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Introduction

Sleep disorders in children with neurodevelopmental dis-
abilities (NDDs) have raised increasing interest in recent
years, especially some specific conditions such as Down
syndrome (DS), Fragile-X syndrome, Rett syndrome (RS),
Prader–Willi syndrome (PWS), Angelman syndrome (AS),
tuberous sclerosis, and autism spectrum disorders (ASDs).

NDDs affect approximately 2% of the general population
and are associatedwith varying degrees of cognitive, physical,
and emotional impairment.1

Sleep disturbances in children with NDDs are highly
prevalent and are linked to a multifactorial etiology with

different contributions of neurologic, medical, and psychiat-
ric comorbidities. Sleep difficulties can result in additional
learning and behavior problems, affecting the whole family’s
health and well-being.2

Furthermore, differently from age-related sleep disturban-
ces in typically developing children, sleep disorders in pa-
tients with NDDs tend to be chronic, lasting into adolescence
or adulthood.

Despite these conditions associated with different devel-
opmental disorders constitute more than 35% of total cases of
children referred to a neuropsychiatric center for sleep prob-
lems, research on the treatment of sleep disorders in children
with NDDs has been relatively scarce.3
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Abstract This review describes recent research in pediatric sleep disorders associated with
neurodevelopmental disabilities (NDDs) and their treatment. NDDs affect more than
2% of the general population and represent more than 35% of the total cases of children
referred to a neuropsychiatric center for sleep problems. Specific clinical and therapeu-
tic aspects of sleep disorders associated with Down syndrome, Fragile X syndrome,
Prader–Willi syndrome, Angelman syndrome, Rett syndrome, Smith–Magenis syn-
drome, cerebral palsy, and autism spectrum disorders are described. Furthermore,
the drugs commonly used for sleep disorders in children with NDDs are described. The
review clearly highlighted that children with NDDs are often affected by sleep disorders
that require appropriate clinical and therapeutic approach to improve quality of life in
both patients and families.
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The pathophysiology of sleep disorders in children with
NDDs might be linked to the specific syndrome genotype or
phenotype, to an endogenous dysfunction in hormone and
neurotransmitter release or to altered perception of the zeit-
gebers (light–dark cycle, food schedule, maternal inputs, etc.).

In some patients with NDDs, problematic sleep is a phe-
notypic characteristic of a particular disorder or genetic
condition and the knowledge of the distinctive features of
sleep disorders in patients with NDDs is crucial for their
effective treatment.4

The main sleep complaints in children with NDDs are
represented by difficulty in settling at night (51%) and
nocturnal awakenings (67%).5 Fragmented sleep throughout
the day and night determines daytime sleepiness and irregu-
lar sleep schedule that may lead to a free-running rhythm or
to a complete reversal of the night–day cycle.6

Sleep Abnormalities in Children with Genetic
Disorders

Down Syndrome
Several studies have shown that childrenwith DS are affected
by different sleep disturbances. The most common of them is
represented by obstructive sleep apnea syndrome (OSAS)
that affects approximately 50 to 80% of people with DS.7,8

This high prevalence is linked to the definite physical char-
acteristics of DS, such as, craniofacial and upper airway
abnormalities, obesity, generalized hypotonia, tonsil and
adenoid hypertrophy, macroglossia, glossoptosis, hypoplastic
trachea, midfacial, and mandibular hypoplasia.9–11

In addition, Ferri et al hypothesized a brain stem dysfunc-
tion in DS, responsible for the abnormal imbalance between
the sympathetic and vagal systems and confirms the presence
of central as opposed to obstructive apnea in subjects with DS
without chronic respiratory pathology.12 These central events
were preceded by sighs, but they provoked significant oxygen
desaturation.

Excessively fragmented sleep, problems with sleep main-
tenance, early waking, daytime sleepiness, and decreased leg
motor activity have also been described in infants with DS
versus typically developing infants.13–16

Sleep problems have been often described as correlated
with other problems such as asthma, autism, and a history of
enlarged adenoids and tonsils.

A recent study showed that although a questionnaire
survey reported that 65% of the children had significant sleep
problems in the preceding month, the parents often did not
report sleeping difficulties in their children. About 46% of
children with DS screened positive for sleep-related breath-
ing problems and 21% for sleep-related movement disorders.
Sleep disorders represent an underrecognized problem in
children with DS and the knowledge of comorbidities may
help to deal with sleep problems in this population.9

Polysomnographic (PSG) studies showed that children
with DS had significantly less rapid eye movement (REM)
sleep than typically developing children and presented a low
R index (number of high-frequency REMs against number of
low-frequency REMs).17 In addition, they showed an increase

inwake after sleep onset, bodymovements, and fewer spindle
bursts.18

Recent practice parameters of the American Academy of
Pediatrics recommend to discuss with parents, at least once
during the first 6 months of life, symptoms of obstructive
sleep apnea (OSA), including heavy breathing, snoring, un-
common sleep positions, frequent night awakening, daytime
sleepiness, apneic pauses, and behavior problems that could
be associated with poor sleep. Moreover, screening for signs
of OSA should be included in every cardiologic follow-up.19

Angelman Syndrome
AS is a neurodevelopmental genetic disorder caused by the
absence or loss of function of the maternally inherited allele
at the 15q11-q13 domain; it occurs in 1:12,000 to 20,000
individuals and accounts for 6% of all children with severe
cognitive disability and epilepsy.20,21

AS is characterized by developmental delay, severe speech
impairment, profound intellectual disability, ataxic gait, and/
or tremulous movements of limbs, a peculiar behavior with
frequent laughter, apparently happy temperament, hand
flapping and jerky movements (puppet-like movements),
and severe epilepsy.22 Other clinical features are widely
spaced teeth, an open mouth, tongue protrusion, microceph-
aly, fair skin and hair, and hyperactivity.

