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Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by abnormalities
in social communication/interaction and restrictive, repetitive patterns of behavior. ASD is a rela-
tively common psychiatric disorder, with a prevalence of approximately 1.7% in children. Al-
though many children and adolescents with ASD visit the hospital for medical help for emotional
and behavioral problems such as mood instability and self-harming behavior, there are also many
visits for sleep disturbances such as insomnia and sleep resistance. Sleep disturbances are likely
to increase fatigue and daytime sleepiness, impaired concentration, negatively impact on daytime
functioning, and pose challenges in controlling anger and aggressive behavior. Sleep disturbance
in children and adolescents with ASD negatively affects the quality of life, nothing to say the
quality of life of their families and school members. In this review, sleep disturbances that are
common in children and adolescents with ASD and adolescents are presented. The developmental
and behavioral impacts of sleep disturbances in ASD were also considered. Finally, non-pharma-
cological and pharmacological treatments for sleep disturbances in children and adolescents with

ASD and adolescents are reviewed.
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Introduction

Autism spectrum disorder (ASD) is a common neurodevelop-
mental disorder with a prevalence of approximately 1.7% in the
general population. ASD is a disease with abnormalities in two do-
mains: social communication/interaction and restrictive, repetitive
patterns of behavior [1]. ASD is a multi-genetic disorder with a
strong genetic tendency, occurring about four times more in men
than in women, which is postulated to be related to a female pro-
tective effect [2].

Many ASD symptoms begin early in life and persist throughout
life. Typical ASD symptoms include internalizing problems such

as anxiety, depression, somatization, and externalizing problems

such as rule-breaking, aggression, self-harm, hyperactivity, impul-
sivity, and core deficits. These ASD symptoms have a significant
negative impact on the quality of life, and that of their families and
school members. Therefore, ASD has a significant impact on pub-
lic health and education systems [3].

Sleep is an important physiological phenomenon for typical syn-
aptic development and brain maturation, and children with sleep
disturbances are vulnerable to emotional and cognitive develop-
ment [4]. In particular, rapid eye movement sleep disturbance is
associated with neural maturation and organization difficulties in
children with ASD [5]. Sleep disturbances of children and adoles-
cents with ASD are necessary to recognize and treat actively as

they persist for along time, and can change the sleeping patterns of
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parents and siblings sharing the same living space [6].
The causes, impact on daytime activity, evaluation, and treat-
ment of sleep disturbance in children and adolescents with ASD

were reviewed.

Are sleep disturbances common in
children and adolescents with autism
spectrum disorder?

Sleep disturbance in children and adolescents with ASD is the
most agonizing symptom for parents and one of the primary rea-
sons for seeking psychiatric assistance [ 7]. Commonly, the preva-
lence of sleep disturbance in children and adolescents with ASD is
approximately 60% to 86%, which is 2 to 3 times that of typically
developed children [8]. Their sleep disturbances are not related to
the level of cognitive and language development.

There are many different types of sleep disturbances. Difficulty
in sleep onset and maintenance, decreased total sleep time (TST),
frequent night waking, bedtime resistance, excessive daytime
sleepiness, and behavioral insomnia in childhood are common [9-
11]. In studies using actigraphy and polysomnography, children
with ASD reported shorter sleep time, longer sleep latency (SL),
and decreased sleep efficiency (SE) compared with typically devel-
oped children [12].

Does sleep disturbance affect behavior
and emotional regulation, and daytime
functioning in children and adolescents
with autism spectrum disorder?

There is growing interest in the relationship between sleep distur-
bance and daytime problem behavior in children and adolescents
with ASD [9,10]. Sleep disturbance in children and adolescents
with ASD negatively affects daytime functioning, including behav-
ioral control, learning function and memory, and leads to increased
stress levels in their family members [9,13]. Poor sleep has been
linked to increase internalizing and externalizing problems, includ-
ing tantrums, oppositional behavior, physical aggression, irritabili-
ty, self-injury, depression, anxiety, mood variability, inattention,
and hyperactivity [9,14-16].

