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KEY POINTS

� Children with autism spectrum disorder (ASD) frequently have sleep problems, most
commonly insomnia.

� Sleep problems suffered by children with ASD are associated with daytime struggles.

� Parental education and behavioral interventions are effective in ameliorating the insomnia
experienced by children with ASD.

� There is growing evidence that melatonin is an effective treatment of the insomnia suffered
by children with ASD.
INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disability defined by devel-
opmental deficits in 2 domains: social interaction and communication; repetitive,
restricted patterns of interests, behavior, or activities (American Psychiatric Associa-
tion’s The Diagnostic and Statistical Manual of Mental Disorders Fifth Edition).1 The
estimated prevalence rate of ASD in the United States is now estimated to range
from 1 in 59 to 1 in 40, reflecting more than a double of prevalence between 2000
to 2002 and 2010 to 2012.2,3 ASD is thought to result from altered early brain devel-
opment and circuitry formation influenced by genetics and the prenatal environ-
ment.4,5 The disorder can be associated with genetic conditions such as Angelman
syndrome, intellectual disability, and other neuropsychiatric disorders, including epi-
lepsy, mood disorders, anxiety disorders, and attention-deficit/hyperactivity disorder
(ADHD). In approximately 20% to 30% of children, ASD becomes apparent after pre-
viously acquired skills are lost, a phenomenon known as “autistic regression.”6 The
cause of early developmental regression remains unclear, with recent research
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focusing on genetic and immunologic causes.7 The brain regions and neurotransmitter
systems thought to be involved in the development of ASD also regulate sleep and
wake.8 Sleep disturbances are one of the biggest challenges faced by youth with
ASD and often by extension, the family members taking care of them. Approximately
50% to 80% of children and adolescents diagnosed with ASD suffer sleep prob-
lems.9–14 The most common sleep problems experienced by this population include
struggles initiating and maintaining sleep, frequent and often prolonged night awaken-
ings, early morning waking, and irregular-sleep wake schedules.15 Problems initiating
andmaintaining sleep rank as one the most common concurrent clinical disorders and
are less likely to diminish with age compared with peers who do not have ASD.16,17

SUBJECTIVE AND OBJECTIVE FEATURES OF SLEEP PROBLEMS IN CHILDREN AND
ADOLESCENTS WITH AUTISM SPECTRUM DISORDER

The high rates of sleep disturbances experienced by children with ASD initially docu-
mented in relatively small studies have been confirmed in larger studies. Malow and
colleagues18 investigated the prevalence of sleep difficulties in 1518 children aged 4
to 10 years diagnosed with ASD and enrolled in the Autism Speaks Autism Treatment
Network Registry. The investigators found that 71% of the children experienced sleep
disturbances although only 30% had been diagnosed with a sleep disorder. Another
large study demonstrated that sleep problems that develop in early childhood often
persist into adolescence although the types of sleep problems typically change with
age.19 In this study of parent-reported sleep disturbances, the younger children expe-
rienced bedtime resistance, frequent awakenings, parasomnias, and sleep anxiety,
whereas the adolescents struggled with sleep onset insomnia, short sleep duration,
and daytime sleepiness.
Objectively, compared with neurotypical subjects, individuals with ASD have

abnormal sleep architecture as measured by polysomnography (PSG). Anomalies
observed include prolonged sleep latency, reduced total sleep time, lower sleep effi-
ciency, reductions in both rapid eye movement (REM) sleep and non-REM sleep, and
a lower number of REMs during REM density.20–22 A more recent study demonstrates
that even children with ASD not complaining of sleep problems experience poor
objective sleep.23 Children with ASD who experienced regression with loss of previ-
ously acquired abilities experienced more severe alterations than those with nonre-
gressed ASD.24

NEUROBIOLOGY OF AUTISM SPECTRUM DISORDER AND SLEEP

The neurobiological factors implicated in ASD and regulating sleep and wake overlap.
This intersection involves the neurotransmitters gamma-aminobutyric acid (GABA)
and serotonin as well as the neurohormone melatonin. Moreover, the disrupted sleep
architecture noted in individuals with ASD suggests neurobiological anomalies.
GABA, a central nervous system inhibitory neurotransmitter, is involved in a sleep-

promoting system with projections from the hypothalamus to the brainstem. GABA in-
hibits brainstem neurons active in arousal, which in turn facilitates sleep. Children with
ASD show a disruption of GABA interneurons with some demonstrating a mutation in
chromosome 15q, which contains GABA genes.25,26 The identification of an autism-
susceptibility region carrying GABA-related genes suggests that altered gene expres-
sion in this region could interfere in the inhibitory function of GABA resulting in hyper-
arousal and insomnia.8

