; REM, rapid eye movement sleep.
CAP rate (percentage of total NREM sleep time occupied by CAP sequences); per-
centage and duration of each A phase subtype; A1 index (number of phases A1 per
hour of NREM sleep, and of S1, S2 and SWS sleep stage); A2 index (number of phases
A2 per hour of NREM sleep, and of S1, S2 and SWS sleep stage); A3 index (number
of phases A3 per hour of NREM sleep, and of S1, S2 and SWS sleep stage); duration
of B phases; number and duration of CAP sequences. A1/A3 N TOT (ratio between
the total number of A1 phase and the total number of A3 phase), A2/A3 N TOT (ratio
between the total number of A2 phase and the total number of A3 phase).
Significant values at p < 0.05 are reported in bold characters.

Recently, Ferri et al. [9] have reported that as an effect of an
induced sleep fragmentation in young healthy adults there is the
evidence of higher stage of shifting and awakenings, increased
wakefulness after sleep onset, higher percentage of sleep stage 1,
and decreased percentages of slow-wave and REM sleep, with a
reduction of neurocognitive performances. In our sample, stage
shifting and awakenings are increased and REM percentage is
reduced. About the similarities in CAP parameters, in our sample
and in the population with sleep fragmented there is a reduction in
A1 percentage and increase in A2 percentage and A2 index, suggest-
ing that the consequent variation of CAP could produce a transient
impairment in some neuropsychological abilities, because CAP A1
subtypes are associated with higher cognitive functioning, whereas
CAP A3 subtypes are associated with lower cognitive functioning
in young healthy subjects.

Our hypothesis about these similar results is that the same and
transient effect obtained on cognitive processing in an experimen-
tal way with induced sleep fragmentation could be the natural and
stable condition for BIF subjects.

According to a recent report [6], the ratio between A1 and A2/A3
is higher in school-age children and our findings show that there is
significant difference in A1/A3 ratio that is lower in BIF.

This alteration in NREM sleep instability in our population could
be also supported by the data on the topographic mapping of the
spectral components of CAP [8]. Specifically, it is well known that
the parietal/occipital EEG activity (A3 phases) is prevalent respect
of frontal activity (A1 phases) causing a decrease in inhibitory
mechanisms and attention levels (typical functions of frontal lobes)
characteristic features of BIF subjects that are also described to
have an impulsive-response style with deficiencies in information-
processing capacity [23].

The limitation of our study consists, undoubtedly, in the num-
ber of subjects investigated, but to our knowledge this is the first
attempt to evaluate CAP parameters in children with borderline
intellectual functioning and to open a new door for understanding
this category of subjects.

In summary, our study revealed abnormal sleep patterns in chil-
dren with BIF and showed that these abnormalities are correlated
with impairments in intellectual functions.
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BIF Control M-W UTest