Sleep disturbances are common in AS and are included in
the diagnostic criteria established in 1995 and updated in
2005.23,24

The few studies available on sleep disorders in AS show a
high frequency of disorders of initiating and maintaining
sleep, prolonged sleep latency, prolonged wakefulness
after sleep onset, high number of night awakenings, and
reduced total sleep time.25 In addition, snoring and para-
somnias were frequently reported, including enuresis,
bruxism, sleep terrors, somnambulism, and nocturnal
hyperkinesia.26 Sleep problems appear more relevant and
severe during childhood but in some patients they may
persist into adulthood.27,28

Frequent sleep complaints include the following: difficulty
initiating or maintaining sleep; frequent nighttime awaken-
ings; irregular sleep/wake cycles, and circadian rhythm dis-
orders, reduced sleep duration and nocturnal behaviors,
including nocturnal laughing, sleepwalking/sleep terrors,
bruxism, and seizures.24,26,27,29–31

PSG studies showed a significant reduction in sleep effi-
ciency and in percentage and duration of REM sleep, whereas
the percentage of SWS was found to be significantly higher,
because of the presence of the 1 to 3 Hz bursts that represent
the typical electroencephalography (EEG) pattern of the
syndrome25; no respiratory abnormalities were found, but
a tendency for subjects with AS to present a higher periodic
limb movement index versus the other two control groups
with epilepsy and mental retardation (MR) was found.32

In children with AS, biological alterations are causes of
insomnia; treatment with sleep hygiene, behavioral therapy,
and reinforcing of the sleepwake rhythmwas documented to
be as effective as hypnotic drugs.33,34 Furthermore, response
tomelatonin treatment in small trials suggests the possibility
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of altered melatonin secretion.35 In a recent study correlating
sleep–wake pattern with serum melatonin levels, children
with AS reported circadian rhythm sleep disorders (CRSDs),
delayed sleep phase syndrome (DSPS), and free-running
rhythm; the nighttime serum melatonin levels of patients
with AS were significantly low and patients with AS with
DSPS showed delayed melatonin peak.31

Prader–Willi Syndrome
PWS is a genetic disorder affecting in 1/10,000 and 1/25,000
live births.36,37 The genetic defect is linked to a deletion in the
paternally inherited chromosome 15q11–q13 in 70 to 75% of
individuals, to a maternal uniparental disomy in 20 to 25% of
cases, and to abnormal methylation of the imprinting center
on chromosome 15 in 1 to 2%.

The early symptoms are represented by feeding difficulties
and hypotonia followed by developmental delay, hypogonad-
ism, hyperphagia, obesity and behavioral, and learning and
psychological problems during childhood and adolescence.38

Different studies have been performed to evaluate sleep in
patients with PWS showing a decrease of sleep and REM
latency and the presence of sleep-onset REM periods, corrob-
orating the hypothesis of a primary disorder of vigilance.39

A recent study that evaluated sleep microstructure in
children with PWS by means of Cyclic Alternating Pattern
(CAP) analysis showed a decrease of nonrapid eye movement
(NREM) sleep instability, further supporting thehypothesis of
the presence of a primary disorder of vigilance and underly-
ing the similarities with narcolepsy. In these patients, growth
hormone (GH) therapy was able to increase the NREM sleep
instability with the normalization in slow wave sleep.40

Obesity and hypothalamic dysfunction could be responsi-
ble for the primary abnormalities of ventilation during sleep
that might contribute to excessive daytime sleepiness (EDS).
Although EDS has similarity with narcolepsy, patients with
PWS do not present the other typical symptoms of
narcolepsy.39

Sleep-disordered breathing and a decreased response to
hypoxia or hypercapnia has been described in patients with
PWS.41 The studies on the prevalence of OSAS in PWS showed
conflicting results: some reported a prevalence of approxi-
mately 90% whereas other studies reported a lower
prevalence.39

It seems that OSAS is a feature that appears during the
development; in fact, infants with PWS, when comparedwith
older children, were more likely to experience central sleep
apnea other than obstructive events.42

With age, obesity increases and OSAS emerges—a recent
review, analyzing 14 studies in children with PWS reported
an OSAS prevalence of 79.91%—53.07% hadmild OSAS, 22.35%
moderate OSAS, and 24.58% severe OSAS. Narcolepsy was
found to occur in 35.71% of children with PWS. Adenotonsil-
lectomy was found to be effective in reducing OSAS for some
children, but residual OSAS was present in the majority of
cases after the surgery.43

Several studies reported that GH therapy in children with
PWS might determine hypertrophy of tonsils or adenoids,
increase OSA, and could be responsible for sudden death of

subjects with PWS.39,44,45 In a recent study, it was reported
that, although the percentage of patients with an obstructive
apnea–hypopnea index > 1 increased during GH treatment,
a decrease of respiratory disturbance index and the central
apnea indexwere observed; the authors concluded that long-
term GH treatment in patients with PWS is generally safe,
recommending annual polysomnography and adenotonsillar
evaluation.45