The effect on internalizing and externalizing problems varies de-
pending on the degree and type of sleep disturbances. Adams et al.
[16] reported that externalizing and overall problem behaviors
were highly correlated with the severity of sleep problems, but not
with internalizing behaviors. Meanwhile, Sikora et al. [ 15] suggest-
ed that both severe internalizing and externalizing problems were
related only to moderate to severe sleep disturbance. In a study of
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40 male children with ASD (aged 5-12 years), there was a positive
relationship between the severity of ASD symptoms and problem
behavior in patients with no or mild sleep disturbance, while there
was no significant relationship between the severity of ASD symp-
toms and problem behavior in patients with moderate-to-severe
sleep disturbance [ 17]. In a polysomnography study of 21 children
with ASD, Malow et al. [ 18] reported that poor sleepers had more
affective and social problems, and Goldman et al. [19] reported
that sleep fragmentation was correlated with restricted and repeti-
tive behavior. In addition, aggression, self-injury, and tantrum can
be predicted when there is a night-to-night variation in sleep onset
time and sleep duration [20].

However, the effect of the type or severity of sleep disturbances
on the severity of core symptoms, externalization, and internaliza-

tion symptoms of ASD is still unclear, and further studies are need-
ed to address this issue.

Causes of sleep disturbance in children
and adolescents with autism spectrum
disorder

The causes of sleep disturbance in children and adolescents with
ASD have not been clearly identified. Sleep disturbance is correlat-
ed with biological, psychological, and social/environmental fac-
tors. Abnormalities in melatonin synthesis, hypersensitivity to en-
vironmental stimuli, behavioral insomnia in childhood, delayed
sleep phase syndrome, rapid eye movement sleep behavior disor-
der, and accompanying neurological and psychiatric disorders
such as anxiety, depression, and epilepsy are considered as the
main causes. Additionally, neurophysiological and neurochemical
abnormalities, abnormal timing of melatonin secretion, comorbid
medical conditions and current medications, core ASD symptoms,
child-rearing practices, and family stress have been suggested as
causes of sleep disturbance [13]. Sleep disturbance becomes ap-
parent by the underlying biological and behavioral rhythm prob-
lems, which are triggered by internal and external stress [21-23].

In this section, environmental and behavioral problems, arousal
and sensory dysregulation, circadian-relevant gene abnormalities,
melatonin rhythm, peak and receptor site abnormalities, and co-
morbid psychiatric disorders, which are the main causes of sleep
disturbance in children and adolescents with ASD, are reviewed.

1. Environmental and behavior problems

Learned behaviors are suggested to be one of the most common
causes of delayed sleep onset and night waking. Many children and
adolescents with ASD have a delayed sleep onset and difficulty fall-

ing asleep due to increased screen time in video games, mobile
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games, and others [24]. In a study on the association between bed-
room media access and sleep disturbance in 49 pediatric patients
with ASD, it was reported that media-related variables were associ-
ated with sleep disturbance in children with ASD [25]. Sleep in
children has a bidirectional relationship with parent sleep. It is im-
portant to evaluate the parents’ sleep problems, mental health, and
parental stress together when evaluating a child’s sleep disturbance
[26]. Parents who are vulnerable to stress, and anxious or de-
pressed parents are more likely to create a negative environment
for children’s sleep [27]. Maternal autism traits and anxiety, lower
family income, and lower paternal education were also related to
their sleep disturbances [26]. Lower family income creates a nega-
tive socioeconomic environment for children with ASD, exposing

them to more disruptive sleep conditions, which can worsen sleep

quality.

2. Arousal and sensory dysregulation in insomnia

There is increasing evidence that sleep disturbance in children and
adolescents with ASD is related to arousal dysregulation and sen-
sory hyper-reactivity and that a calming strategy is needed to im-
prove their sleep. Increased cognitive activity, such as having con-
siderable thoughts and worries in bed, makes it difficult to initiate
sleep [28]. Physiological arousal is also associated with insomnia.
Patients with insomnia have high levels of sympathetic activity,
which results in high levels of heart rate, body temperature, and
heart rate variability, and is related to high levels of norepinephrine
(NE) activity [29,30].