Mean SD Mean SD p value*

TIB-min 495.500 26.668 540.118 48.399 NS

SPT-min 461.000 32.332 509.882 45.220 NS

TST-min 387.417 80.730 496.677 45.513 0.010

SOL-min 15.333 14.423 24.088 14.172 NS

FRL-min 152.792 70.318 111.353 35.552 NS

SS-h 9.992 2.708 5.082 1.585 0.000

AWN-h 4.092 2.315 0.500 0.555 0.000

SE% 78.117 14.985 92.088 5.302 NS

WASO % 16.308 14.289 2.565 3.042 0.023

S1 % 2.008 2.179 3.712 4.312 NS

S2 % 32.875 10.238 46.841 5.551 0.007

SWS % 35.150 11.183 23.259 5.652 0.023

REM % 13.633 7.961 23.612 5.036 0.025



BIF Control Mann-Whitney Test

Mean SD Mean SD p value*

CAP total number 226.750 48.372 428.706 88.132 0.000

CAP Rate% 30.375 15.700 37.241 6.874 NS

CAP Rate%S1 7.490 21.169 32.706 21.846 0.024

CAP Rate%S2 23.475 11.832 32.600 9.435 NS

CAP Rate%SWS 39.800 20.855 48.006 8.332 NS

Total number of A1% 35.117 25.565 78.429 8.329 0.001

Total number A2% 48.467 24.077 12.253 6.870 0.001

Total number A3% 16.433 10.447 9.324 3.107 NS

A1 mean duration, s 13.858 4.475 4.765 0.339 0.000

A2 mean duration, s 19.167 5.010 7.924 1.762 0.001

A3 mean duration, s 15.375 4.559 15.506 4.901 NS

A1 index, n/h 11.967 10.234 46.300 10.594 0.000

A2 index, n/h 17.175 13.627 8.094 6.028 NS

A3 index, n/h 5.192 4.912 5.318 3.168 NS

B phase mean duration 20.517 5.750 20.853 4.192 NS

Cycle mean duration 37.300 6.711 26.659 4.254 0.006

Sequences mean duration 232.775 123.823 193.482 43.412 NS

Number of sequences 25.083 4.757 44.824 9.901 0.000

A1/A3 total number 3.194 3.311 9.732 4.587 0.003

A2/A3 total number 4.202 3.758 1.381 0.682 NS

Esposito M, Carotenuto M. Neuroscience Letters 485 (2010) 89–93
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ABSTRACT
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Without appropriate treatment, sleep disorders can become chronic and last for many years. However,
there are no sleep medications approved by the United States Food and Drug Administration and only
one has been approved by the European Medicines Agency for pediatric insomnia; thus, most medica-
tions are prescribed off-label.
Areas covered: In this narrative review, the authors highlight and summarize the most common drugs
and supplements used for the treatment of sleep problems in children with neurodevelopmental
disabilities. Recommendations are formulated regarding the use of melatonin and melatonin receptor
agonists, sedating antidepressants, antipsychotics, antihistamines, gabapentin, clonidine and orexin
receptor antagonists, and benzodiazepines and hypnotic benzodiazepine receptor agonists.
Expert opinion: The choice of pharmacological agents and their dosage should be individualized
taking into consideration multiple factors, including the severity and type of sleep problem and the
associated neurological pathology. Melatonin is widely used and safe in children with neurodevelop-
mental conditions. Gabapentin, clonidine, trazodone, and mirtazapine hold promise but require further
study. Supplements (iron, vitamin D, and 5-hydroxytryptophan) might be helpful. Due to the lack of
clinical data, there is still uncertainty concerning dosing regimens and tolerability.
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1. Introduction

Sleep disorders in children with neurodevelopmental disabil-
ities (NDDs), mainly represented by difficulty in falling asleep,
night awakenings, and reduced sleep duration, are among the
most common parental complaints to health care profes-
sionals, with a prevalence of up to 86% [1]. In children with
NDDs, sleep disturbances impact on cognitive and emotional
development, aggravating the functional impairment asso-
ciated with these conditions [2], but also affecting the entire
family environment, disrupting the sibling and marital rela-
tionships, and increasing the level of stress [3].

Children with neuropsychiatric disorders (e.g., autistic spec-
trum disorders [ASD] or attention deficit hyperactivity disor-
ders [ADHD]), neurogenetic disorders (NGD; e.g., Rett’s
disorder, tuberous sclerosis, Smith-Magenis Syndrome [SMS],
and Angelman syndrome), as well as chronic neurologic dis-
orders, such as epilepsy and Tourette’s syndrome, commonly
exhibit chronic sleep disturbances [4–10].

The pathophysiology of sleep disorders in children with
NDDs is multifactorial: in some patients, problematic sleep is
a phenotypic characteristic of a particular disorder or genetic
condition (as an example, inverted melatonin secretion in SMS),
and knowledge of the distinctive features of sleep disorders in
patients with NDDs is crucial for their effective treatment [11].

In other cases, sleep disorders represent one of the most
important comorbidities, such as insomnia in Angelman syn-
drome, sleep disordered breathing in Down’s Syndrome, exces-
sive daytime sleepiness or narcolepsy in Prader Willi syndrome,
and low levels of melatonin in ASD [1]. Sleep difficulties may
also be related to unrecognized behavioral insomnia in child-
hood, which can be difficult to identify in children with NDDs
due to their reduced communication skills, or factors related to
poor sleep hygiene or, finally, to co-occurring medical condi-
tions (e.g., epilepsy or gastroesophageal reflux). Moreover, sleep
disorders might be aggravated by common issues linked to
NDDs (such as sensory and motor deficits, psychopathological
disturbances, respiratory disorders, epilepsy, and mental retar-
dation), which can contribute to developmental delay.