Because of the concurrent presence of different sleep
disturbances (EDS, narcolepsy, and sleep-disordered breath-
ing) in children with PWS, the approach should be multidis-
ciplinary. GH treatment is now considered to be safe, but it is
still contraindicated in patients with PWS who are severely
obese or have a severe respiratory impairment. EDS can be
successfully treated with modafinil that improves significant
sleepiness and iswell-tolerated, without adverse effects.46An
improvement of EDS has been reported in a case following
treatment with tryptophan, possibly by consolidation of
fragmented sleep.47

Fragile X Syndrome
Fragile X syndrome (FXS) is one of themost common causes of
MR; it is characterized by mild-to-severe intellectual disabil-
ity, epilepsy, abnormalities in language and communication,
unusual responses to sensory stimuli, stereotypic behaviors,
hyperactivity, and deficits in visual–spatial skills, attention,
and executive functioning. Distinctive physical features in-
clude an elongated face, large ears, and protruding jaw.48

Very few studies examined sleep disorders in patientswith
FXS: in twodifferent studies Kronk et al reported a prevalence
of 32 to 50% of significant sleep problems with the more
frequent complaints represented by sleep onset difficulties
and frequent awakenings during the night.49,50

Data obtained from the Fragile X Clinical and Research
Consortium Database showed that 27% of parents report
sleep problems.48 Also, OSA has been reported to be a
frequent complain (from 7% to more than 30% of patients).51

A neurophysiologic study of nine patients with FXS
showed reduced total sleep time, decreased REM sleep per-
centage, and an increase in thefirst REM latencyand in stage 3
to 4 NREM percentage.52 Moreover, in the same study, an
increase in twitch movements was observed during both
stage 2 NREM and REM sleep. This may indicate a dysregu-
lation of the cholinergic monoaminergic system during sleep,
leading to an imbalance between the two neurochemically
different mechanisms, which are known to be involved in
other clinical manifestations of this genetic syndrome.53

Behavioral intervention for sleep problems (mainly extinc-
tion) may be effective in subjects with FXS reducing settling
problems, night awakenings, and co-sleeping while early
morning waking and night rocking do not improve.54

Recently, research has been focused on medical problems
in FMR1 premutation carriers—FMR1 premutation occurs in
1:200 women and 1:400 men.55 An association between this
condition and fragile X tremor and ataxia syndrome (FXTAS)
has been reported, but sleep problems in this population are
overlooked. Hamlin et al showed increased prevalence of OSA
in premutation carriers with FXTAS and a significant odds
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ratio of sleep apnea for permutation carriers with FXTAS of
approximately 3.4 times emerged.56

A recent study examined the relationship between fragile
X premutation and restless legs syndrome (RLS)—individuals
with premutation resulted 1.9 times as likely to meet criteria
for RLS versus controls and premutation carriers with RLS
experienced also significantly worse symptoms and higher
scores at the International restless legs scale, insomnia sever-
ity scale, and Pittsburgh Sleep Quality Index.57

Smith–Magenis Syndrome
Smith–Magenis syndrome (SMS) is a rare, complex multi-
systemic disorder caused by a mutation or small interstitial
deletion in a crucial transcriptional regulator gene of the
mammalian circadian clock, RAI1 (retinoic acid induced) on
chromosome 17p11.258; it occurs in 1:25,000 births, and is
characterized by developmental delay with intellectual dis-
ability of variable degree, short stature, hoarse deep voice,
obesity, scoliosis, distinctive facies (deep, close-set eyes,
midfacial hypoplasia, cupid bow-shaped mouth, and broad,
square-shaped face), and peripheral neuropathy.59

Maladaptive behaviors are typical of SMS—self-injury with
low sensitivity to pain (hitting, biting, skin picking, inserting
foreign objects into body orifices, and yanking nails); peculiar
motor stereotypes, including upper body self-hugging, com-
pulsive finger licking, and book or magazine page flipping;
temper tantrums, oppositional defiant behaviors, and atten-
tion deficit/hyperactivity disorder (ADHD) and a 24-hour
sleep disturbance.

The diagnosis of SMS is based on clinical recognition of this
constellation of physical, developmental, and behavioral fea-
tures in combination with a sleep disorder characterized by
inverted circadian rhythm of melatonin secretion with peaks
during the day.60

Sleep disorders characterize all ages of patientswith SMS—
in infants’ sleep disturbance is manifest by EDS or lethargy, as
well as by decreased sleep duration. Older toddlers and
children show fragmented and shortened sleep cycles, fre-
quent and prolonged nocturnal awakenings, early morning
awakening, EDS, daytime napping, snoring, and enuresis.
Decreased nocturnal sleep, early awakenings, and daytime
naps extend into adolescence.61

Data derived from actigraphy indicate a sleep distur-
bance that begins as early as 6months of age during infancy,
with fragmented sleep and reduced 24-hour sleep com-
paredwith healthy control subjects. This pattern persists in
preschool (3 years), early school (5 years), and later school
children (6–8 years) that sleep 1 to 2 hours less per 24 hours
than healthy age-matched control children. Reduced 24-
hour sleep stems largely from the reduction of night sleep
in all age groups. The sleep debt is compensated for by
daytime napping.60

PSG studies revealed reduced sleep time in virtually all
SMS patients; they showed an abnormally reduced latency for
falling asleep during the daytime, a finding that is consistent
with increased daytime napping; in addition, abnormalities
of REM sleep have also been reported in 43 to 50% of patients
with SMS.62

As somatic features like such as hypoplasia and obesity
predispose patients with SMS to OSAS, also this disorder
should be screened.

