®

Check for
updates

Treating Sleep Disturbances
in Children with Developmental

Disorders

22

Anjalee Galion, Monika Mathur,
Thomas Megerian, and Christopher B. Min

Abstract

The treatment of sleep disturbances in chil-
dren with developmental disorders requires a
stepwise approach to understanding the nature
of the sleep disturbance, the unique character-
istics of underlying neurodevelopmental dis-
order (NDD), and familial and environmental
factors that contribute to the child’s disordered
sleep. The aim of this chapter is to provide the
reader with an understanding of the types of
sleep disturbances associated with some of the
most common neurodevelopmental disorders,
as well as best practices for evaluation and
treatment. The chapter presents autism spec-
trum disorders (ASDs) in depth and briefly
examines sleep disorders that occur in chil-
dren with other NDDs (many of which often
overlap with ASD). This chapter highlights
the ways that common mental health and med-
ical comorbidities associated with ASDs and
NDDs contribute to disordered sleep. The text
provides an overview of evidence-based prac-
tices for evaluating and treating sleep distur-
bances in this population of children and
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reviews the pharmacological approaches that
can be considered when nonpharmacological
interventions fail. Finally, the authors provide
clinical pearls gleaned from decades of com-
bined experience in working with children
with concomitant neurodevelopmental and
sleep disorders.
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Introduction

Difficulties with sleep onset and maintenance are
experienced by 33% of toddlers and preschoolers
and up to 80% of children with autism spectrum
disorder (ASD) (Gail Williams et al., 2004)
These challenges negatively affect the child as
well as family members. Children with poor-
quality sleep may display increased aggressive
behaviors, anxiety, and developmental regres-
sion. The nature of these sleep difficulties varies
across developmental stages. Typically, younger
children may have sleep anxiety, bedtime resis-
tance, difficulties with falling asleep in their own
beds, nighttime awakenings, and early morning
awakenings. Adolescents may exhibit poor sleep
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hygiene, anxiety related to sleep difficulties, cir-
cadian rhythm difficulties (generally delayed
sleep phase), and daytime sleepiness (Goldman
etal., 2012).

The vulnerability of patients with ASD to
sleep difficulties is not surprising. Children with
ASD often have difficulties with emotional regu-
lation and anxiety, contributing to difficulties
with initiating sleep and returning to sleep after
nocturnal awakenings. These children may rely
on certain stimuli (e.g., rocking) to fall asleep and
return to sleep. Bedtime refusal behaviors may
also be pronounced. Due to comorbid conditions
such as anxiety and obsessive compulsive disor-
der (OCD), children with autism may take selec-
tive serotonin reuptake inhibitors (SSRI), which
are known to affect the rapid eye movement
(REM) stage of sleep. In some cases, treatment
with SSRIs induces aggressive and violent motor
dream enactment (Kotagal & Broomall, 2012).
These alterations in the quality and quantity of
sleep often lead to insufficient sleep and daytime
sleepiness.

One challenge in the diagnosis and manage-
ment of sleep issues in this population is the dif-
ferentiation of night wakings associated with
ASD from those associated with behavioral
insomnia of childhood. Because of the complex-
ity of these issues, the sleep specialist is a valu-
able member of the medical home team, with
additional specialty training beyond that offered
in residency and the capacity to translate recent
advances in the field of sleep medicine into prac-
tice and clinical results. In this chapter, four sleep
specialists review sleep disturbances that are
common among children with ASD, with a focus
on night wakings.

Sleep Disturbances in Children
with ASD

In children with ASD, it may be difficult to dif-
ferentiate night wakings from the behavioral
insomnia of childhood. As defined by the
International Classification of Sleep Disorders,
third edition (ICSD -3), which is the official text-
book of the American Academy of Sleep

Medicine (AASM), insomnia in young children
is “often the result of inappropriate sleep associa-
tions or inadequate limit setting” (p. 24).
Specifically, if a child is dependent on a specific
stimulus, such as being held or nursing, to initiate
sleep, then sleep onset may be significantly
delayed in the absence of said stimulus. In the
case of limit-setting issues, stalling at bedtime or
“bedtime refusal” occurs when a parent or care-
giver has few or no limits that are inconsistently
or unpredictably applied. Poorly set limits can
lead to prolonged nocturnal awakenings.

The sleep problems observed in children with
ASD are diverse in presentation and severity.
Some studies note that particular subpopulations
of children with ASD may be more prone to sleep
problems than others. Giannotti et al. found that
children with regressive ASD show significantly
longer sleep latency, more difficulties with sleep
maintenance, and more sleep disorders than chil-
dren with nonregressive ASD (Giannotti et al.,
2011). Others have found links between ASD
symptom severity and sleep problems (Cortesi
et al., 2010; Mayes & Calhoun, 2009; Polimeni
et al., 2005). In a similar vein, ASD symptom
severity and sleep problems may have a bidirec-
tional relationship (Adams et al., 2014). Others
suggest that sleep difficulties in children with
ASD occur independently of ASD symptom
severity (Gunes et al., 2019). Other studies spec-
ulate that ASD symptom severity may have a
negative relationship with sleep problems, as
children with Asperger disorder (i.e., less severe
symptoms of ASD) had more severe sleep distur-
bance than children with ASD (Polimeni et al.,
2005). To serve the patient best, the clinician
should evaluate each child independently of such
assumptions and explore ASD symptom severity
in addition to other mental health factors.

Which features of ASD contribute most pow-
erfully to difficulties with sleep? Sleep onset dif-
ficulties may especially be increased by
hypersensitivity, particularly at bedtime, when
lights are dim and sensitivity to touch and sound
is heightened (Mazurek & Petroski, 2015;
Tzischinsky et al., 2018). As children are in a
supine position for sleep, their skin comes into
increased contact with bedtime materials, such as
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blankets and bedtime clothing, exacerbating
issues with sleep onset in a child with hypersen-
sitivity to touch (Tzischinsky et al., 2018).

Children with ASD are also at higher risk of
developing comorbid mental health disorders
than typically developing counterparts (Simonoff
et al., 2008; Smalley et al., 2007). Researchers
have reported particularly high rates of anxiety
and depression in those with ASD (Joshi et al.,
2010). These mental health issues are commonly
associated with sleep problems (American
Psychiatric Association, 2013; Giannotti et al.,
2011). It can be difficult to parse out which facet
of a child’s psychosocial profile is affecting sleep
the most: concomitant mental health symptoms,
parenting issues/behavioral mismanagement of
the child’s sleep patterns and routines, or chal-
lenges related to ASD itself. An awareness of
common mental health symptoms that present in
children with ASD may help the clinician to navi-
gate treatment. It is therefore important to con-
sider as many psychosocial factors as possible
when assessing sleep problems in a child with
ASD. The following sections detail some of the
more common mental health symptoms related to
ASD as well as issues common to ASD that may
affect sleep.

Sleep Disturbances in Children
with Internalizing Disorders

Studies consistently show that children with ASD
are at increased risk for internalizing disorders,
which include mood disorders, anxiety disorders,
and trauma and stress-related disorders (Simonoff
et al., 2008). Internalizing disorders are associ-
ated with sleep problems in children with ASD
(Reynolds et al., 2017; Thomas et al., 2015) The
following sections examine specific internalizing
disorders and how they impact sleep in children
with ASD.

Anxiety

Several studies also show that children with ASD
tend to have higher levels of anxiety than typi-
cally developing children, and anxiety is related
to poor sleep in children with ASD (Hollway

et al.,, 2013; Mazurek & Petroski, 2015).
Individuals with anxiety disorders often experi-
ence prolonged sleep onset latency (American
Psychiatric Association, 2013). For children with
ASD, nighttime can be a particularly anxiety-
provoking part of daily living. At night, children
have little to distract them from their thoughts as
they lay in bed, which may lead to rumination on
anxious thoughts and subsequent difficulty with
sleep onset or maintenance. Fear of the dark, an
upcoming test, or an impending new routine/
experience the following day are all examples of
things that might cause anxiety for a child. These
fears and worries may be exacerbated in a child
with ASD who tends to perseverate on their
thoughts, particularly if the child’s source of anx-
iety and rigid/repetitive interests converge (e.g.,
an adolescent with ASD who has an intense inter-
est in his train collection and is anxious about a
younger cousin coming to visit the following day
who will want to play with his trains). The com-
bination of anxiety and ASD in children seems to
have a particularly strong influence on sleep.

Mood Disorders
Studies consistently link mood disorders and sleep
problems in children with ASD (Malow et al.,
2006; Richdale et al., 2014) For example, children
with ASD who exhibit good sleep patterns display
fewer mood issues than do those with poor sleep
(Malow et al., 2006; Richdale et al., 2014).
Adolescents with ASD have significantly
depressed mood and increased pre-sleep arousal,
compared to typically developing adolescents
(Richdale et al., 2014). In major depressive disor-
der, insomnia or hypersomnia is listed as one of
the nine primary symptoms (American Psychiatric
Association, 2013). From a psychopathology per-
spective, sleep and mood disorders may have a
reciprocal relationship (Dahl, 1995). Some sug-
gest that, in children, sleep problems are more
closely associated with depression than with anxi-
ety (Gregory et al., 2006). Others suggest that the
association between sleep problems and depres-
sion strengthens as children reach adolescence
(Gregory & O’Connor, 2002).