A meta-analysis [12] of sleep in ADHD found that children
or their parents reported bedtime resistance, sleep-onset diffi-
culties, night awakenings, difficulties in morning awakening,
sleep breathing problems, and daytime sleepiness significantly
more often than healthy controls. Sleep problems might be
specific in different syndromes (i.e., sleep apnea in Down’s
syndrome or Prader-Willi syndrome) but sleep complaints in
children with NDDs are mainly represented by difficulty in
settling at night (51%) and nocturnal awakenings (67%) [13].
Children with ASD are more likely to experience chronic sleep
problems than their age-matched typically-developing peers,
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with a prevalence of 50–80% [14]. The most prevalent com-
plaints are difficulty falling asleep (∼40%) or maintaining sleep
(∼35%) [15]. In some severe cases, fragmented sleep through-
out the day and night induces daytime sleepiness and an
irregular sleep schedule that may lead to a free-running
rhythm or to a complete reversal of the night-day cycle [16].

There are no US Food and Drug Administration (FDA)
approved medications and only one by the European
Medicines Agency to treat insomnia in pediatric patients,
including those with NDDs, and therefore most of the drugs
are prescribed off-label. In this narrative review, we will
describe the current clinical evidence for the treatment of
chronic insomnia in children and adolescents with NDDs.

2. Non-pharmacological treatment

Sleep disturbances are often present during the early life of
children with NDDs, but they are often neglected by parents
and physicians and frequently become chronic. When dealing
with a chronic disorder, the first approach should always be
a behavioral intervention, and even if a pharmacologic approach
is needed from the beginning behavioral interventions should be
always associated [17]. Correct sleep hygiene should be first
ensured with good sleep practices and cognitive-behavioral
techniques using a gradual approach, such as graduated extinc-
tion, positive bedtime routines, positive reinforcement, etc. that
may be more acceptable for parents as well as being more
appropriate for some children with special needs [18,19].

A systematic review of behavioral treatments for insomnia
reported a moderate-to-low level of evidence supports beha-
vioral interventions in adolescents and children with NDDs
[20]. However, even if no changes were obtained in sleep
measures, sleep hygiene education induced an improvement
in daytime behaviors, quality of life, and sense of competence
in parents. Parental involvement is the only way to achieve
some positive results in sleep pattern and quality of life and
well-being in children with NDDs [11]. Table 1 reports non-

pharmacological approaches to treating insomnia in children
with NDDs.

It should be emphasized that parent-based education and
behavioral interventions are the first line treatment for insom-
nia, unless symptom severity necessitates early pharmacother-
apy [23]. However, although clinical guidelines recommend
sleep hygiene and/or behavioral intervention as the first-line
treatment, only approximately 25% of cases respond to such
a therapy. Furthermore, the clinical effectiveness of non-
pharmacological interventions is unclear, owing to the limited
number of randomized controlled trials (RCTs), the

Article highlights

● Sleep disturbances are associated with NDDs in as many as 70% of
cases.

● Both subjective (i.e., detected with questionnaires) and objective (i.e.,
revealed by actigraphy or neurophysiologic tools) sleep alterations
have been found to be significantly more frequent in individuals with
NDDs, compared to controls.

● Clinicians should screen for sleep disturbances in patients with NDDs
at each visit.

● There is a paucity of empirical evidence to guide treatment of sleep
disturbances in NDDs.

● Melatonin and other pharmacological treatments, such as gabapen-
tin, clonidine, trazodone, and mirtazapine, can constitute a valid
option in the case of inefficacy of behavioral treatment.

● More rigorous evaluations of therapeutic strategies for sleep disor-
ders are needed in individuals with NDDs. RCTs of pharmacological
and non-pharmacological interventions will be valuable to support
the clinician in making evidence-based decisions in daily clinical
practice.

This box summarizes key points contained in the article.

Table 1. Behavioral strategies for insomnia in children with neurodevelopmen-
tal disabilities.

Parents serve as active agents of change

• Dark, quiet, non-stimulating sleeping environment, with dim nightlight
∘ Set up the sleeping area so it looks and feels the same all night. Avoid
having pillows or objects that may scatter as your child sleeps. This
consistency can help your child to stay asleep throughout the night.

∘ Limit visual and auditory stimuli by, for example, turning off electronic
devices.