CRSD in SMS are thought to be related to the disturbed
regulation of downstream circadian clock genes.58,63

A series of studies have found that 96% of SMS children had
inverted endogenous melatonin secretion, peaking in the day
rather than at night.64

In a small group of patients with SMS, oral acebutolol was
given in the earlymorning to suppress the daytimemelatonin
secretion andwas coupledwith an evening dose of melatonin
to improve sleep/wake complaints.65,66

Rett Syndrome
RS is a rare neurodevelopmental disorder associated, in 99% of
cases, with a de novo mutation of the MECP2 (methyl-CpG
binding protein 2) gene on the X chromosome (Xq28) produc-
ing the MECP2 protein.67 It affects mainly females with a
prevalence of 1:10,000 to 20,000.68 It is the second most
common cause of genetic intellectual disability in females
(after DS) and is characterized by severe MR, autistic features,
muscle hypotonia, deceleration of head growth, ventilatory
abnormalities during wakefulness (alternating apnea and
hyperventilation), and motor apraxia of unknown etiology.69

Epilepsy occurs in 50 to 90% of patientswith RS, with drug-
resistant nocturnal seizures.70

Early studies on RS showed characteristic sleep dysfunc-
tions, that are included as part of the diagnostic criteria for RS,
represented by irregular sleep/wake patterns, excessive day-
time naps, and problematic nighttime behaviors, such as,
nocturnal laughter, bruxism, long spells of screaming and/or
inconsolable crying, nocturnal seizures, sleep terrors, and
sleep talking.71

Studies using polysomnography revealed alterations in
sleep architecture such as lower sleep efficiency, long
sleep-onset latency, and short total sleep time, increased
wake after sleep onset (WASO), decreased REM sleep, fewer
spindles, and K complexes similar to other forms of MR.72–74

Patients with RS commonly show irregular breathing during
wakefulness consisting of episodes of hyperventilation inter-
spersed by breath-holding spells, sometimes associated with
severe oxygen desaturation. On the contrary, usually, the
respiratory pattern during sleep is normal, although some
central or obstructive events and irregular breathing in later
stages of the disorder were also reported.73

A recent study showed, in a sample of more than 300 cases
followed over 12 years, that the prevalence of any sleep
disturbance was very high (more than 80%) and decreased
with age (less common in individuals older than 18 years).75

Night laughing represented the most frequent problem oc-
curring in 60to 88% of younger girls followed by night
screaming (less than 50%). The authors also demonstrated
that, after adjusting for age, a higher prevalence of night
laughing was associated with a larger gene deletion in
patients with RS.

Treatment strategies for respiratory disturbances included
1 to 2 hours per day of continuous positive airway pressure
(CPAP) while awake.76
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Behavioral insomnia and problematic nighttime behaviors
in RS are usually treated with a combination of behavioral
treatments (graduated extinction) and oral melatonin (range,
2.5–7.5 mg) that reduced mean sleep latency.77

Sleep Abnormalities in Children with Autism
Spectrum Disorders

Sleep disorders and sleep alterations are common in children
with ASDs, including Asperger syndrome.78 Studies based on
parental surveys reported a 50 to 80% prevalence of sleep
problems in children with ASD compared with a 9 to 50%
prevalence rate in typically developing children.78–80 The
degree of cognitive impairment or the ASD subtype do not
seem to be correlated with the prevalence of sleep problems
but, on the contrary, sleep disturbance in these children
seems to be correlated with aggressive behavior, develop-
mental regression, and internalizing problems.81 Sleep dis-
orders were reported either in ASD children with severe MR
or in high-functioning subjects, with intelligence quotients
greater than 70.78

In a questionnaire-based study on 167 children with ASD,
Liu et al revealed that approximately 86% of subjects had at
least one sleep problem almost every day, including bedtime
resistance (54%), insomnia (56%), parasomnias (53%), sleep-
disordered breathing (25%), morning rise problems (45%), and
daytime sleepiness (31%).82 Recently, it has been reported that
more than 50% of 2- to 5-year-old children with ASD have at
least one sleep problem, take more than 1 hour to fall asleep,
and have long-lasting nocturnal awakenings.83 Furthermore,
insomnia is 10 times more frequent in children with ASD and
this symptom tends to persist until adolescence.84

Anxiety, autism symptom severity, and gastrointestinal
problems were identified as the main risk factors for sleep
disturbance in children with ASD.85

It is known that in ASD, there is an overall diminished
pattern of nocturnal melatonin secretion or a delay in its
secretion at night. Low levels of melatonin and/or its urinary
metabolic derivatives correlate with sleep problems and
autistic behaviors.86

Therefore, patients with ASD may be unable to fall asleep
until late at night or may exhibit irregular sleep–wake
rhythms with multiple naps distributed through day and
night.87

