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Abstract Autism spectrum disorders (ASD) are com-
mon neurodevelopmental conditions, affecting 1 in 68
children. Sleep disturbance, particularly insomnia, is
very common in children diagnosed with ASD, with
evidence supporting overlapping neurobiological and
genetic underpinnings. Disturbed sleep exacerbates core
and related ASD symptoms and has a substantial neg-
ative impact on the entire family. Treatment of sleep
disturbance holds promise for ameliorating many of the
challenging behavioral symptoms that children with
ASD and their families face. Behavioral and pharmaco-
logical studies indicate promising approaches to
treating sleep disturbances in this population. Aware-
ness of treatment options is particularly important as
parents and clinicians may believe that sleep distur-
bance is part of autism and refractory to therapy. In
addition, autism symptoms refractory to treatment with
conventional psychiatric medications may improve
when sleep is addressed. Additional evidence-based
studies are needed, including those that address the
underlying biology of this condition.
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Introduction

Autism spectrum disorders (ASD), whose core features are
impairments in social communication and the presence of
restricted and repetitive behaviors [1], are common with a
prevalence of 1 in 68 children [2]. In children with ASD,
approximately 50–80 % have disturbed sleep, primarily
related to sleep onset or sleep maintenance insomnia
[3–5]. This high prevalence is in contrast to 11–37 % in
children of typical development [6, 7]. While the relation-
ship of sleep disturbance to challenging daytime behaviors
(e.g., attention deficit hyperactivity disorder symptom-
atology) has been established in typically developing
children [8], those with ASD may be even more vulner-
able to the detrimental effects of sleep disruption on
daytime behavior given their neurodevelopmental condi-
tion. Sleep problems in children with ASD have been
associated with more internalizing and externalizing be-
havior problems and poorer adaptive skill development
[9]. In our work, poor sleepers with ASD (defined by
parent report, polysomnography, and actigraphy) had
more inattention, hyperactivity, and restricted/repetitive
behaviors [10].

In this review, we evaluate the current literature related to
sleep problems in children with ASD and their treatment, with
reference to the biological mechanisms underlying expression
of both of these neurological conditions.

Causes and Categories of Sleep Problems in Individuals
with ASD

Sleep problems in ASD have a broad differential, and are
often multifactorial. Table 1 provides an overview of the
different causes, as well as the categories. In this section,
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we discuss first the broad causes of sleep problems in
ASD. We then discuss the categories of sleep problems
in this population, including insomnia, circadian rhythm
disorders, sleep disordered breathing, sleep-related move-
ment disorders, and parasomnias.

Causes of Sleep Problems in ASD

While there is natural overlap among these causes, it is
helpful to consider sleep problems in ASD as being
neurobiological, medical, or behavioral in origin. The
neurobiological causes can be thought of as relating to
genetic or neurotransmitter abnormalities shared by
sleep and autism (e.g., abnormalities in the melatonin
pathway) and are discussed in the subsequent section
BOverlapping Mechanisms between Sleep and ASD^.
The medical causes include a variety of conditions
common in ASD, including epilepsy and gastrointesti-
nal disturbances that disrupt sleep. Psychiatric condi-
tions, including depression, anxiety, and attention def-
icit hyperactivity disorder, which are also more com-
mon in ASD, can be included with these causes, al-
though we acknowledge they have clear neurobiologi-
cal underpinnings. Medications used to treat medical
and psychiatric conditions can also be included with
these causes, as many of these medications (e.g., flu-
oxetine) tend to be stimulating and disrupt sleep. Fi-
nally, the behavioral category includes behaviors that
are related to the ASD phenotype, such as resistance
transitioning from daytime activities to nighttime activ-
ities, difficulty understanding what is expected at bed-
time, and preferences for using electronic devices
(which inhibit sleep).