Serotonin is a wake-promoting neurotransmitter, which also inhibits REM sleep.
Elevated whole blood serotonin was the first biomarker identified in patients with
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ASD. Hyperserotonemia is present in more than 25% of children with ASD and often
their first-degree relatives.27,28 ASD studies have also demonstrated genetic varia-
tions related to serotonin transport and degradation.29,30 Abnormal serotonin function
may negatively affect sleep through effects on melatonin.
Melatonin is a hormone produced by the pineal gland and is critical in regulating

sleep-wake schedules. It is suppressed by bright light and released in response to
darkness. Melatonin is synthesized from serotonin by means of the enzyme acetylser-
otonin O-methyltransferase (ASMT).
Melke and colleagues have postulated that melatonin may influence the synaptic

plasticity contributing to the ASD phenotype (2008); this is intriguing in light of the ev-
idence of abnormal melatonin regulation in ASD. Several early studies found lower
levels of melatonin in children with ASD compared with controls but recent studies
have not found such abnormalities.31–35 Variations in melatonin have been observed
in parents of children with ASD.36,37 Given low to normal levels of melatonin in individ-
uals with ASD despite elevated blood serotonin, the precursor to melatonin, attention
has turned to the gene involved in ASMT production. In fact, polymorphisms in the
ASMT gene are associated with low melatonin levels in subjects with ASD and
autistic-like traits in a general population.36,38 Genetic variation in ASMT and another
melatonin pathway enzyme, cytochrome P450 1A2 (CYP1A2), were identified in indi-
viduals with ASD and comorbid sleep onset delay.39 Differences in sleep architecture
measured by PSG provide further evidence of biological roots to many of the sleep
problems experienced by individuals with ASD.15

IMPACT OF SLEEP DISORDERS ON DAYTIME BEHAVIOR AND PARENTAL STRESS

It is now clear that poor sleep in children with ASD is associated with problematic day-
time behavior. Children with ASD and poor sleep quality experience higher rates of
aggression, self-injury, anxiety, hyperactivity, and inattention.40–43 In addition, core
symptoms of ASD such as repetitive behaviors and difficulty in social reciprocity are
increased in poorly sleeping children with ASD.44,45 Greater variation in sleep duration
and timing have been found to predict subsequent disruptive, daytime behavior.46 In
another study, sleep disturbances at baseline predicted the later development of sig-
nificant anxiety.47 Sleep disturbances in children with ASD increase parenting burden
and family stress, often directly affecting the parent’s own sleep.48,49 Addressing
sleep problems in children with ASD may improve not only the child’s daytime
behavior but also parental functioning.

ASSESSMENT

Given the high rate of sleep problems, all youth with ASD should be screened for sleep
disturbances by incorporating sleep questionnaires in the assessment process. The
Modified Simonds and Parraga Sleep Questionnaire and the Children’s Sleep Habits
Questionnaire have been validated for youth with ASD.50 A newer clinician-rated tool,
the Pediatric Sleep Clinical Global Impressions Scale, shows promise in measuring
insomnia and response to treatment in ASD.51 It is critical that the questionnaire
used screen for obstructive sleep apnea (OSA). If symptoms and signs of OSA are
discovered, the youth should be referred to a sleep specialist, as an overnight PSG
may be indicated. Although ASD in and of itself is not a risk factor for OSA, some chil-
dren with ASD have other risk factors such as obesity, hypertrophy of the adenoids
and tonsils, or craniofacial abnormalities. If restless legs syndrome (RLS) or excessive
movements while asleep are suspected, one should consider referral to a sleep
specialist while assessing for iron deficiency, given the association between this
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condition and RLS (see DelRosso and colleagues’ article, “Restless Legs Syndrome in
Children and Adolescents,” in this issue). Unusual behaviors that suggest a parasom-
nia such as sleep terrors or sleepwalking may also warrant a referral to a sleep
specialist, particularly if the behavior is potentially dangerous to the child or disturbs
the sleep of family members. Nocturnal seizures must be considered when a child
with ASD engages in unusual behavior when asleep given the increased risk of epi-
lepsy in ASD.
Insomnia will be the identified sleep problem in most of the cases. The clinician must