Children with ASD who have mood disorders
may have difficulty with sleep onset due to rumi-



402

A. Galion et al.

nation about various stressors in their lives. It has
been the observation of this writer that children
with ASD often tend to present with comorbid
anxiety at an earlier age, and as they develop into
adolescence, the longstanding nature of their
anxiety and lack of relief from chronic worry
dampens their mood, leading often to depression.
Moreover, this writer has observed that as chil-
dren with ASD develop into adolescence, they
become more cognizant of their social skills defi-
cits and (oftentimes) resulting lack of peer rela-
tionships, further contributing to mood difficulties
(MGM).

Sleep Disturbances in Children
with Externalizing Disorders

Externalizing disorders involve difficulties with
self-control and behavioral regulation, such as
attention-deficit/hyperactivity disorder (ADHD)
and/or delinquent and aggressive behaviors
(Mayes & Calhoun, 2009; Smalley et al., 2007).
The impact of externalizing problems on sleep
can be profound, particularly during times of day
that are close to sleep onset.

Attention-Deficit Hyperactivity

Disorder

ADHD, which is defined by the Diagnostic
and Statistical Manual of Mental Disorders
(DSM-5) as “a persistent pattern of inattention
and/or hyperactivity-impulsivity that interferes
with functioning or development” (American
Psychiatric Association, 2013, p. 59), is observed
in 75% of children with ASD (Devnani & Hegde,
2015; Mayes & Calhoun, 2009; Smalley et al.,
2007). Although sleep problems are not directly
listed as a symptom of ADHD, difficulties with
regulation can make bedtime routines and sleep
onset difficult. Children who struggle with poor
working memory may often find it difficult to
adhere to the steps involved in a bedtime rou-
tine such as taking a bath, changing clothes, and
brushing teeth. Moreover, children with ADHD
may become easily distracted during bedtime
routines, resulting in delayed sleep and decreased
total sleep time. Hyperactivity may also play a

part at bedtime as children with ADHD may
struggle to regulate their bodies and lay still to
bring on asleep (Sung et al., 2008). Executive
function difficulties appear to persist across the
trajectory of development for individuals with
ASD (Demetriou et al., 2018).

Insufficient sleep in children with ASD may
be the primary reason behind inattention and dif-
ficulty with regulation (Cremone-Caira et al.,
2019; Gunes et al., 2019). One possible mecha-
nism by which ADHD impacts sleep in children
with ASD may involve co-occurring internalizing
problems (Jensen et al., 1997) As previously
noted, children with ASD are at increased risk for
internalizing disorders such as anxiety and
depression (Simonoff et al., 2008).

Although the relationship between multiple
mental health disorders, sleep, and ASD in chil-
dren is complex, it does appear that there is a
cumulative effect of psychiatric symptoms on
sleep problems in children with ASD (Chen et al.,
2015).

Night Wakings in ASD

and Developmental Disabilities (DD)
Roughly 65% of parents of children with ASD
report sleep problems, including insomnia, diffi-
culty falling asleep, bedtime resistance, pro-
longed night wakings, and short sleep duration.
Children with ASD often have prolonged night
wakings (1-3 hours), with a return to sleep in the
early morning hours. These night wakings are
strongly associated with problematic daytime
behaviors, presenting a challenge when the child
has to wake up for daily activities at a scheduled
time.

As early as 1999, Diomedi et al. reported an
increased number of arousals in children with
ASD, compared to their typically developing
controls. The most common tools used to evalu-
ate night wakings include polysomnography,
sleep diaries, and parental questionnaires. The
evaluation of a child with autism and NDD
should, at the minimum, include parental inqui-
ries about the nature and duration of any night
wakings. Parents typically report a prolonged
night waking of multiple hours, during which
time it is very difficult to have the child reinitiate
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sleep. The Childhood Sleep Habits Questionnaire
(CSHQ) is one of the most widely used pediatric
sleep questionnaires (Owens et al., 2000). It has
two questions about night wakings: “Does your
child wake up once during the night?”” and “Does
your child wake up multiple times throughout the
night?” The questionnaire does not ask about the
duration of each night waking. A study by
Honomichl et al. evaluated 100 children with per-
vasive developmental disorder using the CSHQ
and sleep diaries (Honomichl et al., 2002). The
results revealed more night wakings in younger
children, compared with older children. However,
Malow et al. (2009) showed that the Family
Inventory of Sleep Habits was significantly cor-
related with the CSHQ for night wakings for
typically developing children but not in children
with ASD.

Data from parental reports may not always
match that obtained through diagnostic evalua-
tion. In 2008, Sitnick et al. found that actigraphy
had poor sensitivity for the detection of night
wakings compared to concurrent polysomnogra-
phy with video in looking at preschoolers with
ASD, preschoolers with developmental delay but
not ASD, and neuro-typical controls (Sitnick
et al., 2008). The effects of these night wakings
can be significant including negative effects on
behavior, severity of autism, inattention, irritabil-
ity, and effects on the family (Mazurek & Sohl,
2016). In 2014, Taylor et al. (2012) demonstrated
a significant negative effect of night wakings on
communication. This work fits with the findings
of Kheirouri et al. that night wakings are corre-
lated with ASD severity (Kheirouri et al., 2016).
Mazurek & Sohl, (2016) showed that night wak-
ings are significantly associated with physical
aggression.

Another challenge in the identification of
night wakings is that they may occur as part of
other sleep disturbance. Parents may not think to
differentiate them from difficulties with sleep ini-
tiation or early morning wakings. The high rate
of chronic sleep disturbance in children with
ASD may compel parents to stop differentiating
the nature of the sleep disturbances, because they

feel that these sleep issues are “normal” for their
child. Parents with this mindset are even less
likely to raise these issues during a routine health-
care visit, unless specifically questioned.

Disruptive and Aggressive Behaviors
Hyperactivity and aggression are particularly
strong predictors of sleep difficulties in children
with ASD (Mayes & Calhoun, 2009; Thomas
et al., 2015) Children with ASD who have a ten-
dency toward aggression may likely exhibit that
aggression at bedtime, causing difficulties during
the bedtime routine. While bedtime can often be
a point of contention between typically develop-
ing children and their caregivers, children with
ASD who become aggressive at bedtime have
increased risk of sleep issues. Malhi et al. found
that parent-reported daytime behavior difficulties
were associated with more sleep problems in
children with ASD and that children with ASD
exhibited more bedtime resistance compared
with typically developing children (Malhi et al.,
2019). Children with ASD are also reported to
have more variability in hours slept and less total
sleep time, compared to typically developing
children (Malhi et al., 2019).

Comorbid Conditions

The assessment of sleep disturbance in children
with ASD or other DD includes identifying
comorbid conditions that may make the child
more prone to sleep disturbance. Common co-
occurring medical conditions that impact sleep
include gastrointestinal disorders (nighttime pain
or discomfort from constipation and/or gastro-
esophageal reflux disease (GERD)), sleep apnea,
epilepsy, asthma, and concomitant neuropsychi-
atric disorders such as anxiety and depression
(Stores, 2014). In addition, medications used to
treat co-occurring disorders, such as attention
deficit disorders (ADD), seizure disorders, and
psychiatric disorders, often have side effects that
disrupt sleep (Coleman et al., 2019; Williams
Buckley et al., 2019).
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Respiratory Conditions

In the pediatric population, estimates for obstruc-
tive sleep apnea (OSA) range from 1% to 4%, but
these may even be underestimated due to trends
in pediatric obesity and the limited availability of
pediatric sleep medicine providers and access to
accredited pediatric sleep diagnostic centers
(Bixler et al., 2009; Lumeng & Chervin, 2007).
Typical symptoms include snoring, frequent noc-
turnal awakenings, restless sleep, witnessed
apneas, and a preference for sleeping in a prone
position with the mouth open and/or the neck
hyperextended. Typical daytime sequelae include
hyperactivity, difficulty with attention and focus,
irritability, and excessive daytime sleepiness.
Children may also complain of headaches.
Diagnosis requires an overnight polysomnogra-
phy study. In the case of adenotonsillar hypertro-
phy, evaluation by an otolaryngologist is
recommended. When OSA persists despite surgi-
cal intervention or when surgery is not possible,
as in the case of obese patients, continuous posi-
tive airway pressure (CPAP) is recommended.
Although adherence to CPAP can often be chal-
lenging in this patient population, a specialized
PAP desensitization program can increase the
likelihood of PAP tolerance and compliance. This
is typically achieved in a multidisciplinary set-
ting with psychologists, child life specialists, and
sleep medicine physicians who can closely moni-
tor progress with therapy.