Categories of Sleep Problems in ASD

Insomnia—Parent Report and Objective Measures

Insomnia, defined as difficulty falling asleep or staying asleep,
is the most common sleep problem reported by parents in
studies employing questionnaire data [4, 11]. While the liter-
ature has focused on children with ASD, reports in adults have
found similar findings [12]. Only a few studies have looked at
objective polysomnographic or actigraphic data to evaluate
the sleep of individuals with ASD. For the most part, these
studies have confirmed parent report, although there have
been some discrepancies, which may reflect differences in
methodology related to collection of data, or clinical hetero-
geneity in the sample studied. Souders et al. found that the
prevalence of sleep problems by actigraphy was comparable
to that of parent report [5]. Malow et al., examining
polysomnography results, found longer sleep latencies and
lower sleep efficiency in children with ASD who were report-
ed by their parents to be Bpoor sleepers^ compared to the
Bgood sleepers,^ these results were comparable to children
of typical development without sleep problems [13]. Allik
et al. also found concordance between actigraphy and parent
report in children with ASD [14].

In contrast, Wiggs and Stores [15] did not find any
actigraphic differences in children with ASDwith and without
parent-reported sleep problems. However, when they pooled
the data and compared them to a control group of typically
developing children whose actigraphy data was available in a
database, they did find some notable differences. The children
with ASD often fell asleep later, woke up more during the
night, and awakened either very early or very late [15].

Rapid Eye Movement Differences

The amount of time spent in rapid eye movement (REM) sleep
has also received attention, especially given the role of REM
sleep in memory consolidation [16]. As noted above, few
studies have performed polysomnography in ASD. Buckley
et al. conducted a one-night polysomnographic study and
compared PSG data between children with ASD, develop-
mental delay, and typical development. Their study found that,
as compared to typically developing children, those with ASD
had a lower percentage of REM sleep [17].

Conversely, Malow et al. found no significant difference in
REM sleep in children with ASD versus typically developing
children on night two of polysomnography [13]. Another
study evaluating adults with high functioning ASD also found
no difference in REM sleep versus controls [18]. It is possible
that the Buckley et al. finding of decreased REM sleep fol-
lowing only one-night of polysomnography was confounded
by sleep being more disrupted on the first night of a
laboratory-based study as many children with ASD have

Table 1 Causes and categories of sleep problems common in children
with ASD

Causes of sleep problems

–Neurobiological

–Medical, including psychiatric and medications

–Behavioral

Categories of sleep problems

–Insomnia

–Sleep disordered breathing

–Sleep-related movement disorders

–Parasomnias

-Sleepwalking, sleep terrors, confusional arousals

-Nightmares

-REM sleep behavior disorder

-Bruxism
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difficulty sleeping in an unfamiliar environment. However, a
subsequent study from this group evaluating the first night
effect in children with ASD found no difference between
PSG recordings measured on night one compared to night
two [17]. Further study of REM sleep in ASD appears
warranted.

Circadian Rhythm Disorders

It is difficult to differentiate whether delayed sleep is due to
insomnia, or a delayed sleep phase circadian rhythm disorder
(or potentially both disorders) as circadian rhythm disorders in
children with ASD often do not fit traditional ICSD3 diagnos-
tic criteria [19]. For example, a child may have delayed sleep
onset but also wake early and have multiple wakings through-
out the night. These features are atypical for classic delayed
sleep phase disorder which is characterized by delayed wake
time and normal sleep continuity. Social cues, to which chil-
dren with ASDmay be less attuned because of their decreased
awareness of social cues, are important synchronizers of cir-
cadian rhythms. Children with ASD have been postulated to
be vulnerable to circadian rhythm disturbances (see review by
[20]) [20]. Distinguishing between circadian factors and in-
somnia can be quite challenging, especially given the biolog-
ical and environmental factors that contribute to both
disorders.

Another challenge is related to sleep duration. Importantly,
there are no finite amounts of sleep that are considered ideal
for individuals with ASD. While guidelines have been
established for children with typical development [21, 22], it
is still unclear whether children with ASD require more, less,
or similar amounts of sleep compared to typically developing
peers. In fact, what are considered adequate sleep durations in
children with ASD is an important area of controversy. Many
studies have indicated that children with ASD on average
sleep less during the night compared to children of typical
development. The largest prospective, longitudinal study to
date indicates that total sleep duration in children with ASD
is reduced compared to typically developing peers from
30 months of age, persisting into adolescence [23]. However,
the fact that these children slept less does not give any indica-
tion into what should be considered an adequate amount of
sleep, which likely varies from child to child.