Emotional difficulties (e.g., separation anxiety) or commu-
nication difficulties that may preclude them from compre-
hending parental instructions about falling asleep may be the
cause of insomnia.88 Also, daytime sleepiness was frequently
observed in childrenwith ASD—Bruni et al using the Pediatric
Daytime Sleepiness Scale reported that 62% of children with
Asperger syndrome exhibited scores > 16, denoting exces-
sive sleepiness.89

PSG studies in children with ASD have focused on abnor-
malities related to REM sleep (decreased quantity and re-
duced eye movement density during REM), decreased sleep
spindles in Stage 2, increased stage 1, and decreased SWS.78,87

Few studies have tried to analyze the sleep microstructure
to characterize better sleep of autistic children. Miano et al

revealed that children with ASD, compared with typical
developing children, showed a reduced total sleep, shorter
REM latency, and lower CAP rate, mainly caused by a reduc-
tion of A1 CAP subtypes.87Bruni et al reported that in children
with Asperger syndrome sleep architecture does not differ
from that of children with autism, but, on the contrary, sleep
microstructure presents several differences—increased CAP
rate in SWS and a decrease in sleep stage 2, higher percentage
of A1 subtypes, and lower A2%.89

A PSG study of two consecutive nights on ASD children
showed that the ASD poor sleepers differed significantly from
the ASD good sleepers and normal children, having lower
sleep efficiency, and prolonged sleep latency.90

The management of sleep disturbance in ASD children
depends on the type of sleep disorder, but, in general,
behavioral therapy associated to melatonin supplementation
is the most used.

Behavioral therapy: Childrenwith ASD are very sensitive to
noise, music, and daytime routine; thus, consistent sleeping
environment and routine that do not vary from one night to
another help the child relax down to sleep. Also, the avoid-
ance of exciting ormentally stimulating activities in the hours
before bedtime is important.81 Behavioral insomnia and sleep
onset association disorder require parents to practice tech-
niques of behavioral extinction and/or decreasing the dura-
tion of the afternoon nap.91

Melatonin: Melatonin given its endogenous deficiency in a
significant percentage of childrenwith ASD, supplementation
with melatonin is suggested for difficulties initiating and
maintaining sleep. The time of management is generally 5
to 6 hours before the desired bedtime, on an empty stomach
in doses of 1 to 6mg.88,92,93 In a study on 51 patients (aged 2–
18 years) with NDDs, melatonin was provided 20 to 30
minutes before the desired bedtime and improved sleep in
47 of 51 subjects—both sleep latency and total sleep time
improved by approximately 30 minutes and no significant
treatment-related side effects were reported.94

Sleep Abnormalities in Children with
Cerebral Palsy

The appropriate diagnosis and treatment of sleep problems in
children with cerebral palsy (CP) is extremely important,
because of their consequences on both child and family.2

CP is defined as a group of disorders of movement and
posture causing activity limitations that can be attributed to
nonprogressive disturbances that occur in the developing
fetal or infant brain. The motor disorders of CP are often
accompanied by disturbances of sensation, cognition, com-
munication, perception, behavior, and/or concurrent
epilepsy.

CP is estimated to occur in 1.5 to 2.5 children per 1,000 live
births in developed countries and is the most common cause
of childhood physical impairment.95

In children with CP, sleep may be affected by the following
several factors: muscle spasms, muscle–skeletal pain, and
decreased ability to change body position during the night
may all contribute to sleep difficulties. Epilepsy is likely to
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predispose to sleep disorders, and the antiepileptic drugs can
cause daytime sleepiness and deeply modify sleep architec-
ture. Approximately 20 to 50% of children with CP have a
cortical visual impairment, which can affect the timing and
maintenance of sleep through an effect on melatonin secre-
tion and the lack of light perception, resulting in a free
running circadian rhythm.96

The most frequent subtypes of sleep disorders in this
population are disorders of initiation and maintenance of
sleep, sleep–wake transition disorders, parasomnias, and
OSA.97

The incidence and severity of motor impairment and
comorbidities, including sleep disorders, is partially related
to severity of brain damage and subtype of CP, where bilateral
spastic CP or quadriplegia are the most impairing for the
quality of life and of sleep. A recent questionnaire study
showed that sleep disturbances were significantly associated
with the presence of quadriplegia, of epilepsy, of internalizing
and total CBCL score, and of level V on Gross Motor Function
Classification System (GMFCS).98

Anatomical factors such as pharyngeal hypotonia, adeno-
tonsillar hypertrophy, glossoptosis, and disproportionate
midface anatomy or mandibular alterations, together with
abnormal central control of respiration can contribute to the
obstructive disorder, causing sleep fragmentation and inter-
mittent hypoxemia. Moreover, patients with CP suffer from
gastroesophageal reflux, which may determine sleep frag-
mentation. Scoliosis and restricted lung volumes may aggra-
vate the risk of sleep-related hypoventilation.