Other respiratory conditions linked to sleep
disruption include allergic rhinitis and asthma.
Children with allergic rhinitis may snore even in
the absence of OSA. The antihistamine medica-
tions used to treat allergic rhinitis have known
sedative side effects that may lead to daytime
somnolence. Children with asthma may have
nocturnal symptoms including cough, wheezing,
and shortness of breath, which can lead to diffi-
culties with sleep maintenance.

Vision Impairment

Children that have vision impairment, particu-
larly those who are blind, often experience non—

24-hour sleep—wake rhythm disorder, a type of
circadian rhythm disturbance. Because daily reti-
nal light exposure is necessary to synchronize
circadian rhythms with the external 24-hour solar
environment, vision disturbances often impair
light entrainment of the body’s internal pace-
maker, the suprachiasmatic nucleus in the ante-
rior  hypothalamus.  Affected individuals
experience cyclical or periodic episodes of poor
sleep and daytime dysfunction, which may
severely interfere with social life and school.
Strategies for management include behavioral
modification and the use of melatonin or tasimelt-
eon, a melatonin receptor 1 and 2 agonist (Quera
Salva et al., 2017).

Epilepsy

Thirty percent of children with ASD have epi-
lepsy (Trickett et al., 2018). Seizures and interic-
tal discharges, the pathological brain activity
observed between seizures, are often activated
during sleep; some types of epilepsies occur only
at night. Frequent nocturnal seizures and/or inter-
ictal discharges will interrupt sleep and lead to
daytime sleepiness. In 33% of children with med-
ically intractable epilepsy, OSA exacerbates sei-
zure burden (St. Louis, 2011). The effective
management of OSA provides therapeutic benefit
comparable to that of adding another anti-
epileptic medication for seizure treatment. One
study found a 50% reduction in the frequency of
seizures in 50-60% of patients whose OSA was
managed effectively (Maris et al., 2016).
Recognizing and treating co-existent sleep disor-
ders in children with epilepsy may improve sei-
zure burden and quality of life. Primary sleep
disorders may even mimic epilepsy; for example,
parasomnias manifest similarly to nocturnal sei-
zures. By using video electroencephalography
(EEG) in combination with polysomnography to
localize seizures and to identify the sleep stages
affected most severely, clinicians may be able to
differentiate parasomnias from seizures. The
prevalence of periodic limb movement disorder
is noted to be as high as 47% in children with
autism, compared to 8% in neuro-typical con-
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trols. Periodic limb movement disorder was also
associated with decreased serum ferritin levels
(Youssef et al., 2013). These nocturnal move-
ments not only cause sleep fragmentation but
also make it increasingly difficult for parents to
identify seizure-like activity that is separate from
sleep-related limb movement.

Sleep deprivation is a known trigger for sei-
zures. Some children with nocturnal seizures may
experience sleep anxiety if seizures occur at night,
which can lead to an overall decreased quality of
life for the parent as well as the child. The parent
plagued with worry that their child may have a
seizure at night is likely to have difficulty sleep-
ing. Such parents may allow a co-sleeping
arrangement, which can significantly decrease the
quality and quantity of the parent’s sleep and neg-
atively impact a marriage (Larson, 2012).

Down Syndrome

Children with Down syndrome commonly report
sleep disturbance, insomnia, excessive daytime
sleepiness, parasomnias, and OSA. OSA occurs
in more than 50% of children with Down syn-
drome. In a study by Maris et al. (2016), 66.4%
of children with Down syndrome had OSA. This
high prevalence was found across age groups.
Even in those with a negative history of symp-
toms suggestive of OSA, the prevalence was
53.8%. Therefore, it is important to screen all
children with Down syndrome with polysomnog-
raphy, irrespective of age or parental reports of
symptoms of sleep-disordered breathing. In
2011, the American Academy of Pediatrics began
recommending polysomnography studies for all
children with Down syndrome by 4 years of age,
regardless of symptom history. The high preva-
lence of OSA in children with Down syndrome is
likely due to anatomic factors (macroglossia,
adenotonsillar hypertrophy, midface hypoplasia)
and comorbid conditions, including obesity,
hypothyroidism, hypotonia, and gastroesopha-
geal reflux disease (GERD). Untreated OSA can
lead to significant morbidity in patients with
Down syndrome. Children with Down syndrome
are at increased risk for cardiovascular complica-

tions (up to 56% have congenital heart disease),
which, in turn, increases risk for pulmonary
hypertension, especially in the setting of untreated
OSA (Simpson et al., 2018). Children with Down
syndrome also exhibit a wide spectrum of neuro-
developmental issues at baseline, including defi-
cits in memory, language, visual perception, and
executive function. These cognitive outcomes are
often worse in children with comorbid OSA
(Simpson et al., 2018).

Craniofacial Abnormalities

Children with certain craniofacial abnormalities
are at increased risk for OSA. Airway obstruction
may occur at different levels depending on the
specific craniofacial abnormality. Children with
craniosynostosis syndromes (e.g., Apert syn-
drome, Crouzon disease, Pfeiffer syndrome,
Saethre—Chotzen syndrome) often have abnor-
malities of the skull base and accompanying
maxillary hypoplasia, which can lead to nasopha-
ryngeal obstruction. In children with syndromes
that involve micrognathia (e.g., Treacher—Collins
syndrome, Pierre Robin syndrome, Goldenhar
syndrome), obstruction typically occurs at the
hypopharyngeal level (Chan et al., 2004). The
surgical management of OSA is typically more
complex in this population. The patient should
ideally be evaluated by a craniofacial team that
includes pediatric specialists from plastic sur-
gery, oral surgery, and otolaryngology.

Gastroesophageal Reflux Disease

The relationship between GERD and sleep dis-
turbance is likely bidirectional. GERD is associ-
ated with many sleep disturbances, including
decreased sleep duration, difficulty with falling
asleep, arousals during sleep, poor sleep quality,
and early morning wakings. Sleep deprivation
has been found to induce esophageal hyperalge-
sia to acid perfusion. GERD patients with sleep
disturbances report more severe symptoms and
poorer quality of life than those without sleep
disturbance (Fujiwara et al., 2012)
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Neuromuscular Disorders

Children with neuromuscular disorders involving
hypotonia are at increased risk for sleep-related
breathing disorders such as OSA, hypoventila-
tion, and central sleep apnea (due to diaphrag-
matic weakness). It is important to note that
sleep-disordered breathing may be observed
when muscle weakness is still mild and diurnal
respiratory dysfunction is not yet apparent. The
child may demonstrate other symptoms (exces-
sive daytime sleepiness, insomnia, poor sleep
quality, morning headaches, mood disturbance,
attention deficit, and learning difficulties).
Nocturnal symptoms such as air hunger, intermit-
tent snoring or pauses in breathing, orthopnea,
cyanosis, restlessness, and insomnia should
prompt further diagnostic studies, including
polysomnography. Children with neuromuscular
disorders are at higher risk for developing com-
plications of nocturnal hypoxemia, including
pulmonary hypertension, cor pulmonale, and
neurocognitive dysfunction (Alves et al., 2009).
While OSA may be caused by fixed (e.g., adeno-
tonsillar hypertrophy) or dynamic upper airway
abnormalities (e.g., pharyngeal wall collapse,
laryngomalacia), dynamic abnormalities are
more common in children with hypotonia
(Goldberg et al., 2005) Children with dynamic
abnormalities are less likely to respond to surgi-
cal interventions and may require other treatment
modalities, such as PAP or assisted ventilation.

Rett Syndrome

Approximately 87% of children with Rett syn-
drome have sleep problems, including daytime
napping, nighttime laughter, teeth grinding, night
screaming, and nocturnal seizures (Young et al.,
2007). Irregular breathing patterns are observed
during the day and at night, when hypoventilation
and central and obstructive apnea manifest
(Sarber et al., 2019). Polysomnography is a use-
ful tool for evaluation. Typical treatments include
adenotonsillectomy and PAP.

Angelman Syndrome

Sleep disturbances are observed in 48-70% of
children with Angelman syndrome. Common
symptoms include shorter sleep duration, longer
sleep onset latency, more frequent nocturnal
awakenings with difficulty falling back asleep,
early morning waking, limb movements during
sleep, sleep-disordered breathing, and daytime
somnolence. Approximately 80% of children
with Angelman syndrome have seizures, and, as
previously discussed, poor sleep can impact sei-
zure burden. Other common health conditions
that impact sleep in this population include sco-
liosis and obesity, as children with Angelman
syndrome may have impaired satiety and exhibit
behaviors such as taking and storing food.
Obesity increases the risk for OSA and the sever-
ity of GERD symptoms (Trickett et al., 2018).