• Develop a constant bedtime routine tailored to the developmental age
and abilities of the child.

• Conduct stimulating and/or difficult activities early in the evening before
the child’s bedtime routine is to commence.

• Limit the number of activities included within the bedtime routine.
• Create a visual bedtime schedule that your child will understand (e.g.,
checklists, pictures, objects, or drawings).
∘ Put the bedtime schedule in a place where the routine is performed.
The schedule should also be placed at a height at which your child can
reach each item.

∘ Stand behind your child, directing him/her to the schedule. Limit
verbal instructions/prompts while using the visual schedule to
communicate the order of activities.

∘ The same activity icon should be used consistently.
∘ It’s important to reward your child for following his/her schedule
properly.

• Use of bedtime pass
∘ A bedtime pass is a card that is given to the child at bedtime that may
be exchanged for one ‘free’ trip out of bed or one parent visit after
bedtime. If the child gets out of bed after conceding their bedtime
pass, the parent should take the child back to bed with as little
attention as possible.

∘ The goal of the bedtime pass is to teach the child to stay in bed.
• Encourage self-soothing skills that allow the child to manage nocturnal
awakenings.

In the case of difficulties falling asleep:

• Apply bedtime fading (delay bedtime closer to the child target bedtime
of about 30 min, then move bedtime earlier).

• White noise (for example with a fan) could be helpful and should stay on
throughout the night if it is on at bedtime.

• Do not allow the child to make up for lost sleep by going to bed earlier
or sleeping later.

• Favor light exposure when the child gets up, and reduce photic
stimulation in the evening, to reinforce circadian alignment.

• Parents should avoid responding to the child’s disruptive bedtime
behaviors.

• Learn a relaxation technique: slow, deep breathing or imagine a calm
and relaxing place

In the case of frequent nocturnal awakenings:

• Graduate extinction: ignore negative behaviors (i.e., crying) for a given
amount of time before checking on the child. The parent gradually
increases the amount of time between crying and parental response.
Parents provide reassurance through their presence for a short time
duration and with minimal interaction.

• Bedtime pass (see above).

(adapted from [11,21,22])
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Melatonin for sleep problems in children 
with neurodevelopmental disorders
Children with neurodevelopmental disorders are at risk of sleep problems, typically difficulty getting to sleep, sleep/wake 
rhythm disturbances and reduced duration of sleep (insomnia).1,2 This may be associated with abnormally timed or 
inadequate secretion of melatonin, a naturally-occurring hormone involved in coordinating the body’s sleep-wake cycle.1,3 
Previously, we reviewed the use of a melatonin product licensed for primary insomnia in adults aged over 55 years.4 Here 
we review off-label and unlicensed use of melatonin in children with attention-deficit hyperactivity disorder (ADHD) or 
autism spectrum disorder or related neurodevelopmental disorders.

Background
During the first month of life, the sleep-wake cycle starts to adapt to night 
and day, and by one year, most children sleep through the night.5 Children 
aged 6–12 years typically fall asleep within 20 minutes of going to bed 
(sleep onset latency [SOL]) and sleep for 8–9.5 hours (total sleep duration 
[TSD]) with few night-time awakenings (high sleep efficiency [minutes 
sleeping in bed/total minutes in bed]).6 Sleep disorders affect 20–30% of 
children aged 1–5 years, and often persist as the child gets older.1,7 They 
can impair daytime functioning and be a problem for the child as well as 
their family.8

Assessment of sleep disorders
Sleep disorders may be caused by many factors and to manage them 
effectively requires careful clinical assessment.9

The history should identify:
• the nature of the problem (e.g. delay in falling asleep, frequent waking, 

unusual behaviour, daytime sleepiness);
• usual day and night sleep patterns, and any change to those patterns;
• whether bedtime is regular;
• what the sleep environment is like (e.g. background noise; use of a 

blackout blind; TV/computer in the bedroom; shared room);
• comorbidities;
• levels of activity and exercise during the day;
• effects of any medication;
• other factors thought to enhance or disturb sleep (e.g. emotional 

relationships, school problems); and
• the impact of sleep and behavioural problems on family members.10