A questionnaire-based survey of 233 CP children investi-
gated the prevalence of respiratory disturbances during
sleep; habitual snoring was reported in 63% and sleep apnea
in 19.7%. In 48 of these children whose questionnaires
revealed habitual snoring and sleep apnea, a screening sleep
study using pulse oximetry showed that 27% of the children
had an apnea–hypopnea index (AHI) > 5 and 58% had a level
of oxygen saturation lower than 85%.99

Wiggs and Stores found a significant association between
the diagnosis of CP and chronic sleep problems in a popula-
tion of motor-disabled children100; in a questionnaire-based
survey, 23% of the children with CP had an abnormal total
sleep score and 44% had at least one clinically significant sleep
disorder. Furthermore, 14.5% of the 173 children with CP had
a pathologic score for sleep-related breathing disorders at the
Sleep Disturbance Scale for Children, but the authors did not
consider the presence of MR and behavioral problems, which
are known to have a strong influence on sleep.97

One of the first reports exploring sleep organization in
children with CP showed that 12 of 23 patients exhibited
some abnormal sleep EEG pattern, such as absence of EEG
characteristics indicative of wakefulness, NREM sleep and
REM sleep, absence of REM sleep, extremely low incidence of
sleep spindles or the presence of “extreme spindles” or
abnormally high percentage of wake after sleep onset.101

An old study on 56 children with persistent snoring and
OSA, 16 of whomwere neurologically abnormal (two of them
with CP), showed that neurologically abnormal children had
significantly increased obstructive apnea indices, increased

desaturation events, and lower mean arousal indices com-
pared with their neurologically normal OSA peers.102

A more recent questionnaire-based study of children with
CP seems to indicate that this population is indeed at higher
risk for different sleep disorders: more than 40% of children
with CP presented with at least one sleep disorder, versus 5%
in the normal population, with a strong association between
the SDSC total scores, epilepsy, MR and level 5 on the
GMFCS.103

No sleep interventions specifically designed to improve
sleep of children with CP are reported in the literature, and
only melatonin remains a commonly prescribed drug for
disturbed sleep in children with neurologic dysfunction.

Treatment of OSA with adenotonsillectomy or CPAP may
improve sleep and quality of life in children with CP104;
surgical techniques for the treatment of sleep respiratory
disturbances have been used in several patients with CP or
anoxic brain injury with documented obstructive sleep ap-
nea; improvement of respiratory symptoms was achieved in
most of patients treated with a significant reduction of
AHI.105,106

Comorbid epilepsy in these childrenmight also affect sleep
through a defect in sleep regulation, presence of nocturnal
seizures, and side effects of the antiepileptic medication.107

Furthermore, spasticity, contractures, and movement limi-
tations, with associated pain may adversely affect sleep. The
reduction of spasticity in CP patients can lead to an improve-
ment of sleep maintenance trough reduction of pain, and
reduction of respiratory muscle spasticity, ameliorating the
respiratory function during sleep. Intrathecal baclofen thera-
py in a patient with mixed spastic athetoid quadriparetic CP
and sleep apnea, requiring nightly continuous positive airway
pressure, determined a reduction of spasticity, as well as an
improvement of sleep apnea.108

Published data about sleep disorders in CP were mainly
obtained by using screening questionnaires; for this reason,
additional studies with structured interview or objective
assessment may provide adequate information on sleep dis-
orders and allow us to identify effective treatments.

Therapeutic Approach to Sleep Disturbances
in Children with Neurodevelopmental
Disabilities

Most reviews of the pharmacological treatment of sleep
disorders in children with NDDs focused mainly on insomnia
and not on the other frequent comorbid disorders, such as
respiratory sleep disturbances, rhythmic movement disor-
ders, RLS, or periodic limb movements during sleep.

It should be emphasized that each developmental disorder
could be characterized bya specific type of sleep disorder that
should be accurately diagnosed to carry out the correct
treatment. Therefore, after an accurate history and physical
examination, a PSG study ismandatory if there is a reasonable
suspect of the presence of one of the sleep disorders
aforementioned.

Besides the treatment of the specific sleep disorders, an
overview of the cognitive behavioral treatment and of the
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most commonly used drugs for sleep disturbances is reported
in the following paragraphs.

Behavioral Treatment
After excludingmedical contributors and other primary sleep
disorders, that is, epilepsy, gastroesophageal reflux, iron
deficiency, OSA, periodic limb movements or CRSD, parent-
based education, and behavioral interventions are the first-
line treatment of insomnia in NDDs.

Although genetic and/or epigenetic abnormalities in sleep/
wake regulation predispose patients with NDDs to insomnia,
poor sleep hygiene, negative associations and lack of limit
setting, contribute to maintaining sleep disruption. Therefore,
all behavioral techniques aim to promote self-soothing skills
that allow the child to fall and return to sleep independently.

Parents are fundamental active figures to implement
behavioral treatment strategies, such as, promoting a dark,
quiet, relatively cool, nonstimulating environment, and poor
of visual and auditory stimuli (such as electronic devices);
parents should establish a successful and consistently fol-
lowed bedtime routine and maintain a consistent sleep/wake
schedule, avoiding the child to go to bed earlier or sleeping
later due to lost sleep.4

In the case of disruptive behaviors, parents must avoid
responding because thiswould give a negative reward to such
behaviors. In the case of difficulty to ignore the child, parents
may establish a minimal checking protocol, periodically
observing and reassuring the child if he/she accepts to stay
quiet in bed. This technique should be reapplied for nighttime
awakenings.