The hyper-arousal response in some children with ASD is relat-
ed to dysfunction of the locus coeruleus (LC)-NE system. When
LC is in phasic mode, individuals generally respond to sensory
stimuli and perform appropriate tasks through focused attention.
However, when the NE release state in the LC becomes a high ton-
ic state, it cannot respond appropriately to the stimulus and be-
comes a hyper-arousal state [31]. Children with ASD in this state
have inattentiveness, impulsivity, hyperactivity, anxiety, panic, and
sleep disturbance. Additionally, children with ASD experience a
“hyper-arousal state” associated with abnormal interactions be-
tween the two systems, sympathetic hyper-arousal or parasympa-
thetic hypo-arousal, which is associated with anxiety, fear, worry,
and insomnia due to sensitivity to environmental stimuli [21].

Hypersensitivity to certain sensory stimuli is also associated
with sleep disorders in children and adolescents with ASD. In a
study of 27 children aged 6 to 12 years with ASD and 27 typically
developed children, children with ASD had more atypical sensory
behaviors and sleep disturbances than typically developed children
[32]. Children with ASD overreact to certain stimuli as they have a
low sensory threshold, and this is related to difficulty initiating or
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maintaining sleep [33].

3. Circadian relevant gene abnormality

Some researchers suggest that clock genes such as human PERI
(hPERI), hPER2, and hPER3, and clock gene-gene interaction
may affect not only human sleep but also human social communi-
cation and brain development [34]. Genes related to synaptic ho-
meostasis are involved in synaptic development and pruning, as
well as mechanisms involved in sleep-wake control [35]. A recent
study reported that acetylserotonin O-methyltransferase and varia-
tion in cytochrome P450 1A2 in ASD are related to sleep distur-
bance [36].

4. Melatonin rhythm, peak, and receptor site abnormalities
Melatonin is synthesized in the pineal gland and regulated by MT-
NRIA and MTNRIB receptors in the suprachiasmatic nucleus and
is involved in the initiation and maintenance of sleep, regulation of
seasonal cycles, and immune function [37]. Melatonin is closely
related to circadian rhythm, and circadian misalignment is related
to abnormal melatonin synthesis, altered melatonin secretion pat-
terns, circadian clock gene anomalies [38].

Insomnia in children with ASD is suggested to be related to ab-
normal melatonin levels [39]. Abnormal production, increased
breakdown, and receptor site abnormalities of melatonin induce an
increase in SL and night wakening. Patients with ASD have low
levels of melatonin and low urine, serum, or plasma levels of mela-
tonin metabolite, urinary 6-sulfatoxymelatonin [22,40,41]. In
ASD children with sleep disturbance, low melatonin levels appear
to be related to mutations in genes related to the melatonin synthe-

sis pathway.

5. Comorbid psychiatric disorders

Children with ASD are more likely to have attention deficit hyper-
activity disorder (ADHD) and anxiety disorders, which are con-
sidered high-arousal disorders [42,43]. In a study comparing the
mean electrodermal activity (EDA) and electrodermal reaction
frequency of two groups by anxiety level (low and high), the mean
EDA for the high anxiety group was significantly lower than that of
the control and low anxiety groups, suggesting an abnormality in
sympathetic activity in children with ASD [44].

Comorbid medical disorders such as epilepsy, asthma, allergies,
gastroesophageal reflux diseases (GERDs), and psychiatric disor-
ders such as anxiety, depression, bipolar disorder, psychosis, and
ADHD can negatively affect sleep in children and adolescents with
ASD [1,26]. Additionally, intellectual disability, sensory integra-
tion deficits, ritualistic or self-injurious behaviors, poor communi-
cation skills, and limited responsiveness to social cues can interfere
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with sleep training and can exacerbate sleep disturbance.