Sleep Disordered Breathing

Whether or not children with ASD are more prone to sleep
disordered breathing (SDB) is unclear. One study found no
polysomnographic differences in sleep apnea indices for indi-
viduals with or without autism [18] and another study identi-
fied sleep apnea in only 1 of 21 children with ASD [13],
comparable with prevalence rates in general pediatrics of 1–
5 % [24].

However, even if SDB is equally common in children with
ASD than in those of typical development, children with ASD
may still stand to benefit from improvement in their sleep
patterns. This is an area where more research is warranted,
especially given evidence of improvements in behavior and
quality of life when SDB is treated in children of typical de-
velopment [25]. Malow et al. [13] observed that for the child
with ASD who also had SDB, symptoms of social communi-
cation, attention, and repetitive behaviors improved after
adenotonsillectomy [13]. However, we have also encountered
in our clinical experience children with ASD whose problem-
atic behaviors (e.g., irritability, aggression) worsened after
adenotonsillectomy, likely reflecting removal of the sedating
effects of SDB.

Sleep-Related Movement Disorders

Movement disorders during sleep relevant to ASD include the
following: rhythmic movement disorder and restless legs syn-
drome (RLS) along with periodic limb movements in sleep
(PLMS) and periodic limbmovement disorder [19]. Rhythmic
movement disorder is characterized by repetitive movements
of the extremities, trunk, or head that often occurs during the
transition from wake to sleep [26]. These sleep-related move-
ments may resemble self-stimulatory behaviors during wake-
fulness, and there is likely overlap among these behaviors.
The differential diagnosis for sleep-related movement disor-
ders (SRMDs) includes epileptic seizures. Clinicians observ-
ing these events may also confuse them with psychogenic
events.

RLS is characterized by an uncomfortable feeling in the
legs which is worse at night or when lying down, and relieved
by movement. A related condition, periodic limb movements
in sleep, is characterized by repetitive movements of the ex-
tremities during sleep. Periodic limb movement disorder,
which is rarer than periodic limb movements in sleep, is char-
acterized by these movements but has accompanying sequel-
ae, such as sleepiness during the day.

RLS is already difficult to diagnose in children of typical
development who have great difficulties in describing their
symptoms [27]. This diagnostic complexity is compounded
when one is trying to diagnose these conditions in a child with
ASD and communication challenges. In our experience, even
a highly verbal child will often have difficulty trying to
communicate an Buncomfortable feeling^. We are depen-
dent on observant parents and astute physicians to un-
ravel exactly what the child is experiencing and how
their symptoms are manifesting, and to combine other
supportive data to assist with the diagnosis, such as
behavioral observations, as well as family history, low
normal ferritin levels (<50 ng/ml), and periodic limb
movements on an overnight PSG [28].
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Parasomnias

Parasomnias are undesired events that happen during sleep.
Events encompass sleep walking, sleep terrors, confusional
arousals, nightmares, REM sleep behavior disorder, and brux-
ism [19]. Several studies have found that parasomnias may be
more common in children with ASD versus controls [29–31].
In fact, parental questionnaires have a very high positive pre-
dictive value in diagnosing parasomnias in children [30]. One
of the shortcomings of parent questionnaires in diagnosing
parasomnias is that night wakings related to insomnia may
not be easily differentiated from parasomnias. Therefore, it
is important to follow-up questionnaire findings with a thor-
ough sleep history that assesses the level of consciousness and
responsiveness of the child during a night waking. REM sleep
behavior disorder was reported to be common in ASD in one
case series [32], although the REM sleep without atonia that
characterizes REM sleep behavior disorder was not noted in
other PSG studies in ASD [13, 17, 18].

Overlapping Mechanisms Between Sleep and ASD

In this section, we will review genetic and biological mecha-
nisms implicated in sleep traits, and in the sleep disorders that
are most commonly observed in individuals with ASD. Fur-
ther, we compare these with the mechanisms that have also
been implicated in risk for ASD. Evidence suggests strong
genetic susceptibility factors underlying ASD. The sibling re-
currence risk is estimated at 45–90 times greater than the pop-
ulation risk. Current estimates from twin studies indicate 58–
60 % of monozygotic twins are concordant for the full syn-
drome and 50–90 % are concordant for related social or cog-
nitive abnormalities [33, 34]. Interestingly, the known biolog-
ical functions for recurrently implicated ASD candidate genes
suggest involvement of shared molecular pathways with sleep
regulation.