Drugs Commonly Used for Sleep Disturbances in
Children with Neurodevelopmental Disabilities
If insomnia in a child with NDDs remains problematic after
cognitive behavioral therapy, initiating sleep-promoting
agents while continuing behavioral intervention is
recommended.

In a recent survey study by Owens et al, more than one-
third of 1,273 child psychiatrist treating insomnia in children
with psychiatric disorders and NDDs reported that they
treated insomnia with medication at least half of the time
in patients with ADHD, ASD, and with mental retardation/
developmental disabilities (MR/DD).Moreover, they reported
to treat 17% of preschoolers and at least one-quarter of
school-aged and adolescent patients. Overall, 96% of respon-
dents recommended at least one medication in a typical
month, and 88% recommended an over-the-counter
medication.109

In general, respondents were more likely to use herbal
preparations in childrenwith anxiety or mood disorders than
in children with NDDs or ADHD; melatonin was recom-
mended by more than one-third of respondents (39%) al-
though it is unclear whether it was being used primarily at
bedtime for its mild hypnotic effects or as a chronobiotic. The
physicians recommended for sleep disorders (mainly insom-
nia) nonprescription antihistamines in 69% and α agonists in
67% of children with MR/DD. Trazodone was the second most
frequently prescribed medication for children with MR/DD
(66%) while sedating antidepressants were used in 75.5% of
MR cases. Atypical antipsychotics were used by more than
half of the respondents in children with MR/DD (52%) and
benzodiazepines were used in 21.6% of cases of MR/DD.
Tryciclic antidepressants as a class were also used for children
in these diagnostic groups (25.5%).

Despite thewidespread use of pharmacological treatment,
the lack of well designed, controlled studies concerning the
efficacy, tolerability, dosing, and safety profile of hypnotic
medications in children are still needed. ►Table 1 summa-
rizes the most common drugs used for insomnia in children
with NDDs.

Melatonin
Melatonin (N-acetyl-5-methoxytryptamine) is a chronobiotic
drug crucial for the regulation of the sleep–wake cycle. In

Table 1 Selected medications for the treatment of insomnia in subjects with NDDs

Medication Dosage Indications

Dyphenidramine 0.5 mg/kg Primary insomnia with delayed sleep onset and/or frequent nocturnal
awakenings

Hydroxizine 1 mg/kg Primary insomnia with delayed sleep onset and/or frequent nocturnal
awakenings

Niaprazine 1 mg/kg Primary insomnia with delayed sleep onset and/or frequent nocturnal
awakenings

Melatonin 0.5–6 mg Circadian rhythm disorders

Zolpidem 5–10 mg Primary insomnia with delayed sleep onset

Trazodone 50–150 mg Primary insomnia; frequent nocturnal awakenings

Clonidine 0.05–0.1 mg ADHD, disruptive behavior disorders

Gabapentin 300–900 mg Restless legs syndrome, epilepsy, resistant sleep onset insomnia

Clonazepam 0.25–0.5 mg Epilepsy, restless legs syndrome, resistant sleep onset insomnia, bruxism,
rhythmic movement disorder

Abbreviations: ADHD, attention deficit/hyperactivity disorder; NDDs, neurodevelopmental disabilities.
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older children and adults, its production and secretion begin
in the evening and peak during the night between 2:00 and
4:00 AM; its production and release are inhibited by light.
There is now a greater understanding that low doses (0.5 mg)
can be effective for some children, with diminishing benefit
with doses exceeding 6 mg and, unlike traditional hypnotics
such as chloral hydrate and the benzodiazepines, melatonin
does not affect sleep architecture.110

Melatonin is increasingly prescribed to many children,
both with andwithout NDDs and using awide range of doses,
demonstrating efficacy in improving sleep quality, by reduc-
ing sleep-onset latency or slightly increasing total sleep time.
These effects have been observed in typically developing
childrenwith delayed sleep-phase syndrome, but theyappear
to be stronger in children with visual impairment, NDDs,
attention deficit, and ASD.111–113

A recent large clinical trial confirmed the efficacy of
melatonin in the treatment of sleep impairment in children
with NDDs, using different doses, ranging from 0.5 to 12 mg;
the main effects of melatonin were reduced sleep latency
(from 102 to 55 minutes in 12 weeks) and increased total
sleep time (40 minutes).114

Mild side effects such as headache, confusion, dizziness,
cough, and rashes have been reported with the use of
melatonin, but systematic reviews andmeta-analyses suggest
that there are no significant adverse side effects.112,113

Gabapentin
The Food and Drug Administration (FDA) approved gabapen-
tin for treatment of partial seizures in 1993. It was originally
designed as a precursor of γ-amino butyric acid (GABA) that
easily enters the blood–brain barrier, and increases brain
synaptic GABA. It has been approved for the treatment of
neuropathic pain andRLS in addition to its original purpose as
an anticonvulsant medication. However, its precise pharma-
cological mechanism in humans remains unknown.

In an open-label study in adults, gabapentin was found to
improve sleep quality in patients with primary insomnia, as it
increases slow-wave sleep and sleep efficiency; it also de-
creases WASO and spontaneous arousal.115

In a recent case series, gabapentin was found to be a safe
and a well-tolerated treatment for sleep-onset and sleep
maintenance insomnia in the majority of treated children,
including those with neurodevelopmental or neuropsychiat-
ric disorders. Overall, 78% of children showed improvement
in sleep (as reported by parents). Furthermore, this beneficial
response was noted at doses of 5 to 15 mg/kg orally at
bedtime, much less than the recommended dose to treat
epileptic seizures (40 mg/kg divided three times daily).116

Gabapentin may have the added benefit of treating also
sleepmaintenance insomnia in childrenwith NDDs, although
larger controlled trials will be needed to establish its efficacy.