Smith-Magenis Syndrome

It is estimated that 100% of children with Smith—
Magenis syndrome (SMS) experience sleep dis-
turbances, including decreased total sleep time,
night waking, earlier final morning wake times,
and inverted circadian rthythm. Seizures affect up
to 18% of children with SMS. Other common
comorbid health conditions that affect sleep in
this population include scoliosis, chronic otitis
media, and obesity. Many children with SMS
have sleep-disordered breathing, likely related to
obesity, but also likely due to midface hypopla-
sia, which affects over 90% of individuals with
SMS. Symptoms indicative of GERD are also
associated with sleep-disordered breathing in this
population (Trickett et al., 2018).

Tuberous Sclerosis Complex

Approximately 74% of children with tuberous
sclerosis complex (TSC) experience sleep dis-
turbances, including decreased total sleep time,
difficulties with sleep onset, and nocturnal awak-
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enings. Seizures affect up to 70% of children
with TSC, and a higher prevalence of night wak-
ing has been found in children with TSC who
experienced seizures in the last 6 months or who
had >3 seizures per night (Trickett et al., 2018).

Williams-Beuren Syndrome

Approximately 65% of children with Williams—
Beuren syndrome (WBS) exhibit sleep distur-
bances, including sleep-disordered breathing,
bedtime resistance, anxiety, frequent nocturnal
awakenings, and daytime sleepiness. These chil-
dren have lower nocturnal melatonin levels,
which can lead to circadian thythm dysfunction.
Daytime sequelae include behavioral issues and
memory problems (Santoro et al., 2016).

Prader-Willi Syndrome

Children with Prader-Willi syndrome (PWS)
are at risk for OSA and sleep-related alveo-
lar hypoventilation. The clinical features that
contribute to these conditions include hypo-
tonia, obesity, scoliosis, restrictive lung dis-
ease (and resulting alveolar hypoventilation),
narrowed upper airway, facial dysmorphism,
abnormalities of central respiratory control, and
reduced ventilatory responses to hypoxia and
hypercapnia. Central apnea is also frequently
reported. Polysomnography should be consid-
ered for patients with symptoms suggestive of
sleep-disordered breathing. The recommended
treatment options include weight loss, adeno-
tonsillectomy, and nocturnal ventilation (Nixon
& Brouillette, 2002). Children with PWS often
have hypersomnia, as indicated on multiple
sleep latency tests (MSLT), and abnormalities
in REM sleep (including sleep-onset REM peri-
ods, reduced latency to REM sleep, and reduced
intervals between REM periods). These effects
may be related to hypothalamic dysfunction. The
hypothalamus is known to regulate NREM—-REM
cycling, which has been found to be abnormal in
children with PWS (Camfferman et al., 2008).

Neoplasms of the Central Nervous
System

Children with neoplasms of the central nervous
system (CNS), especially the hypothalamus,
thalamus, and brainstem, often have frequent,
severe sleep problems. Approximately 80% of
children with CNS neoplasms in these brain
areas report excessive daytime sleepiness, and
46% have sleep-disordered breathing (Rosen &
Brand, 2011). In these children, it is important
to consider other comorbid health conditions
and treatments, including seizures, adenoton-
sillar hypertrophy, side effects of medication,
obesity, pain, anxiety, and drug use. Treatment
may include sleep hygiene, behavioral counsel-
ing, PAP therapy, ventilation, sedative hypnot-
ics, antidepressants, and/or stimulants (Rosen &
Brand, 2011).

Delayed Sleep Phase

There are also normal variants in sleep behavior
as children mature from infancy to adulthood. A
common circadian disorder in teens and young
adults is adolescent delayed sleep-phase syn-
drome. Crowley et al. established a “perfect
storm” model that describes the multi-factorial
nature of adolescent sleep behavior and includes
both the circadian changes in adolescent matura-
tion as well as psychosocial and societal pres-
sures (Crowley et al., 2018). These effects are not
well known in children with DD, who may be
even more influenced by their frequent use of
technology for both entertainment and
communication.

Sleep disturbance is common among children
with ASD or other DD. The nature of the sleep
disturbance varies. The presence of a comorbid
condition should dictate an individualized
approach to assessment and treatment. A compre-
hensive, multidisciplinary approach to evaluation
by pediatric subspecialists is often useful for the
patient and their family members, as well as for
the care team.
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Molecular Basis of Sleep
Disturbances in Children with ASD

ASD may cause abnormalities in the hypotha-
lamic—pituitary—adrenal axis, which mediates the
production of hormones and neurotransmitters,
resulting in dysregulation of the child’s circadian
rhythm (Devnani & Hegde, 2015). A regular
sleep—wake cycle requires a finely tuned balance
in levels of serotonin, GABA, and melatonin;
impaired levels of any of these hormones or neu-
rotransmitters will directly impact sleep.

Melatonin is needed to maintain and synchro-
nize the circadian rhythm. An enzyme called
N-acetyl serotonin O-methyltransferase, which
mediates the final step of melatonin synthesis,
has impaired activity in children with ASD. Blood
and urine samples from this population have low
levels of melatonin; low levels of melatonin are
associated with difficulty falling asleep and irreg-
ular sleep—wake patterns. Treatment with exoge-
nous melatonin has been shown to improve sleep
patterns in children with ASD.

GABA is secreted from the preoptic area in
the hypothalamus, which regulates the sleep—
wake cycle. The migration and maturation of
interneurons that release GABA may be affected
in autism. A region of genetic susceptibility has
been identified on chromosome 15q, which con-
tains GABA-related genes and is commonly
implicated in ASD (Goldman et al., 2012).

Polysomnography studies have identified
changes in sleep architecture that are common in
children with ASD. These include decreased time
in bed, decreased total sleep time, decreased
quantity of REM sleep, increased latency to sleep
onset, increased REM latency, and increased
waking after sleep onset. These factors reduce
sleep efficiency. Less total sleep time, lower pro-
portion of REM sleep, and increased REM
latency have been shown to correlate with
increased severity on the childhood autism rating
scale (Devnani & Hegde, 2015).

In children with ASD or other DD, sleep dis-
turbance can lead to cognitive impairment,
including difficulties with learning, memory, and
academic achievement. Sleep disturbance is also

associated with behavioral concerns such as
increased aggression, irritability, hyperactivity,
and social difficulties. The health concerns asso-
ciated with sleep disturbance in these patients
include poor appetite and impaired growth, per-
haps caused by decreased secretion of growth
hormone, which occurs during non-REM
(NREM) stage 3 sleep (Kotagal & Broomall,
2012). When children with ASD or DD have poor
sleep, their caregivers are also affected. The
effects on caregivers include increased maternal
stress, parental sleep disruption, and increased
stress levels (Kotagal & Broomall, 2012).

Interventions for the Treatment
of Sleep Disturbance

A recent Practice Guideline developed by the
American Academy of Neurology (AAN)
reviewed the literature for evidence-based treat-
ments for insomnia and disrupted sleep in chil-
dren and adolescents with ASD. The reviewers
differentiated among bedtime resistance, sleep
onset latency, sleep continuity (sleep efficiency
and night wakings), total sleep time, and daytime
behavior (Williams Buckley et al., 2020).

Behavioral management, including parent
education and training on sleep hygiene and
modification of a child/adolescent’s behaviors
are the most effective ways to treat sleep disor-
ders in this population. Previous studies have also
demonstrated that improving mood with tradi-
tional treatment methods such as behavioral acti-
vation can decrease sleep onset latency in
children with ASD (Brand et al., 2015).

It is incumbent on the treating clinician to
explore the presence of concomitant disorders
and/or treatment medications for those disorders
that may interfere with sleep. With the exception
of melatonin, few pharmacologic interventions
have been the subjects of high-quality Class I or
Class II studies (Malow et al., 2012; Robinson-
Shelton & Malow, 2016; Williams Buckley et al.,
2019). Before considering pharmacologic treat-
ment for sleep disorders, the following practices
should be considered:
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1. Assess for and treat medical comorbidities
that can interfere with sleep (e.g., H2-blockers
or proton pump inhibitors for GERD, CPAP
for OSA, drugs for epilepsy).

2. Assess for and manage potential medication-
induced insomnia or nighttime activation (cer-
tain antidepressants such as SSRIs can cause
activation or restless legs; stimulants for
ADHD cause prolonged latency).

3. Initiate sleep education program (e.g., sleep
toolkit, cognitive behavioral therapy, parent
training).

Behavioral Interventions

The simultaneous treatment of multiple comor-
bid symptoms may improve sleep in children
with ASD (McCrae et al., 2020). A recent study
by McCrae et al. found that cognitive behavioral
therapy for childhood insomnia (CBT-CI) can
improve sleep onset latency and decrease irrita-
bility, hyperactivity, and lethargy in children with
ASD. As CBT-CI can involve relaxation skills
and other techniques to improve not only sleep
onset but also mood and anxiety, a shotgun
approach that addresses both sleep and mental
health symptoms may be most beneficial in
improving the overall functioning of a child with
ASD.