Evaluation of sleep disturbance

The evaluation of children and adolescents with ASD with sleep
disturbance should include sleep-related history taking, evaluation
of sleep environment, and comorbidities. Sleep environment eval-
uation includes household noise, noise between floors, parental
working hours, bedtime routines, and history of comorbid medical
conditions that might disrupt sleep, such as GERD, seizures, asth-
ma, allergies, eczema, or enuresis [1].

Sleep questionnaires are often used to evaluate sleep disturbanc-
es in children with ASD. They can evaluate sleep disturbance rela-
tively objectively, are easy to apply, and do not require much time,
money, and expertise [45].

The Children’s Sleep Habits Questionnaire (CSHQ) consists of
a three-point Likert scale that allows parents to develop behavioral
and physiological sleep disorders in school-age children. CSHQ is
a screening tool to measure overall sleep characteristics and distur-
bances in children, including bedtime resistance, sleep onset delay,
sleep anxiety, night waking, parasomnia, sleep-disordered breath-
ing, and daytime sleepiness [46]. It comprises 27 questions in
eight domains, sleep resistance (six questions), sleep onset delay
(one question), amount of sleep (three questions), sleep anxiety
(four questions), wakefulness after sleep onset (three questions),
parasomnia (seven questions), sleep breathing disorder (three
questions), and daytime sleepiness (eight questions).

The Aberrant Behavior Checklist can evaluate the severity of
problem behaviors: irritability, agitation, and crying, lethargy, so-
cial withdrawal, stereotypic behavior, hyperactivity, noncompli-
ance, inappropriate speech, and sleep problems in children with
developmental delay [47].

Some children with ASD with restless sleep and night waking
may require laboratory tests, such as ferritin levels, to evaluate iron
stores [48].

Management and treatment

1. Non-pharmacological management

Environmental and behavioral strategies are needed to control
sleep disturbances in children and adolescents with ASD. Parents
need to create a bedroom environment and form bedtime routines
to calm down their children. Although these environmental and
behavioral strategies are not easy to set up, they can positively alter
sleep in children with ASD if performed consistently [49]. The
sleep tool kit (STK), developed by the Sleep Committee of the Au-
tism Treatment Network, is a tailored behavioral intervention tool

278

for children and adolescents with insomnia [49]. STK recom-
mends three methods: visual scheduling of positive evening behav-
iors, a supplemental calming module to lower arousal levels, and a
faded bedtime protocol to go to bed when sleepy. Supplementary
calming modules include breathing techniques, muscle relaxation
techniques, yoga, massage, mindfulness exercises, and warm baths,
which help to control arousal and anxiety in children with ASD
[49]. Considering the developmental characteristics of children
with ASD, unmodified and graduated extinction, positive routines,
and bedtime fading are more effective in children under 5 years of
age; however, cognitive-behavioral therapy (CBT) is more benefi-
cial in older children and adolescents [ S0].

Parent-based sleep education (PSE) has been introduced and
used to solve sleep problems in children with ASD and adoles-
cents. PSE is a four-page pamphlet designed to help children with
sleep disturbances and is available at www.autismspeaks.org. PSE
includes creating a stable sleep environment, regular sleep habits
and lifestyle, educating a child to sleep alone, avoiding naps, and fa-
cilitating daytime activities. However, the positive effects of PSE
on sleep have not yet been demonstrated. A randomized study of
36 children (aged 210 years) with SL of 30 minutes into two
groups reported that the pamphlet-based education group (n=19)
did not significantly improve SL compared with the group that did
not (n=17) [14]. In a study using actigraphy and CSHQ on the
effect of individual training and group training for 80 children with
ASD aged 2 to 10 years, the difference in outcome according to the
mode of education was not significant [49].

Weighted blankets are heavy blankets used commercially to re-
duce anxiety and insomnia, and some parents with ASD prefer to
use weighted blankets for their children. The National Autistic So-
ciety also notes that some children may benefit from sleep with a
weighted blanket. However, weighted blankets did not have a sig-
nificantly positive effect on sleep in children and adolescents with
ASD. In a 10-month randomized, placebo-controlled crossover
study of 73 children and adolescents with ASD (aged 5-16 years),
the difference in TST and SL between the group using weighted
blankets and the group using control blankets was not significant
[51].