obtain a complete history regarding the sleep environment, what occurs at sleep
onset, and what family and child behaviors are engaged in after sustained, middle-
of-the-night awakenings. This is necessary because insomnia is so often behavioral
in origin even in ASD. Although the PSG is considered the gold standard for assessing
sleep, it is not indicated when assessing uncomplicated insomnia. Sleep diaries and
actigraphy are useful for this purpose.
A PSG is indicated when assessing for OSA, narcolepsy, and parasomnias not

improving with supportive care. The assessment of narcolepsy requires a multiple
sleep latency test following a PSG. However, these procedures are often difficult for
children with ASD to tolerate, given their tactile sensitivity and anxiety in unfamiliar
situations.
TREATMENT

The treatment of sleep problems experienced by youth with ASD is multidimensional
given the multitude of causative factors at play. Environmental and behavioral causes
are particularly relevant to insomnia. Several environmental challenges negatively
affect the sleep of any child, not just those with ASD, whereas others are more specific
to youth with ASD, including intrinsic factors, common comorbid psychiatric andmed-
ical conditions, and side effects of medicines used to treat problematic daytime be-
haviors. As demonstrated in a recent systematic review and meta-analysis,
evidence-based, behavioral interventions are feasible and efficacious in ASD.52

Behavioral Interventions

Parent education in behavioral treatments is the first-line approach to improving the
insomnia so commonly experienced by children and adolescents diagnosed with
ASD.53 The behavioral interventions to treat insomnia in children with ASD are essen-
tially the same as those used to treat other children (Table 1). The techniques aim to
correct problematic behaviors and promote good sleep habits. Positive bedtime rou-
tines and graduated extinction have been particularly helpful in combating tantrums
associated with bedtime and night awakenings in young children with ASD.54 Evi-
dence from case series reveals that sleep restriction with bedtime fading (making
bedtime gradually earlier as sleep consolidation improves) is also a powerful interven-
tion.55 A visual schedule of the bedtime routine is helpful for many children (Fig. 1).
Significant benefit comes from educating parents regarding sleep and instructing

them how to institute behavioral interventions at home. Such parent training is effec-
tive whether provided in a group format or workshop.56,57 Several randomized-
controlled trials demonstrate the efficacy of parent training in ASD.58,59 A recent sys-
tematic review of 11 studies using behavioral sleep interventions to treat sleep prob-
lems experienced by individuals with ASD and/or intellectual disability found trainings
acceptable by parents who judged them to be beneficial.60 An advantage of this model
is the individualization of treatment, because parents can pick and choose which in-
terventions may be most effective for their child and feasible in their home.
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Table 1
Behavioral interventions to treat insomnia in children with autism spectrum disorder

Behavioral Intervention Brief Description of the Intervention Areas of Impact; Special Considerations

Parent education Teaching parents the basics of childhood sleep, sleep
hygiene, how to establish consistent and sleep-
inducing bedtime, and how to implement behavioral
interventions

Sleep latency, child and family functioning; individual,
group, or workshop format

Positive bedtime routines Implementation of consistent series of activities that help
the child with transition to sleep (ie, clean up toys,
brush teeth, go potty, put pajamas on, read books, get
in bed, lights off)

Bedtime difficulties, settling problems; usually combined
with other techniques

Extinction (planned ignoring) Standard withholding rewards (such as TV) and ignoring
sleep-disruptive behavior

Settling problems; “extinction burst,” a temporary
increase in target behaviors, is common with standard
extinctionGraduated gradually increasing the time before the child

is attended

Gradual distancing (stimulus fading) Parent gradually increases the distance to the child Settling problems, night waking

Sleep restriction Reducing total sleep time to 90% of average night-time
sleep while keeping a consistent schedule. Once
behaviors improve, fade back total amount of sleep to
age-appropriate level

Bedtime disturbance, night waking

Bedtime fading Bedtime is moved to 30 min after average sleep time at
baseline. If a child falls asleep within 15–20 min of this
new bedtime for 2 consecutive nights, bedtime is
moved to 30 min earlier (fading). If the child does not
initiate sleepwithin that interval, the bedtime is moved
to 15 min later the subsequent night.