Aerobic exercise has been shown to improve
sleep onset latency, efficiency, duration, and
inhibitory control in children with ASD (Tse
et al., 2019). Though the nature of the relation-
ships between these variables is unknown, one
might speculate that improved inhibitory control
may facilitate bedtime routines and decrease bed-
time resistance. Some sleep issues may require
specialist intervention in the form of surgery or
use of a CPAP device. To select the optimal
approach to treatment, the clinician must under-
stand the contributions of myriad medical, psy-
chiatric, environmental, and social factors. In
choosing the best treatment approach, be it edu-
cational, behavioral, or pharmacologic, it is criti-
cal to identify the type of sleep disturbance being
addressed (Stores, 2016).

Many agree that adopting a biopsychosocial
framework is best when conceptualizing and
assessing mental health disorders, sleep, and
ASD (Schreck & Richdale, 2020). Utilizing a
biopsychosocial approach will encourage a
broad-to-narrow approach, helping the clinician
to uncover not only the mental health symptoms
that might contribute to sleep problems but also
to determine how caregivers and family members
may unknowingly sustain sleep problems in their
child.

Pharmacological Interventions

In general, evidence for the efficacy of pharma-
cologic treatment of sleep disorders specifically
in children with ASD/DD is slim, often consist-
ing of small randomized controlled trials that
were short in duration, open-label trials lacking a
control group, or retrospective studies and case
series. Nearly all of the treatments to be discussed
are off-label uses of approved medications or
over-the-counter agents (Brown, 2019; Bruni
et al.,, 2019; Cuomo et al.,, 2017; Robinson-
Shelton & Malow, 2016).

Melatonin and Related Medications

Melatonin (N-actyl-5-methoxytryptamine) is a
naturally occurring neurohormone derived from
serotonin that is produced in the pineal gland. It
is released in response to low light/darkness and
plays a critical role in regulating circadian rhythm
(Esposito et al., 2020; Kennaway, 2000). It is also
noted to be an antioxidant, anti-inflammatory
compound that plays a role in early neural devel-
opment. Previous studies have shown that dys-
functional melatonin synthesis and release may
play a role in sleep disorders in children and ado-
lescents with ASD/DD (Kotagal & Broomall,
2012). However, other studies have reported nor-
mal levels of melatonin in children with concur-
rent developmental disabilities and sleep
disruption. Several high-quality studies have
demonstrated the effectiveness of short-acting
and prolonged-release melatonin in treating mul-
tiple aspects of sleep disorders, over the short as
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well as long term (Coppola et al., 2004; Gringras
et al., 2012, 2017). Doses of 0.5-12 mg given
3-60 minutes prior to bedtime have been reported
to be effective. Decreases in sleep dysfunction
are observed even in children with normal endog-
enous melatonin production (Goldman et al.,
2014; Leu, 2019). While there were initial reports
that long-term melatonin use may lead to toler-
ance, studies out to at least 4 years demonstrate
continued effectiveness. Nonetheless, some chil-
dren and adolescents may no longer experience
benefit from melatonin after a period of effective-
ness, and increased dosing does not overcome the
issue, suggesting that tolerance is not at play in
these instances (Andersen et al., 2008; Carr et al.,
2007).

Melatonin has been shown to be effective
when used alone or in combination with cogni-
tive behavioral therapy (CBT) (Cortesi et al.,
2012) Studies have also demonstrated melato-
nin’s effectiveness in treating sleep-onset latency,
sleep continuity, and total sleep time, both alone
and in combination with CBT (Cortese et al.,
2020; Cortesi et al., 2012; Cuomo et al., 2017,
Malow et al., 2012; Parker et al., 2019; Williams
Buckley et al., 2020; Wirojanan et al., 2009).

Melatonin’s effectiveness in improving sleep
appears to cross a wide range of DDs, though the
effects on various subtypes of sleep dysfunction
differ. For instance, while latency, total sleep
time, and number of night wakings improved
with melatonin in children with Angelman syn-
drome, ASD, and intellectual disability, the effec-
tiveness of melatonin in Fragile X and tuberous
sclerosis is based on improvements in latency
and sleep time, but not on decreased night wak-
ings. Moreover, studies evaluating the effective-
ness of melatonin in treating sleep dysfunction in
Rett syndrome have yielded inconsistent results,
with some evidence suggesting positive effects
on latency and sleep time (but not wakings) only
in subjects with more severe sleep dysfunction at
baseline (Leu, 2019; McArthur & Budden, 2008;
Wirojanan et al., 2009).

In summary, melatonin is the most studied
pharmacologic intervention for children with
ASD/DD, with a significant weight of evidence

favoring its use across multiple DDs for treating
specific aspects of sleep disorders. The AAN
practice guideline for Treatment for Insomnia
and Disrupted Sleep Behaviors in Children and
Adolescents with Autism Spectrum Disorder
rates the evidence for melatonin as “probably
effective” alone or in combination with CBT for
treating most types of sleep disturbances in chil-
dren with ASD (Williams Buckley et al., 2020).

Melatonin is commercially available in many
forms, including liquid, tablet, rapid-dissolve
tablets, chewables, and gummies, as well as con-
centrated liquid. There are several extended or
prolonged-release formulations available at dif-
ferent strengths, though most (if not all) appear to
require swallowing the dose whole, making them
difficult to use in children who cannot swallow
tablets. Most experts strongly recommend choos-
ing pharmaceutical-grade melatonin to ensure
consistent and reliable formulation, absorption,
and purity (Cerezo et al., 2016; Erland & Saxena,
2017)

Randomized controlled trials have shown that
the side effects of melatonin are mild. The most
commonly reported adverse events are head-
aches, dizziness, nausea, diarrhea, enuresis, rash,
daytime fatigue, and clouded thinking. Though
not common, sleep terrors and vivid dreams have
also been reported (Leu, 2019). Because melato-
nin is metabolized by CYP1A2 cytochrome
enzymes, dosing adjustments may be necessary
for use in conjunction with medications that
inhibit this enzyme (e.g., fluvoxamine, mexi-
letine, cimetidine). Conversely, melatonin can
inhibit CYP1A2 and CYP3A enzymes; adjust-
ments may need to be made for concurrently
administered medications metabolized by those
enzymes (Horn & Hansten, 2007; Leu, 2019).

Ramelteon, a melatonin-1 (MT,) receptor
agonist, was approved for the treatment of pro-
longed sleep latency in adults. It has six-fold
greater affinity for the MT; receptor than melato-
nin (Hatta et al., 2015; Kato et al., 2005). A lim-
ited number of case reports have reported its
effectiveness in children with ASD (Asano et al.,
2014; Hollway & Aman, 2011; Kawabe et al.,
2014).
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Alpha-2 (a2) Agonists

Clonidine, which is a noradrenergic a2 agonist
indicated for treating hypertension and ADD, is
probably the second most widely used medica-
tion for treating sleep disorders in children with
ASD/NDD. Several studies, mostly open label in
nature, have demonstrated moderate effective-
ness for reducing latency and night waking
(Hollway & Aman, 2011; Ingrassia & Turk,
2005; Ming et al., 2008). Clonidine dosing typi-
cally starts at 0.05 mg and can go as high as 0.2—
0.3 mg in adolescents with adult habitus.
Formulations include oral tablet, weekly trans-
dermal patch, and extended-release oral tablet.
Tolerance is occasionally seen. The most fre-
quent adverse events reported by respondents of
a national survey of medications used to treat
psychiatric and seizure disorders in children and
adults who used clonidine included daytime
fatigue/drowsiness, aggression/agitation/irrita-
bility, behavior problems, anxiety and dizziness,
gastrointestinal symptoms, and paradoxical sleep
problems (Coleman et al., 2019; Macleod &
Keen, 2014).

Guanfacine is another a2 agonist. Like cloni-
dine, it was approved for treating hypertension
and ADD. However, it is less sedating than cloni-
dine and therefore less useful for promoting sleep
in children with ASD/DD. In the parent/patient
survey of psychiatric medications used in ASD
referred to above, the rated benefit was small and
far less than that of clonidine for reducing latency
and improving sleep maintenance (Coleman
et al., 2019). Indeed, other studies in children
with ADD and ADD with ASD reported that
extended-release guanfacine was found to have
no effect or even to decrease total sleep time
(Bruni et al., 2019; Politte et al., 2018; Rugino,
2018).

In summary, clonidine may have a moderate
effect size in treating sleep disorders by improv-
ing sleep-onset latency, sleep continuity, and total
sleep time, while decreasing the number of night
wakings (Cuomo et al.,, 2017). The positive
effects of these agents should be weighed against
the known adverse effects, such as decreased
REM-phase sleep. Nonetheless, they may be

beneficial in children who do not respond to other
behavioral therapies and/or melatonin.