A sleep diary should be kept for at least 2 weeks.11

Concomitant epilepsy, gastro-oesophageal reflux, iron deficiency 
and primary sleep disorders (e.g. obstructive sleep apnoea, periodic 
limb movements) should be identified and referral considered 
where necessary.10,11

Specialist investigations may include actigraphy (use of a sensor that 
measures movement as a surrogate for wakefulness) and polysomnography 
(sleep study that records brain electrical activity; eye, jaw and leg muscle 
movement; airflow; chest and abdominal excursions; oxygen saturation and 
ECG).9,12 Assessment of melatonin release in response to reduced lighting 
(dim light melatonin onset) is rarely performed.9,12

Treatment of sleep disorders
A sleep plan should be developed with parents and reviewed regularly, 
using a sleep diary.10 First-line interventions for children with insomnia 
include behavioural therapy (individualised because it is strongly influenced 
by the type of neurological deficit and the child’s environment), stimulus 
control (i.e. bedroom used only for sleep), ‘extinction’ (parental scheduled 
checks, removal of parental attention) and bedtime ‘fading’ (gradually 
moving bedtime earlier by 15-minute intervals).1,8,13

Some problems may respond to adjustment of dose of any stimulant 
medication being taken (e.g. reducing the total dose; changing the regimen 
or formulation so less medication is administered later in the day; adding a 
third dose of stimulant in the evening if sleep-onset delay is due to a 
rebound effect) or switching to an agent associated with fewer sleep 
difficulties (e.g. atomoxetine).1,12

Drugs to treat sleep problems should be used conservatively, with realistic 
treatment expectations, using the lowest effective dose for short courses, 
with appropriate monitoring (e.g. for sleep, cognition, behaviour, academic 
performance, quality of life, adverse events), and regular breaks in therapy 
to assess continued need.14

Sedatives are typically ineffective in children with neurological disorders.6 
Classical hypnotics may be addictive3 and may be associated with serious 
unwanted effects including respiratory depression, daytime somnolence 
and tachyphylaxis.15

A clinically significant improvement in sleep is defined as a reduction in SOL 
to less than 30 minutes, or an increase in TSD of more than an hour.16

About melatonin
Endogenous melatonin (N-acetyl-5-methoxytryptamine) is synthesised and 
secreted by the pineal gland in the brain from soon after the onset of 
darkness, with secretion peaking at 2–4a.m. and falling during the second 
half of the night.4 It helps control circadian rhythms and sleep regulation, 
primarily by acting at MT1 and MT2 receptor subtypes in the suprachiasmatic 
nucleus of the anterior hypothalamus.4

There is very little endogenous melatonin in infants under 3 months old; 
circadian secretion develops in older children, with peak nocturnal levels 
highest in the first 1–3 years of life, then there is a gradual decline in 
production, reaching a low level in old age.17,18

In the UK, melatonin is not licensed for use in children. A prolonged-release 
formulation of melatonin is licensed for short-term treatment for primary 
insomnia in people aged 55 years or over.19 Unlicensed preparations of 
immediate-release melatonin are often prescribed for children who have 
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for 10 days–4 weeks) may improve sleep onset in children with sleep 
onset insomnia and ADHD by around 20 minutes, and improve TSD by 
15–20 minutes. However, there are limitations to these small studies, 
and longer term efficacy is unclear.1

NICE guidelines for autism recommend not using a pharmacological 
intervention to improve sleep unless problems persist despite following a 
sleep plan, and if such problems are having a negative impact on the child 
and their family.10

If a pharmacological intervention is used to aid sleep it should:
• only be used following consultation with a specialist paediatrician or 

psychiatrist with expertise in the management of autism or paediatric 
sleep medicine;

• be used in conjunction with non-pharmacological interventions; and
• be regularly reviewed to evaluate the ongoing need for a 

pharmacological intervention and to ensure that the benefits continue 
to outweigh the adverse effects and risks.10

A consensus conference in 2014 on the current role of melatonin in 
paediatric neurology (including use in children with ADHD and autism 
spectrum disorder) suggested that when used as a sleep inducer, it 
should be given 30 minutes before bedtime.9 Treatment duration should 
be tailored to the patient but should generally not be less than 1 month.9 
Treatment should be stopped once a year for a week in summer.9 If 
melatonin becomes ineffective, the timing of administration should 
be checked as it may be being given too late; metabolism may have 
become slowed (e.g. by drugs); any neuropsychiatric comorbidity 
should be identified and treated; and the dose of melatonin may need 
to be reduced.9

Adverse effects of melatonin
The most commonly reported adverse effects of melatonin include 
morning drowsiness, enuresis, headache, dizziness, diarrhoea, rash and 
hypothermia.9 Slight transient headache and gastrointestinal symptoms 
are mainly reported in the first few days of treatment.9 Long-term adverse 
effects are unknown.