Biology andGenetics of Sleep and Sleep Disorders Related
to ASD

Normal Sleep

The molecular genetics of sleep timing as a function of circa-
dian rhythm oscillations is well established [35] and will not
be discussed outside of the relevance to ASD. The involve-
ment of the circadian system in ASD was first proposed in
2002, when it was suggested that anomalies in genes operat-
ing as Btiming^ genes in this high frequency oscillator system
may underlie the timing and social deficits that are fundamen-
tal to ASD [36]. Significant allelic associations with ASD
have been detected for variation in the PER1 andNPAS2 genes
[37], which are involved in regulation of the circadian system.

Since these initial studies, numerous overlapping biologi-
cal mechanisms involved in sleep regulation and ASD have
been identified. Multiple neurotransmitters including seroto-
nin, dopamine, norepinephrine, and gamma-aminobutyric ac-
id (GABA) are involved in homeostatic regulation of sleep
[38] and implicated in the etiology of ASD [39–41]. The do-
pamine transporter has been implicated in regulation of sleep
homeostasis [42], with recent work showing that the presence
of a de novomutation in the dopamine transporter geneDAT1,
identified in one child with ASD, causes hyperactive behavior
in model organisms [43]. Furthermore, some of the most con-
sistently replicated genes harboring common variants related
to ASD include the SLC6A4 gene encoding the serotonin
transporter and the GABRB3 gene encoding a ligand-gated
gamma-aminobutyric acid receptor [44]. The involvement of
these neurotransmitter systems in expression of specific sleep
disorders is detailed further below.

Insomnia

Basic science studies have implicated effects on risk for in-
somnia from numerous molecular mechanisms that overlap
with mechanisms predicted to contribute to risk for ASD
(Table 2). In addition, the current heritability estimates for
insomnia range between 21–64 %, evidence that genetic fac-
tors are involved [53]. For example, the GABAergic system
has been strongly implicated in ASD and insomnia. The
GABAergic system is critical to cortical development, sug-
gesting that the neurodevelopmental defects observed in
ASD may be partially attributed to abnormalities in the
GABAergic system [54]. A region of chromosome 15 at the
GABRB3 locus, 15q11-13, was observed to have recurrent
copy number variations in a substantial proportion of individ-
uals with ASD [46, 55], and variations in the GABA-Rγ3
gene were also found to be associated with ASD risk [46]. A
mutation in the gene encoding the GABA-A beta 3 subunit
was identified in patients with chronic insomnia, supporting
the hypothesis that a decrease in GABAergic inhibition may
contribute to insomnia [45]. In addition, functional proton
magnetic resonance spectroscopy data has indicated that chil-
dren with ASD have lower levels of GABA in multiple corti-
cal regions compared to typically developing children. Re-
gions include the frontal lobes [56], auditory cortex [57],
and other motor and auditory regions of interest [41]. Similar
findings reporting globally reduced levels of GABA in the
brain were observed in individuals with chronic insomnia
[58, 59], further support for a biological connection between
insomnia and ASD.

Serotonin is another neurotransmitter involved in both
ASD and sleep. Evidence supporting an involvement of the
serotonergic signaling system in ASD includes increased
levels of whole-blood serotonin [60], altered serotonin synthe-
sis [61], variation in the serotonin transporter gene (SLC6A4)
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[48], and variation in the monoamine oxidase A gene (MAOA)
which is responsible for serotonin degradation [62]. Serotonin
is thought to be involved in promoting wakefulness and
inhibiting REM sleep [63]. More recently, a connection be-
tween genetic variation in the serotonin transporter and insom-
nia was identified [47].