Sound-to-sleep (STS) mattresses are manufactured in such a
way that specific sounds and vibrations are implanted in the mat-
tress. The use of STS mattress technology can reduce bedtime re-
sistance by allowing children to feel their favorite sounds and vibra-
tions in bed. In a study of 4S children with ASD (aged 2.5-12.9
years), sleep duration and sleep efficiency were improved after 2
weeks of STS mattress use, although there was no significant de-
crease in SL [52].
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2. Pharmacological management

To date, no medication has been approved for the treatment of in-
somnia in children with ASD so far in Korea that is the same as in
the United States. When using medications to solve sleep distur-
bance in children with ASD, it should be initiated with small doses
and the side effects of medications should be considered [53].
Some medications used in clinical settings to control sleep distur-
bance in children with ASD have been introduced.

Melatonin is one of the most commonly used drugs to control
sleep problems in children and adolescents with ASD. Melatonin is
known to have a positive effect on reducing SL, lowering sleep re-
sistance, and increasing TST. In 125 children and adolescents
(aged 2-17.5 years) with ASD who had sleep disturbance lasting
more than 3 months and did not affect behavioral therapy for 4
weeks, TST was increased by 57.5 minutes, and SL was decreased
by 39.6 minutes when 2 to 5 mg of melatonin mini-tablets were ad-
ministered for 13 weeks [ 54]. In a study of 160 children with ASD
(aged 4-10 years), 3 mg of melatonin was also helpful in lowering
insomnia symptoms and bedtime resistance [55]. In a meta-analy-
sis of 35 studies including five randomized double-blind and place-
bo-controlled studies, melatonin increase TST by 73 minutes and
decrease SL by 66 minutes from baseline [56]. Some children have
reported nightmares when using melatonin. However, the side ef-
fects of melatonin are uncommon and mild.

Alpha-adrenergic agents (clonidine) and antihistamines (di-
phenhydramine) are also used to ameliorate prolonged sleep onset
and frequent night-waking, although research evidence is weak
[57].

Low-dose quetiapine is used to improve sleep disturbance and
control problem behaviors such as aggression and irritability in
children with ASD. In an 8-week open-label study of 18 patients
(aged 13-17 years), quetiapine significantly improved their aggres-
sion and sleep disturbance [58]. However, special caution is re-
quired as atypical antipsychotics, including quetiapine, may cause
restless legs syndrome in cytochrome P450 slow metabolizers.

The H1-receptor antagonist, niaprazine, is a safe drug that has

been used in children and adolescents with ASD and insomnia.

Conclusion

Sleep disturbances in children and adolescents with ASD are fre-
quent and can negatively affect their lives and developmental pro-
cesses, and the life and emotional well-being of their families. Sleep
disturbance has a significant negative impact on their daytime
functioning and harms the quality of life of children and adoles-
cents with ASD and their families by exacerbating externalizing
and internalizing problem behaviors. Therefore, we must recog-
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nize sleep disturbances early and manage them actively. Sleep dis-
turbances in children and adolescents with ASD may be caused by
environmental problems, sensory hyper-arousal, circadian gene ab-
normalities, melatonin system abnormalities, and accompanying
psychiatric disorders. Detailed history taking is required to evalu-
ate sleep disturbance, and a sleep questionnaire can be used as an
adjunct. To treat sleep disturbance in children and adolescents
with ASD, non-pharmacological management, such as environ-
mental control and CBT, should be prioritized. Medications
should be started only if necessary with low doses, and side effects
should be closely monitored. The importance of sleep disturbance
in ASD must be recognized and the quality of life of patients and
their families must be ensured through early and active interven-
tions. Additionally, ongoing research on the causes of sleep distur-
bance and effective treatment methods is anticipated to continue
in children and adolescents with ASD.
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