Practical issues
In the UK, melatonin is classified as a prescription only medicine. 
Unlicensed melatonin products are available from special-order 
manufacturers or specialist importing companies.i As there is no standard 
formulation, there may be variability in the clinical effect of these 
unlicensed formulations.1 Melatonin products available in other countries as 
dietary supplements are not regulated in the same way as pharmaceutical 
products.17 Prescribers should ensure that only products that are 
manufactured according to pharmaceutical good manufacturing practices 
and have undergone rigorous quality testing by an independent regulatory 
organisation are used. When an unlicensed product is prescribed the 
manufacturer should be specified because of variability in clinical effect of 
unlicensed formulations.30

The British National Formulary for Children states that melatonin is not 
licensed for use in children, but suggests a dose for a child 1 month–18 
years of 2–3mg daily before bedtime initially, increased if necessary after 
1–2 weeks to 4–6mg daily before bedtime, with a maximum of 10mg daily.30 
Little is known about its long-term effects in children. Treatment 
should be initiated by a specialist but may be continued under a  
shared-care arrangement.

Melatonin is metabolised by the CYP1A2 enzyme, so drugs affecting the CYP 
enzymes may affect the metabolism of melatonin, while melatonin may 
also inhibit CYP1A2 and CYP3A, leading to increased concentrations of other 
medications metabolised by these enzymes.9,17 As melatonin may decrease 
blood pressure or serum glucose, patients receiving medication that affects 
blood pressure or glucose should be monitored.17 Prescribers should monitor 
for any worsening of seizure control, or of mood in people with depression, 
and caution is advised in people with asthma due to the potential 
pro-inflammatory properties of melatonin.18

Costs
The cost of a 30 tablet pack of 2mg CR melatonin (Circadin) is £15.39. Costs 
for unlicensed liquid oral preparations listed in the Drug Tariff range from 
£78 to £255 for a dose of 5mg per day for 30 days. Unlicensed melatonin 
capsules vary considerably in price.

[R=randomised controlled trial; M=meta-analysis]
 1. National Institute for Health and Care Excellence, 2013. Sleep disorders in children 

and young people with attention deficit hyperactivity disorder: melatonin 
(ESUOM2) [online]. Available: http://www.nice.org.uk/advice/esuom2/resources/
non-guidance-sleep-disorders-in-children-and-young-people-with-attention-
deficit-hyperactivity-disorder-melatonin-pdf [Accessed 23 September 2015].

 2. Guénolé F et al. Melatonin for disordered sleep in individuals with autism 
spectrum disorders: systematic review and discussion. Sleep Med Rev 2011; 
15: 379-87.

 3. Carr R et al. Long-term effectiveness outcome of melatonin therapy in children 
with treatment-resistant circadian rhythm sleep disorders. J Pineal Res 2007; 
43: 351-9.

 4. Melatonin for primary insomnia? DTB 2009; 47: 74-7.
 5. Nunes ML, Cavalcante V. Clinical evaluation and treatment of insomnia in 

childhood. J Pediatr 2005; 81: 277-86.

Conclusion
Sleep problems are common in children with neurodevelopmental disorders and may be associated with abnormalities in the metabolism of 
melatonin, a hormone involved in the sleep-wake cycle. The child’s history should be carefully assessed as there may be features amenable to 
management (e.g. adjusting concomitant medication). Sleep hygiene and behavioural interventions are also sometimes helpful and should be tried 
before drug treatment is introduced. Based on a limited number of small, short-term clinical trials, melatonin has been shown to reduce the delay 
before sleep onset and increase the total duration of sleep. However, the absolute size of such changes is quite small. Little is known about 
melatonin's long-term effects in children.