Serotonin is also a precursor for melatonin. Melatonin is
synthesized in the pineal gland and its secretion is observed to
have sedative effects that contribute to sleep onset [64]. Mel-
atonin is also involved in many functional processes other
than regulating the sleep-wake cycle in humans, including
neurodevelopment [65]. Interestingly, the most consistent re-
sults reporting abnormal circadian rhythms in ASD concern
the melatonin synthesis pathway [66]. Dysregulation of
the melatonin pathway has been observed in some indi-
viduals with ASD, compared to normally developing
controls. These individuals have exhibited lower levels
o f t h e m a j o r m e t a b o l i t e o f m e l a t o n i n , 6 -
sulfoxymelatonin [67], and decreased nocturnal [68,
69] and daytime [70] blood melatonin levels. However,
a more recent report documented normal overnight
blood melatonin profiles in children with ASD and
sleep onset delay responsive to supplemental melatonin
[95]. Variation in numerous melatonin pathway genes
has been predicted to increase risk for ASD. These in-
clude the gene encoding the rate-limiting melatonin
pathway enzyme responsible for N-acetylation of seroto-
nin, arylalkylamine (AANAT) [49, 50], and the gene
encoding the enzyme which subsequently converts sero-
t on i n t o me l a t on in [ 71 ] , ace t y l s e ro t on i n O-
methyltransferase (ASMT) [70, 72, 73]. Melatonin is
primarily metabolized by the liver enzyme, cytochrome
P450 1A2 (CYP1A2) [74]. A potential relationship has
also been implicated between presence of predicted
slow-metabolizing alleles in CYP1A2 and susceptibility
to ASD with comorbid sleep problems [75, 76]. In par-
ticular, we observed that expression of insomnia in
ASD, and response to supplemental melatonin treatment,
is potentially related to dysfunctional variation in both
of these melatonin pathway genes. A mechanism was
implicated connecting lower levels of ASMT transcript

production with reduced CYP1A2 metabolic activity in
children with ASD and comorbid sleep onset delay [76];
the net result may be normal nocturnal blood melatonin
levels in these children.

Sleep-Related Movement Disorders

Restless leg syndrome (RLS) is a movement disorder having
strong evidence for contributions from genetic factors [77].
Furthermore, it is well-established that there is a connection
between iron and RLS, and more recently, a connection
between dopamine and RLS has been indicated [28, 78].
Brain iron levels have been observed to be lower in
individuals with RLS compared to controls [79]. Inter-
estingly, iron deficiency and iron deficiency anemia
have been observed to be more common in children
with global developmental delay and/or ASD than in
the general population [80]. A connection between low
serum ferritin and sleep disturbance in children with
ASD was also suggested based on a treatment trial
showing that for a majority of children with ASD and
restless sleep, iron therapy was effective at improving
sleep [81].

In addition, neuropathological studies of patients with
RLS have shown significant decreases in dopamine
(DA) D2 receptors in the putamen. This tissue-specific
decrease in dopamine receptors was also shown to be
correlated with severity of RLS symptoms [51]. An ab-
normally activated dopaminergic system was also ob-
served in both in vivo and in vitro models of iron
insufficiency suggesting that for some RLS patients,
there may be a connection between iron and dopamine
that is central to the pathophysiology [28, 82].
Disrupted DA function is implicated in a number of
neuropsychiatric disorders, including ASD, and it is
thought that alterations in DA homeostasis may confer
risk for ASD and related neuropsychiatric conditions.
Specifically, the gene encoding the DAD2 receptors
(DRD2) has been implicated in a number of behavioral
disorders (Table 2) [52].

Table 2 Overview of sleep disorders having overlapping mechanisms
with ASD. Listed for each sleep disorder are the implicated biological
mechanisms that are also thought to be involved in ASD. If there are

specific genes that have been identified for both disorders, these are
included with corresponding references

Sleep disorder Biological mechanism Gene

Insomnia GABAergic inhibition GABA3 Buhr et al. [45], Shao et al. [46]

Serotonergic transmission SLC6A4 Deuschle et al. [47], Prasad et al. [48]

Melatonergic system AANAT Wang et al. [49], Hu et al. [50]

Sleep-related movement disorders Dopaminergic transmission DRD2 Connor et al. [51], Comings et al. [52]

Iron metabolism No specific shared risk genes
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Treating Sleep Problems in Individuals with Autism
Spectrum Disorders

Given the high prevalence of ASD and of dysregulated sleep
in children with ASD, the need for effective treatments is
critical for the health and well-being of the child and family.
Furthermore, disrupted sleep may exacerbate core impair-
ments of ASD.