Bedtime disturbances and long sleep latency; can be
combined with response cost (remove the child from
bed if not falling asleep within the interval, keep them
awake for a specified time and then return them to
bed) and positive reinforcement

Scheduled awakening Parents wake up the child 30 min before the time he/she
usually awakens spontaneously

Night waking and night terrors

Chronotherapy Moving bedtime and rise time later and later each day
until the child is sleeping on a normal schedule

Circadian rhythm sleep-wake disorder (delayed phase
type)

(continued on next page)
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Table 1
(continued )

Behavioral Intervention Brief Description of the Intervention Areas of Impact; Special Considerations

Bed pass The child is given a special card good for one free trip out
of their room each night or one visit from a parent.
Keep the bedtime consistent but making sure the pass
is close at hand. When the child uses the pass, the card
is surrendered for the rest of the night and if they leave
the room again that night, they are walked back to
their room with no words or attention. The child can
trade unused passes for a reward at the end of the
week.

Night waking; useful for verbal and higher functioning
patients
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Fig. 1. Sample images for visual schedule. (Courtesy of Autism Treatment Network.)
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Pharmacologic Interventions

In youth with ASD experiencing sleep disturbances, pharmacologic agents are often
prescribed, especially when behavioral interventions have been ineffective. Medica-
tions are used to treat sleep initiation and/or maintenance insomnia resulting in longer
sleep duration even though there are no Food and Drug Administration (FDA)-
approved medicines for this indication in children and adolescents.61,62 In the Autism
Speaks Treatment Network Registry, medications for sleep were prescribed to 46% of
4- to 10-year-old children given a sleep diagnosis; melatonin was the most commonly
used followed by alpha-agonists such as clonidine.18
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The sleep disturbancemust be well defined with potential causes considered before
turning to medication treatment. This information and the presence or absence of co-
morbid conditions will inform the choice of medication used. Whenever possible, a
medicine that treats the sleep disturbance while also improving the coexisting condi-
tion should be chosen with low doses initiated and titrated gradually while monitoring
for side effects. This “start low and go slow” approach is important because children
with autism are often sensitive to medications and have limited ability to communicate
adverse effects.
A recent systematic review of pharmacologic treatments of sleep disorders in chil-

dren found the evidence limited primarily to melatonin with little randomized control
trial data for other drugs.63 There is now considerable evidence that melatonin is effec-
tive in treating the insomnia often suffered by children with ASD. Melatonin is consid-
ered a nutritional supplement and is not regulated by the FDA. As a result, melatonin is
readily available over the counter and relatively inexpensive. Related to sleep, mela-
tonin has hypnotic and chronobiotic properties. When used solely as a chronobiotic,
melatonin should be dosed 2 to 3 hours before the dim light melatonin onset or roughly
4 to 5 hours before habitual sleep onset time. Practically, melatonin is rarely used
solely as a chronobiotic, especially for ASD. Instead, clinical trials of melatonin in
ASD have dosed melatonin close to bedtime. Typically, melatonin is used as a hypno-
tic given about 30 to 45 minutes before desired sleep onset time.
In 2011, Rossignol and Frye published a systematic review and meta-analysis of 5

randomized, double-blind, placebo-controlled, crossover trials using melatonin to
treat the insomnia experienced by children with ASD. This analysis demonstrated sig-
nificant improvements in sleep-onset latency and sleep duration with melatonin treat-
ment although night awakenings did not improve.64 No significant adverse events
were reported in these 5 trials. Following this initial evidence of efficacy, several ran-
domized controlled trials (RCTs) have since been completed.
Amultisite trial across England andWales using immediate releasemelatonin (half-life

of 40minutes) demonstrated improvement in the sleep onset latency of subjects treated
with melatonin compared with controls.65 However, waking times became earlier with
melatonin, negating an impact on sleep duration. As a result, the investigators recom-
mended future trials of slow release melatonin. Cortesi and colleagues66 studied 160
children with ASD, aged 4 to 10 years, struggling with sleep onset and sleep mainte-
nance insomnia, randomly assigning them to 1 of 4 arms: combination of controlled-
release melatonin, 3 mg, and cognitive behavioral therapy (CBT); controlled-release
melatonin, 3 mg, alone; 4 sessions of CBT alone; or placebo drug treatment alone.
The main outcome measures for this 12-week trial included actigraphically derived
sleep latency, total sleep time, and number of awakenings, and wake after sleep onset.
All active treatment groups improved, and the controlled release melatonin formulation
was well tolerated with no adverse effects reported or observed.
A more recent study used pediatric-appropriate, prolonged-release melatonin formu-