Clonidine
Clonidine is a central and peripheral α-adrenergic agonist
that acts on presynaptic neurons and inhibits noradrenergic
release and transmission, approved by the FDA for the
treatment of hypertension. Clonidine received notoriety for

being prescribed as a sleep aid in children, but currently, there
are no well-controlled studies that address the effects of
clonidine in children with sleep problems.117

It is hypothesized that clonidine produces sedation via
decrease in norepinephrine via negative feedback by agonism
of the α2-adrenergic receptors at the level of the locus
coeruleus, which would increase REM sleep; there appears
to be variable effects on sleep, which are dose dependent.
Administration of low doses of clonidine (range, 0.025–0.05
mg) has little effect on sleep and can either increase or
decrease the duration of REM sleep. Atmedium-to-high doses
(range, 0.1–0.3 mg), clonidine appears to have postsynaptic
activity on the α2-adrenergic receptors, which results in
decrease of acetylcholine, which increases REM latency, stage
2 sleep, and slow-wave sleep.118

Clonidine presents the advantage of transdermal admin-
istration and the central nervous system side effects are
typically less evident with the transdermal patch. The most
commonly reported side effects of clonidine include drowsi-
ness, transient sedation, headache, dizziness, fatigue, somno-
lence, insomnia, hypotension, and bradycardia. These side
effects commonly subside or decrease variably over time and
are thought to be dose dependent.

Ingrassia Turk in a retrospective chart review found cloni-
dine to be an effective therapeutic intervention for alleviating
sleep disturbances in six children, whose ages ranged from 6
to 14 years. Dose titration began at 0.05 mg andwas gradually
titrated up to 0.1 mg at bedtime. No severe side effects were
reported.119

In a recent open label retrospective review, 19 children
with ASDwere treatedwith oral clonidine (range, 0.1–0.2mg)
30 minutes before bed-reduced sleep latency and lessened
nocturnal awakenings; this is especially important in chil-
dren with ASD who are overly aroused or mildly anxious at
bedtime.120

Moreover, Hollway et al performed a vast literature search,
and clonidine was reported to be effective in children who
experienced sleep disturbanceswith comorbid ASD and other
neurodevelopmental disorders with behavioral problems at
doses ranging from 0.05 to 0.225 mg/d.121

A small number of clonidine overdoses have been reported
with resulting fatality and there is some evidence that the
clonidine overdose may be becoming more frequent122;
however, generally, clonidine is well tolerated in children
and has been efficacious in treating pediatric insomnia.

Future trials with clonidine in children should be fully
controlled with objective measures, including PSG record-
ings, to determine its effectiveness and safety.

Clonazepam
Benzodiazepines bind to the benzodiazepine subunit of the
GABA chloride receptor complex, facilitating the action of the
inhibitory neurotransmitter GABA. Thesehypnotics have long
been the first choice treatment for insomnia in adults, but
they raise concerns about cognitive impairment, rebound
insomnia, and the potential risk for dependence. These con-
cerns and little evidence-based data availability in the pedi-
atric population, contribute to limit their use in children.
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Clonazepam is a benzodiazepine with strong anticonvul-
sant, muscle relaxant, and sedative properties.

Three uncontrolled studies of children with parasomnias
and secondary sleep disturbance showed that clonazepam
improved (1) nocturnal tongue biting, (2) REM sleep behavior
disorder, and/or (3) periodic limb movement disorder
(PLMD), with mild and tolerable side effects.123–125

In a fully controlled study of adults without NDDs, the
investigators found that clonazepam significantly im-
proved PLMD and decreased the number of nighttime
arousals.126

From the available data, clonazepam may represent a
treatment option in children with arousal disorders (para-
somnias) or PLMD/RLS, but future trials focused on objective
sleep measures and safety issues are needed.

Conclusions

Insomnia in childrenwith NDDs is muchmore prevalent than
in typically developing children, hasmultifactorial origin, and
tends to be chronic. Chronic sleep deprivation compromises
quality of life of both children and families and is associated
with poorer developmental outcome, overweight, and behav-
ioral disturbances.

In some NDDs, problematic sleep is a phenotypic charac-
teristic of a particular disorder and can be a clinical clue to the
diagnosis.

The medical approach should follow the pathway of sleep
medicine, examining medical and psychiatric contributing
factors, primary sleep disorders and maladaptive behaviors
related to sleep.

Some of the following treatment options are available:
behavioral treatment strategies trough the parents, circadian
rhythm regulation trough melatonin, and pharmacological
treatment or specific treatment in the case of obstructive
sleep apnea.

Awareness of features of sleep disorders in patients with
NDDs is fundamental for the appropriate recognition and
effective treatment of these often overlooked aspect.

Despite thewidespread use of pharmacological treatment,
the lack of well designed, controlled studies concerning the
efficacy, tolerability, dosage, and safety profile of hypnotic
medications in children raise the need of further research in
this field of sleep medicine.
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