Many of the behaviors that are associated with ASD (e.g.,
hypersensitivity to environmental stimuli, repetitive behaviors
and/or thoughts, difficulty understanding social and/or com-
munication cues) likely contribute to a child with ASD also
having disturbed sleep. Therefore, implementing sleep educa-
tion and behavioral strategies should be the first-line treatment
for sleep problems in children with ASD once other medical
and psychiatric issues have been addressed.

A practice pathway [83] emphasized that pharmaceutical
interventions should be considered only after treatment with
behavioral strategies is either unsuccessful, or when the strate-
gies are not possible to implement without the short-term aid of
a medication. Prior to use of pharmaceutical agents for treat-
ment of a sleep disturbance in a child with ASD, it is also very
important to conduct a thorough sleep history and comprehen-
sively address all possible comorbid medical and psychiatric
conditions. Many conditions that are associated with ASD
(e.g., ADHD, obsessive compulsive disorder, depression,
biopolar disorder, epilepsy) are known to affect sleep [84].

In addition, many medications that are prescribed to treat
ASD symptoms and comorbid psychiatric conditions also af-
fect sleep; some of the most commonly reported adverse
events are insomnia or hypersomnolence [85]. For example,
atypical antipsychotics have been evaluated and approved for
treating aggressive or self-injurious behavior, severe mood
swings, tantrums, and irritability in individuals with ASD. A
commonly prescribed, and well-studied, atypical antipsychot-
ic in ASD is risperidone [86]. The primary action of this mol-
ecule is serotonin 5-HT2 receptor blockade. It is also a potent
dopamine D2 receptor antagonist [87]. One of the most com-
monly reported side effects for treatment with risperidone is
daytime sleepiness; insomnia may also occur. In addition, un-
controlled weight gain may contribute to sleep apnea [88].
Selective serotonin reuptake inhibitors (SSRIs) are also often
used for treating repetitive behaviors in ASD, and are known
to regulate peripheral and central nervous system serotonin
levels [89]. SSRI use has also been shown to have negative
effects on sleep including insomnia [90].

Behavioral Sleep Interventions

Behavioral approaches to improving sleep start with proper
bedtime practices, referred to as sleep hygiene. Proper sleep
hygiene is composed of activities that make it easier to fall
asleep and stay asleep. This includes having a cool, dark

environment for sleep and eliminating caffeine ingestion. A
soothing, Bwind-down^ routine before bed often helps relax
the body and prepare for bed [91].

It is important to note that what might be relaxing for one
child and therefore part of their Bwind-down^ routine, might
actually be activating for another child. For example, one
child might relax and calm down when placed in a warm bath.
Another child, however, may be stimulated by bath time.
Therefore, each child’s bedtime routine should be individual-
ized with activities that are calming and promote sleep for that
particular child.

The use of electronic devices before bed should be discour-
aged if at all possible. Electronic devices such as televisions,
cell phones, and video gaming devices emit background light.
The light emitted from such devices suppresses endogenous
melatonin production, which is critical for sleep initiation.
Furthermore, the content provided by videos and other de-
vices is often stimulating. It should be noted that in our expe-
rience, some children find that playing a game on a parent’s
phone or watching a video is actually calming before bed. In
such cases, the brightness on the screen of the device should
be adjusted so that the minimal amount of background light
that is necessary for viewing is emitted.

Pharmacological and Other Interventions

Insomnia

Melatonin supplementation is an emerging approach to
treating comorbid insomnia in children with ASD. This treat-
ment strategy has been shown to be effective at improving
sleep initiation with minimal reports of adverse events
[92–96]. Melatonin is primarily used as a sedative at low
doses (1 to 3 mgs) given approximately 30 min prior to bed-
time. However, exogenous melatonin supplementation has al-
so been observed to effectively treat circadian rhythm sleep
disorders (i.e., abnormal sleep timing). In this case, melatonin
is given at specific time-points based on the goal of shifting or
advancing the timing of sleep onset (e.g., 3–5 h before bed-
time for delayed sleep onset). Given that the half-life of mel-
atonin is rather short (<1 h), it is less effective for night wak-
ings [97]; controlled-release melatonin preparations are some-
times effective for night wakings [98].