lated as easily swallowed, minitablets (PedPRM67; a total of 95 subjects completed the
13-week double-blind phase). Doses of PedPRMwere from 2 to 5mg/d. At the comple-
tion of 13 weeks, per sleep diaries completed by caregivers, children taking PedPRM
slept on average 57.5minutes longer comparedwith 9.4 minutes longer sleep in the pla-
cebogroup (P5 .034).Sleep latencyalso improvedsignificantly (P5 .011) in thePedPRM
group (decreased 39.6minutes on average comparedwith a decrease of 12.5minutes in
participants treatedwith placebo). Thesedifferenceswere significant as early as3weeks
into the controlled trial. Children with and without comorbid ADHD benefited similarly to
PedPRM. Headache and somnolence were more commonly reported in the PedPRM
group. Daytime externalizing behaviors improved with melatonin treatment as did
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caregivers’ quality of life.68 Compliancewith theminitablet was excellent with no need to
dissolve or crush the formulation. ThisRCTwas followedby a 39-week, open-label study
in which subjects took either 2 mg, 5 mg, or 10 mg doses of PedPRM.69 The benefits of
PedPRMobserved in theRCTpersisted,with themost commonsideeffect being fatigue.
After 2 years of treatment with PedPRM, no detrimental effects on children’s growth or
pubertal development was found, and themedicinewas able to be discontinuedwithout
safety or withdrawal issues.70

Given these recent studies, melatonin is now considered a first-line treatment when
a pharmacologic agent is deemed necessary. Melatonin is effective in improving
insomnia and is well tolerated with limited side effects.
Althoughminimal data support their use,medicines beyondmelatoninmay be consid-

ered in the treatment of insomnia, particularly when safety is an issue. Children with
insomnia comorbid with irritability, aggression, or self-injurious behavior may benefit
from treatment with second-generation antipsychotics. Risperidone and aripiprazole
are FDA approved for treating aggression and severe irritability in children and adoles-
centswithASD.Dosing thesemedicines in theeveningorat leastgivingmosta twicedaily
dose at nightmay treat the insomnia and disruptive daytime behaviors. Insomnia associ-
ated with a comorbid anxiety disorder or major depressive disorder may improve with
treatment with a serotonin reuptake inhibitor. Alpha-agonists such as clonidine may be
an optionwhen there is comorbid ADHDor Tourette syndrome. A recent practical review
of this issue suggested sedating antidepressants such as trazodone and mirtazapine as
options while noting studies of safety and efficacy are needed.71

When patients with ASD have certain sleep disorders beyond insomnia, other med-
icines are options. Clonazepam and tricyclic antidepressants may be effective treat-
ments of non-REM arousal disorders such as sleep terrors and sleep walking,
although their use should be limited to situations where injury is a possibility. REM
sleep behavior disorder may also respond to clonazepam. There are no FDA-
approved medicines for pediatric RLS but this condition can be treated with dopami-
nergic agents, gabapentin, or clonidine. Given the association between iron deficiency
and RLS, ferritin levels should be determined with iron supplementation prescribed if
indicated. See Vijayabharathi Ekambaram and Judith Owens’ article, “Medications
Used for Pediatric Insomnia,” in this issue.

SUMMARY

Youth diagnosed with ASD experience more sleep problems than their peers whether
or not the peers have intellectual developmental disabilities. Although the most com-
mon sleep problem experienced by patients with ASD is insomnia, other sleep distur-
bances can also occur. Given the high prevalence of sleep problems and disorders in
this population, all youth with ASD should be screened for sleep problems. Polysom-
nography is not indicated to assess uncomplicated insomnia but may be indicated
when assessing unusual behaviors while sleeping, excessive movements in sleep,
symptoms and signs that suggest OSA, and persistent daytime sleepiness. Behavioral
treatments including parent training are effective in ASD. There is growing evidence for
the utility of melatonin when treating insomnia refractory to behavioral interventions.
There are no FDA-approved medicines to treat pediatric insomnia.

CLINICS CARE POINTS
� Most of the youth diagnosed with ASD experience significant sleep problems.
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Johnson & Zarrinnegar208
� Nighttime sleeping difficulties negatively affect daytime behavior and are associated with
parental stress.

� All youth diagnosed with ASD should be screened for sleep problems and disorders.

� Behavioral interventions and parent training are the first line of treatment.

� Melatonin is the first-line pharmacologic agent to address insomnia in ASD, as its efficacy has
been documented in multiple clinical trials.
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