Melatonin is available as a modified-release tablet licensed for short-term use in adults aged over 55 years and also as unlicensed formulations. 
Off-label use of the licensed product provides reassurance about manufacturing quality. If melatonin is to be used, the prescriber should provide 
sufficient information to allow parents and children to make an informed decision on the unlicensed use of melatonin. Prescribing should be initiated 
by a specialist and the arrangement for providing further supplies of melatonin clearly documented. An agreed treatment plan should be in place to 
ensure that children are followed up regularly to assess response to therapy, unwanted effects and the need for long-term treatment.

i For further information see MHRA guidance (https://www.gov.uk/guidance/import-a-
human-medicine#import-information-for-specific-products)
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What do we really know about the safety and efficacy of melatonin for
sleep disorders?
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ABSTRACT
Melatonin is a hormonal product of the pineal gland, a fact that is often forgotten. Instead it is pro-
moted as a dietary supplement that will overcome insomnia, as an antioxidant and as a prescription
only drug in most countries outside the United States of America and Canada. The aim of this review
is to step back and highlight what we know about melatonin following its discovery 60 years ago.
What is the role of endogenous melatonin; what does melatonin do to sleep, body temperature, circa-
dian rhythms, the cardiovascular system, reproductive system, endocrine system and metabolism
when administered to healthy subjects? When used as a drug/dietary supplement, what safety studies
have been conducted? Can we really say melatonin is safe when it has not been systematically studied
and many studies show interactions with a wide range of physiological processes? Finally the results
of studies investigating the efficacy of melatonin as a drug to alleviate insomnia are critically eval-
uated. In summary, melatonin is an endogenous pineal gland hormone with specific physiological
functions in animals and humans, with its primary role in humans to maintain synchrony of sleep with
the day/night cycle. When administered as a drug it affects a wide range of physiological systems and
has clinically important drug interactions. With respect to efficacy for treating sleep disorders, mela-
tonin can advance the time of sleep onset but the effect is modest and variable. In children with neu-
rodevelopmental disabilities melatonin appears to have the greatest impact on sleep onset but little
effect on sleep efficiency.
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Introduction

Men who have excessive faith in their theories or ideas are not only
ill prepared for making discoveries; they also make very poor
observations. Of necessity, they observe with a preconceived idea,
and when they devise an experiment, they can see, in its results,
only a confirmation of their theory. In this way they distort
observation and often neglect very important facts because they do
not further their aim1.

Melatonin has been available to consumers in many jurisdic-
tions around the world for many years, but especially in the
USA since 1994 when it was declared a dietary supplement.
In 1997 David Weaver wrote “An experiment of unprece-
dented proportions currently is being conducted to assess
the effects of melatonin using volunteers from the United
States. Unfortunately, this is not a controlled experiment,
and it appears that no systematic attempt will be made to
determine its outcome. It may only be through retrospective
study that we will learn the effects of chronic melatonin
treatment”2. Twenty three years on it can be argued that lit-
tle has changed. In 2017 it was estimated that more than
three million people in the USA used melatonin, and yet
there have been no large scale long-term safety trials
reported. As Lewy et al. noted in 1998, “to date no catastro-
phes have been related to its use”3. This would appear to be

the case today, but it can take many years to discover
adverse health issues resulting from the administration of a
drug or use of a medical procedure even when they are
regulated. One example is the evidence emerging recently of
changes in body composition during adolescence among
girls and the presence of sperm abnormalities in adult males
conceived using intra cytoplasmic sperm injection (ICSI)4, a
very common technique used for infertile couples
since 1992.

The issue of the safety of melatonin administration in chil-
dren and adults is complicated by the fact that the major
manufacturers and suppliers of melatonin are in the vitamin
industry and that as a dietary supplement, it is not regulated
by the FDA in the USA. There have been some concerns
around the quality or purity of melatonin used in the USA
produced by manufacturers of dietary supplements5–7. With
over the counter (OTC) supply of the hormone in the USA
and Canada, rather than by prescription via physicians and
pharmacists, it is up to the consumers to report any health
issues to authorities or to simply stop taking the hormone.

In the United Kingdom and European Union a number of
formulations have become available in recent years. Circadin
(Neurim Pharmaceuticals): “indicated as monotherapy for the
short-term treatment of primary insomnia characterised by
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Conclusions: High adherence to a Mediterranean diet is associated with better sleep quality either
toward direct effect on health or indirect effects through improvement of weight status
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