Antipsychotic Medications

Risperidone is one of the two agents approved for
the treatment of irritability in children and ado-
lescents with ASD. In one study designed to
examine the long-term effects of risperidone in
children and adolescents with ASD, investigators
noted improvement in sleep-onset latency, but
not in sleep duration (Aman et al., 2005; Brown,
2019). However, other studies found a positive
effect of risperidone on sleep duration (Cortese
et al., 2020; Cuomo et al., 2017). Given the sub-
stantial metabolic and endocrinologic adverse
events (e.g., weight gain, gynecomastia, dyslipid-
emia), as well as negative effects on REM sleep
and the counterproductive potential to induce
restless legs syndrome (and concomitant sleep
disturbance), caution should be used in prescrib-
ing this medication solely for the purpose of
treating sleep dysfunction in children with ASD/
DD.

In one small study of adolescents with ASD,
quetiapine was reported to be beneficial in
improving sleep. The authors noted improvement
on the CSHQ when quetiapine was tested in
open-label fashion on children with concurrent
aggressive behavior and elevated sleep scores
(Golubchik et al., 2011). In a national survey
ranking parent/patient-reported risk-benefit anal-
yses of psychiatric medications in individuals
with ASD, quetiapine was reported to have some
benefit in treating sleep, though the risk:benefit
ratio was reported as close to even (Coleman
etal., 2019).

Antidepressants

Trazodone is an antidepressant (AD) that acts as
a serotonin-2a (5HT,,) and histamine-1 (H,)
receptor antagonist, and also modulates adreno-
receptor function. It has substantial sedating side
effects, even at doses lower than used for their
AD activity, a fact that has been capitalized on for
use in childhood and adult sleep disorders.
Although child psychiatrists frequently use trazo-
done in treating children and adolescents with
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ASD/DD and other neuropsychiatric disorders,
there is a paucity of literature supporting its use
in children with ASD/DD (Brown, 2019; Hollway
& Aman, 2011; Owens et al., 2010).

Similar to trazodone, mirtazapine is a sedating
AD that is an H, and 5-HT, blocker. However,
mirtazapine is a tetracyclic AD that also blocks
5-HTj; and alpha-2 receptors, leading to increased
release of norepinephrine and serotonin. It has
the effect of reducing latency and increasing
sleep duration without affecting REM. A small
open-label study in children with ASD/DD
showed improved sleep in a subset of children
(Brown, 2019; Hollway & Aman, 2011; Owens
et al., 2010; Posey et al., 2001). The side effects
of both medicines include daytime drowsiness,
dizziness, dry mouth, and constipation. Trazodone
can also cause vision changes, and, rarely, hypo-
tension, priapism, and cardiac arrhythmias
(Brown, 2019; Hollway & Aman, 2011).

GABA Receptor Agonists

Clonazepam, a long-acting GABA receptor ago-
nist, shares some properties with sleep agents
approved for the treatment of insomnia in adults
(Browne, 1976). Indicated for treating some sei-
zure subtypes as well as panic disorder (in adults),
it has been reported to be of some utility in treat-
ing children with ASD/DD. It can be particularly
useful in children with concurrent seizure disor-
ders and has been of benefit in helping with sleep
and seizures in children with Angelman syn-
drome (Cuomo et al., 2017; Robinson-Shelton &
Malow, 2016).

Anti-epileptic Medications

There is some evidence that gabapentin, dosed at
5 mg/kg up to 15 mg/kg at bedtime, may provide
benefit for sleep latency and maintenance across
several NDDs in children, including ASD, cere-
bral palsy, and ADHD. The reported side effects
include paradoxical worsening of agitated awak-
ening or prolonged sleep-onset latency due to
activation in a subset of individuals. Gabapentin
may be an especially good choice if co-occurring
restless legs syndrome or seizure disorder is sus-
pected in a child with ASD/DD (Accardo &

Malow, 2014; Brown, 2019; Reynolds, 2019;
Robinson & Malow, 2013).

Other anti-epileptics that have been associated
with improvements in sleep latency and sleep
efficiency including tiagabine, pregabalin, cloba-
zam, and carbamazepine. (Accardo & Malow,
2014; Brown, 2019; Jain & Glauser, 2014;
Reynolds, 2019; Robinson & Malow, 2013)
However, it would be difficult to advise the use of
these agents outside of a presentation of sleep
dysfunction in the setting of epilepsy. Indeed, in
the child with ASD/DD and co-occurring epi-
lepsy, the clinician should be mindful of anti-
epileptic drugs that may promote sleep rather
than having no effect or even interfering (as can
be seen with phenobarbital and phenytoin) (Nita
& Weiss, 2019).

Cannabis

Barchel showed that cannabidiol may decrease
bedtime resistance (Barchel et al., 2018).
Administering cannabidiol to children with ASD
helped with the child’s motivation and ability to
communicate with family and caregivers, ulti-
mately decreasing disruptive behavior at night
and bedtime resistance (Barchel et al., 2019).

In a review of cannabis in the treatment of
ASD, the findings concerning the effects on sleep
were inconsistent and mostly based on open-
label or retrospective studies. In one study, par-
ents reported improvement in 71% of children in
whom sleep problems were present at the outset
of the study. However, peer-reviewed studies
found no significant improvement compared with
“conventional” treatment methods (Barchel et al.,
2019). Another study in children from Chile with
ASD reported improved sleep after treatment
with cannabis (Kuester et al., 2017). In contrast,
a retrospective study that reported improvement
in anxiety-related symptoms in children with
ASD also reported significant side effects of
hypervigilance, leading to exacerbated sleep con-
cerns in 14% of children (Aran et al., 2019). The
authors of the review confirmed the inconsistency
of the effects of cannabis in treating sleep disor-
ders in children with ASD, recognizing a need for
more rigorous controlled studies to determine
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whether these treatments are of any benefit
(Agarwal et al., 2019).

Antihistamines

Once a frequent go-to choice for inducing sleep
in children with ASD/DD, studies have demon-
strated that diphenhydramine is no better than
placebo at improving sleep, despite its sedative
effects. With the exception of an older study from
1976, which studied typically developing chil-
dren and demonstrated improvements in latency
and night wakings, there is no support for the use
of this agent (Hollway & Aman, 2011; Russo
et al., 1976). Hydroxyzine, indicated for anxiety,
pruritis, and pre- and post-operative sedation, has
also been reported to be a safer alternative for
inducing sleep, but its use has not been well stud-
ied (Brown, 2019; Bruni et al., 2019).

While pharmacologic treatment may play a
role in treating some aspects of sleep disorders in
children with ASD/DD, its role should be sec-
ondary to parent education, training, and behav-
ioral interventions. With the possible exception
of melatonin, pharmacologic treatment should be
used as an adjunct when parent training and
behavioral interventions do not work, or in the
rare instances where there is a need for more
rapid temporizing measures to be employed
while nonpharmacologic treatments can be opti-
mized. The literature on melatonin is quite sub-
stantive, but also stands in stark contrast to the
relative paucity of evidence for other pharmaco-
logic options. As previously mentioned, the
agents discussed in this section should be used
with caution and in a parsimonious manner,
based on the presence of other co-occurring con-
ditions that might also benefit from treatment
with a given agent.

Clinical Pearls

It is the opinion of this author (MGM) that the
effective management of sleep disturbances
requires careful attention to comorbid mental
health disorders. The optimal approach will
require close coordination among members of
the medical home team, including a sleep spe-

cialist and mental healthcare provider. Healthcare
providers with special training in sleep are essen-
tial because the average amount of sleep educa-
tion received by pediatric residents is only
4 hours (Mindell et al., 2013). Despite the limited
attention to sleep medicine in the conventional
residency curriculum, sleep health plays a critical
role in overall health and ongoing physician edu-
cation and family education are vital.

In this writer’s experience, misguided efforts
to treat sleep without a proper evaluation and
treatment of comorbid mental health symptoms
can lead to exacerbation of the sleep problems
and the mental health issues (MGM). A closely
coordinated approach is even more warranted
when a patient presents with severe psychiatric
symptoms such as suicidal ideation or psychosis
(symptoms that were not in the scope of this
chapter). Thus, although a patient and family
members may have initially presented at our mul-
tidisciplinary sleep clinic seeking treatment for
sleep issues, we often educate the patient and
family about the risks of prematurely addressing
sleep problems without proper treatment of
comorbid mental health symptoms. At our clinic,
the treatment of sleep issues often begins with a
referral for mental health care.

When investigating sleep disturbance in a
child with DD, it is important to review the entire
sleep history to fully characterize the sleep dis-
turbance. Routine surveillance may allow night
wakings to be overlooked, so the clinical evalua-
tion should include attention to overall sleep hab-
its, bedtime routine, behavioral sleep associations,
and possible medical pathology contributing to
sleep disturbance. The approach must encourage
good sleep hygiene with consistent sleep and
wake times, limited screen time prior to bedtime,
limiting daytime naps, and daily physical activ-
ity. In 2014, Knight et al. demonstrated the sig-
nificant effect of a behavioral treatment plan in
the treatment of night wakings (Knight &
Johnson, 2014). Similar results using bedtime
fading and positive routines were reported by
Delmere et al. (Delemere & Dounavi, 2018).