When behavioral therapies and melatonin are ineffective,
additional pharmacologic treatment may be considered. A few
psychotropic medications have been evaluated for treating
insomnia in children with ASD in retrospective, or small
open-label trials [83]. These include clonidine [99],
mirtazapine [100], and gabapentin [101]. Risperidone was
also shown in another study to improve sleep-onset latency,
but not sleep duration [102]; however, the side effects and
other sleep-related health risks mentioned previously that re-
late to risperidone treatment indicate this medication should
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not be recommended solely for insomnia. Some medications
that are prescribed to treat coexisting neurological conditions
in children with ASD have sedating effects that promote sleep.
When possible, it may be beneficial to choose a medication for
the coexisting condition that will concurrently assist with
sleep onset and maintenance [84]. For example, in a child with
ASD and comorbid epilepsy, treatment with a sedating anti-
epileptic medication may also promote sleep maintenance in
children with ASD.

Sleep Disordered Breathing

The majority of non-behavioral treatments for pediatric
SDB include medical devices and surgical interventions.
The surgical and first-line treatment of choice for pedi-
atric OSA is usually adenotonsillectomy [103, 104].
Some children require continuous positive airway pres-
sure (CPAP) or additional surgical procedures after
adenotonsillectomy, particularly obese children and
those with underlying medical conditions such as cra-
niofacial anomalies [105]. For instance, children with
syndromic ASD may be at higher risk for requiring
further treatment following an adenotonsillectomy.

CPAP delivered via a nasal interface is the most
common non-surgical therapy for pediatric OSAs in typ-
ically developing children. However, poor adherence can
be a significant limitation of this treatment [106]. This
may be particularly relevant in children with ASD given
their sensory sensitivities [107]. There may, however, be
opportunities through desensitization strategies to treat
these children [108]. Effective methods of desensitiza-
tion in children with ASD and developmental delay are
still relatively unknown and an area for future work.

Other treatment options include rapid maxillary ex-
pansion [109], weight loss [110], and positional therapy
[111]. Medication management for OSA includes nasal
corticosteroids, leukotriene antagonists, and possibly a
combination of the two [112–114]. However, medica-
tions should not be the primary treatment for OSA,
especially in children with ASD as all of the current
evidence for these treatments is limited and exclusively
in children with typical development [115]. Effective
pharmacological treatment options for OSA in children
with ASD are an area requiring further research.

Sleep-Related Movement Disorders

It is well-known that PLMS have been related to low serum
ferritin. Further discussion of this relationship was provided in
the previous section on overlapping mechanisms. Iron defi-
ciency may be more relevant in the ASD population due to
often observed dietary restrictions [116]. While it is still not
clear whether children with ASD have lower serum ferritin

compared with typically developing peers, children with low-
er endogenous serum ferritin levels may benefit from iron
supplementation [117].

It should be noted that use of certain medications, like
SSRIs, can also provoke periodic limb movements, potential-
ly leading to sleep fragmentation [118]. In addition, there are a
variety of SRMDs that a child with ASDmaymanifest includ-
ing tics and periodic limbmovements related to treatment with
atypical antipsychotics.

Rhythmic movement disorder is challenging to treat with
medications but in our experience, may respond to the propri-
oceptive input provided by a soft helmet. This helmet also
serves to protect the head from injury.

Parasomnias

Treatments are mostly limited to benzodiazepines and
tricyclic antidepressants [119, 120]. It is important to
recognize that a primary diagnosis is key to effectively
treating parasomnias. Parasomnias often present as night
wakings in children with ASD. In our work, we have
observed that when a child with ASD has been diag-
nosed with a true parasomnia, clonazepam is effective,
but in children with other types of night wakings, it is
less effective. To accurately diagnose a parasomnia, it
can be very helpful to review home videos, and when
appropriate perform a sleep study with extended EEG,
particularly if seizures are a concern.

Conclusions

The combined research in sleep and ASD highlights the
intrinsic complexity of these neurological disorders.
While challenging to identify unifying themes and es-
tablish reliable genotype-phenotype relationships, there
has been substantial progress in understanding the biol-
ogy underlying both sleep and ASD. To understand how
these findings contribute to disease processes and to
identify more effective treatments for sleep disturbances
in children with ASD, further functional characterization
of the overlap across many shared underlying genetic
and biological mechanisms is necessary.
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