The overall sleep needs of the individual child
must be considered carefully. A child with ASD/
DD may have a different total sleep duration than
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their neuro-typical peers. If a child is consistently
sleeping and waking at the same time with little
to no night wakings and is able to participate in
therapies and activities of daily living without
somnolence or significant behavioral distur-
bance, then the total sleep time may be sufficient.
Often, we find that parents have an expectation
for children with ASD/DD to sleep the same
amount as their neurotypical peers, which leads
to inappropriate expectations for the child. There
are significant demands upon the caregiver of a
child with DD, and so they may put children to
bed at 7-8 pm while trying to accomplish other
work or household tasks — when the child’s more
physiologic sleep need may be sleeping from
11 pm to 7 am. The issue of misaligned parental
expectations is often most notable for adolescent
patients, who have a tendency for delayed sleep
phase. Reviewing the individual sleep needs of
the family and the child can realign the expecta-
tions for sleep and decrease parental anxiety.

If sleep hygiene strategies are not successful,
sleep aids should be tried. As described above,
endogenous melatonin is less effective in chil-
dren with ASD than their neurotypical peers, and
supplemental melatonin can be effective in the
treatment of sleep-onset delay and night wakings.
Some previous studies have indicated the effec-
tiveness of nontraditional therapies. A 2017 study
by Narasingharao et al. showed that a structured
yoga intervention was effective in decreasing
night wakings (Narasingharao et al., 2017).
Despite the existence of few double-blind,
placebo-controlled studies, there is significant
popular demand for these therapies. Physicians
may want to explore the utility of local resources,
such as yoga for children and age-appropriate
mindfulness training.

Night wakings in children with ASD/DD can
have profound effects on patients and caregivers.
Future work should focus on the incidence and
prevalence of night wakings as well as treatment
strategies. Even simple changes to the pediatric
residence curriculum may offer significant oppor-
tunity to better understand night wakings in this
population. This population of patients may have
limited expressive language or atypical methods
for communicating pain and discomfort.

These children may also have more difficulty
than their neuro-typical peers in tolerating the
multiple leads and diagnostic equipment required
for in-lab polysomnography in addition to com-
mon fears associated with hospital- or medical
facility-based diagnostics. Children with DD
may not tolerate traditional polysomnography. If
they are evaluated in a sleep lab used primarily to
evaluate adult patients or undergo home testing,
they may not be accurately diagnosed because of
differences in the scoring systems used for adults
vs. children. The 2017 AASM Pediatric Task
Force published a position paper stating that
home sleep apnea testing is not recommended for
the pediatric population and cited references that
the recommendation was in part due to a lack of
available tests with sufficient sensitivity and
specificity.

Another limitation in a typical visit with a
child with DD is the number of concerns parents
have that need to be addressed during a single
visit. There is not always enough time for parents
to address all concerns in 30-60 minutes, espe-
cially when the child is anxious or exhibiting
behavioral issues, or the parent is chronically
sleep deprived and managing multiple medical
concerns. This highlights the importance of good
referral information and preparing the family for
the visit and perhaps collecting information with
questionnaires ahead of time.

In terms of pharmacological interventions, the
adverse event profile for antipsychotic medica-
tions should preclude their use solely for the pur-
pose of treating sleep in children with ASD/
DD. Assuming a parsimonious approach to medi-
cation choice, the practitioner should choose this
class of medication to treat sleep if there is a need
to target other symptoms susceptible to improve-
ment with the same agent. We have had success
with using low-dose quetiapine at night in chil-
dren and/or adolescents who present with cyclic
mood changes, especially when other interven-
tions have been unsuccessful. We have also used
it as a bridge while behavioral interventions are
employed in cases where sleep disruption of the
child has had significant negative effects on the
entire family system (JTM).
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We use trazodone (starting dose 25 mg, titrat-
ing up if needed to 150 mg) in the adolescent
when family education and interventional tech-
niques have failed due to uncontrollable environ-
mental or psychosocial barriers and when
melatonin, clonidine, and other options have
failed. In our experience, there is a tendency to
build tolerance with trazodone. Thus, its use as a
long-term agent is questionable. As a result, we
often ask families to reserve its use for evenings
where latency has exceeded a pre-specified dura-
tion. Once a normal sleep pattern is established,
we attempt to titrate the dose down to discontinu-
ation or the lowest effective dose (JTM).

Conclusion

The relationship among sleep, psychopathology,
and ASD in children is complex. One must con-
sider the interplay between ASD and reported
mental health symptoms and its effect on sleep
(Bartlett et al., 1985; Johnson, 1996; Kose et al.,
2017). The clinician is strongly encouraged to
screen for mental health symptoms that are com-
mon to children with ASD, which may not be at
the forefront of the reporting patient or family’s
concerns.

References

Accardo, J. A., & Malow, B. A. (2014). Sleep, epilepsy, and
autism. https://doi.org/10.1016/j.yebeh.2014.09.081

Adams, H. L., Matson, J. L., Cervantes, P. E., & Goldin,
R. L. (2014). The relationship between autism symp-
tom severity and sleep problems: Should bidirection-
ality be considered? Research in Autism Spectrum
Disorder, 8, 193—-199.

Agarwal, R., Burke, S. L., & Maddux, M. (2019). Current
state of evidence of cannabis utilization for treatment
of autism spectrum disorders. BMC Psychiatry, 19(1),
328. https://doi.org/10.1186/s12888-019-2259-4

Alves, R., Resende, M., Skomro, R., Souza, F., & Reed,
U. (2009). Sleep and neuromuscular disorders in chil-
dren. Sleep Medicine Reviews, 13, 133—148.

Aman, M. G., Arnold, L. E., McDougle, C. J., Vitiello,
B., Scahill, L., Davies, M., McCracken, J. T., Tierney,
E., Nash, P. L., Posey, D. J., Chuang, S., Martin, A.,
Shah, B., Gonzalez, N. M., Swiezy, N. B., Ritz, L.,
Koenig, K., McGough, J., Ghuman, J. K., & Lindsay,
R. L. (2005). Acute and long-term safety and toler-

ability of risperidone in children with autism. Journal
of Child and Adolescent Psychopharmacology, 15(6),
869-884. https://doi.org/10.1089/cap.2005.15.869

Andersen, 1. M., Kaczmarska, J. A., McGrew, S. G., &
Malow, B. A. (2008). Melatonin for insomnia in
children with autism spectrum disorders. Journal
of Child Neurology, 23(5), 482-485. https://doi.
org/10.1177/0883073807309783

Aran, A., Cassuto, H., Lubotzky, A., Wattad, N., &
Hazan, E. (2019). Brief report: Cannabidiol-rich can-
nabis in children with autism spectrum disorder and
severe behavioral problems — A retrospective feasi-
bility study. Journal of Autism and Developmental
Disorders, 49(3), 1284—-1288. https://doi.org/10.1007/
$10803-018-3808-2

Asano, M., Ishitobi, M., Kosaka, H., Hiratani, M., &
Wada, Y. (2014). Ramelteon monotherapy for insom-
nia and impulsive behavior in high-functioning autis-
tic disorder. Journal of Clinical Psychopharmacology,
34(3), 402-403. https://doi.org/10.1097/
JCP.0000000000000137

American Psychiatric Association. (2013). Diagnostic
and statistical manual of mental disorders (5th ed.).
https://doi.org/10.1176/appi.books.9780890425596

Barchel, D., Stolar, O., De-Haan, T., Ziv-Baran, T., Saban,
N., Or Fuchs, D., Koren, G., & Berkovitch, M. (2018).
Oral cannabidiol use in children with autism spectrum
disorder to treat related symptoms and co-morbidities.
Frontiers in Pharmacology, 9, 1-5.

Barchel, D., Stolar, O., De-Haan, T., Ziv-Baran, T., Saban,
N., Fuchs, D. O., Koren, G., & Berkovitch, M. (2019).
Oral cannabidiol use in children with autism spectrum
disorder to treat related symptoms and co-morbidities.
Frontiers in Pharmacology, 9(January), 1521. https://
doi.org/10.3389/fphar.2018.01521

Bartlett, L. B., Rooney, V., & Spedding, S. (1985).
Nocturnal difficulties in a population of mentally
handicapped children. British Journal of Mental
Subnormality, 31, 54-59. https://doi.org/10.1179/
bjms.1985.009

Bixler, E. O., Vgontzas, A. N., Lin, H. M., et al. (2009).
Sleep disordered breathing in children in a general
population sample: Prevalence and risk factors. Sleep,
32(6), 731-736.

Brand, S., Jossen, S., Holsboer-Trachsler, E., Puhse, U., &
Gerber, M. (2015). Impact of aerobic exercise on sleep
and motor skills in children with autism spectrum dis-
orders — A pilot study. Neuropsychiatric Disease and
Treatment, 11, 1911-1920.

Brown, L. W. (2019). In J. A. Accardo (Ed.), Sleep
in children with neurodevelopmental  disabili-
ties. Springer International Publishing. https://doi.
org/10.1007/978-3-319-98414-8

Browne, T. R. (1976). Clonazepam: A review of a
new anticonvulsant drug. Archives of Neurology,
33(5), 326-332. https://doi.org/10.1001/
archneur.1976.00500050012003

Bruni, O., Angriman, M., Melegari, M. G., & Ferri, R.
(2019). Pharmacotherapeutic management of sleep
disorders in children with neurodevelopmental dis-


https://doi.org/10.1016/j.yebeh.2014.09.081
https://doi.org/10.1186/s12888-019-2259-4
https://doi.org/10.1089/cap.2005.15.869
https://doi.org/10.1177/0883073807309783
https://doi.org/10.1177/0883073807309783
https://doi.org/10.1007/s10803-018-3808-2
https://doi.org/10.1007/s10803-018-3808-2
https://doi.org/10.1097/JCP.0000000000000137
https://doi.org/10.1097/JCP.0000000000000137
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.3389/fphar.2018.01521
https://doi.org/10.3389/fphar.2018.01521
https://doi.org/10.1179/bjms.1985.009
https://doi.org/10.1179/bjms.1985.009
https://doi.org/10.1007/978-3-319-98414-8
https://doi.org/10.1007/978-3-319-98414-8
https://doi.org/10.1001/archneur.1976.00500050012003
https://doi.org/10.1001/archneur.1976.00500050012003

416

A. Galion et al.

orders. Expert Opinion on Pharmacotherapy. https://
doi.org/10.1080/14656566.2019.1674283

Camfferman, D., McEvoy, R., et al. (2008). Prader Willi
syndrome and excessive daytime sleepiness. Sleep
Medicine Reviews, 12(3), 65-75.

Carr, R., Wasdell, M. B., Hamilton, D., Weiss, M. D.,
Freeman, R. D., Tai, J., Rietveld, W. J., & Jan,
J. E. (2007). Long-term effectiveness outcome
of melatonin therapy in children with treatment-
resistant circadian rhythm sleep disorders. Journal
of Pineal Research, 43(4), 351-359. https://doi.
org/10.1111/5.1600-079X.2007.00485

Cerezo, A. B., Leal, A., Alvarez-Fernandez, M. A.,
Hornedo-Ortega, R., Troncoso, A. M., & Garcia-
Parrilla, M. C. (2016). Quality control and determi-
nation of melatonin in food supplements. Journal of
Food Composition and Analysis, 45, 80-86. https://
doi.org/10.1016/j.jfca.2015.09.013

Chan, J., Edman, J. C., & Koltai, P. J. (2004). Obstructive
sleep apnea in children. American Family Physician,
69(5), 1147-1154.

Chen, M. H., Wei, H. T., Chen, L. C., Su, T. P, Bai, Y. M.,
Hsu, J. W., Huang, K. L., Chang, W. H., Chen, T. J.,
& Chen, Y. S. (2015). Autistic spectrum disorder,
attention deficit hyperactivity disorder, and psychi-
atric comorbidities: A nationwide study. Research in
Autism Spectrum Disorders, 10, 1-6.

Coleman, D. M., Adams, J. B., Anderson, A. L., & Frye,
R. E. (2019). Rating of the effectiveness of 26 psy-
chiatric and seizure medications for autism spectrum
disorder: Results of a national survey. Journal of Child
and Adolescent Psychopharmacology, 29(2), 107—
123. https://doi.org/10.1089/cap.2018.0121

Coppola, G., lervolino, G., Mastrosimone, M., La Torre,
G., Ruiu, F,, & Pascotto, A. (2004). Melatonin in wake-
sleep disorders in children, adolescents and young
adults with mental retardation with or without epi-
lepsy: A double-blind, cross-over, placebo-controlled
trial. Brain and Development, 26(6), 373-376. https://
doi.org/10.1016/j.braindev.2003.09.008

Cortese, S., Wang, F., Angriman, M., Masi, G., & Bruni,
0. (2020). Sleep disorders in children and adolescents
with autism spectrum disorder: Diagnosis, epidemiol-
ogy, and management. CNS Drugs, 34(4), 415-423.
https://doi.org/10.1007/s40263-020-00710-y

Cortesi, F., Giannotti, F., Ivanenko, A., & Johnson, K.
(2010). Sleep in children with autistic spectrum disor-
der. Sleep Medicine, 11(7), 659—664.

Cortesi, F., Giannotti, F., Sebastiani, T., Panunzi, S., &
Valente, D. (2012). Controlled-release melatonin, sin-
¢gly and combined with cognitive behavioural therapy,
for persistent insomnia in children with autism spec-
trum disorders: a randomized placebo-controlled trial.
Journal of Sleep Research, 21, 700-709.

Cremone-Caira, A., Buirkle, J., Gilbert, R., Nayudu, N.,
& Faja, S. (2019). Relations between caregiver-report
of sleep and executive function problems in children
with autism spectrum disorder and attention-deficit/
hyperactivity disorder. Research in Developmental
Disabilities, 94, 1034-1064.

Crowley, S. J., et al. (2018). An update on adolescent
sleep: New evidence informing the perfect storm
model. Journal of Adolescence, 67, 55-65. https://doi.
org/10.1016/j.adolescence.2018.06.001

Cuomo, B. M., Vaz, S., Lee, E. A. L., Thompson,
C., Rogerson, J. M., & Falkmer, T. (2017).
Effectiveness of sleep-based interventions for
children with autism spectrum disorder: A meta-
synthesis. Pharmacotherapy: The Journal of Human
Pharmacology and Drug Therapy, 37(5), 555-578.
https://doi.org/10.1002/phar.1920

Dahl, R. E. (1995). Sleep in behavioral and emotional
disorders. In M. K. R. Ferber (Ed.), Principles and
practice of sleep medicine in the child (2nd ed.,
pp. 147-154). W.B. Saunders.

Delemere, E., & Dounavi, K. (2018). Parent-implemented
bedtime fading and positive routines for children with
autism spectrum disorders. Journal of Autism and
Developmental Disorders, 48, 1002-1019.

Demetriou, E. A., Lampit, A., Quintana, D. S., Naismith,
S.L., Song,Y.J. C., Pye, J. E., Hickie, L., & Guastella,
A. J. (2018). Autism spectrum disorders: A meta-
analysis of executive function. Molecular Psychiatry,
23, 1198-1204.

Devnani, P. A., & Hegde, A. U. (2015). Autism and sleep
disorders. Journal of Pediatric Neurosciences, 10(4),
304-307. https://doi.org/10.4103/1817-1745.174438

Erland, L. A. E., & Saxena, P. K. (2017). Melatonin natu-
ral health products and supplements: Presence of sero-
tonin and significant variability of melatonin content.
Journal of Clinical Sleep Medicine, 13(02), 275-281.
https://doi.org/10.5664/jcsm.6462

Esposito, D., Belli, A., Ferri, R., & Bruni, O. (2020).
Sleeping without prescription: Management of
sleep disorders in children with autism with non-
pharmacological interventions and over-the-counter
treatments. Brain Sciences, 10(7), 1-30. https://doi.
org/10.3390/brainscil 0070441

Fujiwara, Y., Arakawa, T., & Fass, R. (2012).
Gastroesophageal reflux disease and sleep distur-
bances. Journal of Gastroenterology, 47, 760-769.

Gail Williams, P., Sears, L. L., & Allard, A. (2004). Sleep
problems in children with autism. Journal of Sleep
Research, 13,265-268.

Giannotti, F., Cortesi, F., Cerquiglini, A., Vognoni, C.,
& Valente, D. (2011). Sleep in children with autism
with and without autistic regression. Journal of Sleep
Research, 20(2), 338-347. https://doi.org/10.1111/
j-1365-2869.2010.00882.x. Epub 2010 Aug 16.
PMID: 21518065.

Goldberg, S., Shatz, A., Picard, E., Wexler, I., Schwartz, S.,
Swed, E., Zilber, L., & Kerem, E. (2005). Endoscopic
findings in children with obstructive sleep apnea:
Effects of age and hypotonia. Pediatric Pulmonology,
40, 205-210.

Goldman, S. E., Richdale, A. L., Clemons, T., et al. (2012).
Parental sleep concerns in autism spectrum disorders:
Variations from childhood to adolescence. Journal of
Autism and Developmental Disorders, 42, 531-538.


https://doi.org/10.1080/14656566.2019.1674283
https://doi.org/10.1080/14656566.2019.1674283
https://doi.org/10.1111/j.1600-079X.2007.00485
https://doi.org/10.1111/j.1600-079X.2007.00485
https://doi.org/10.1016/j.jfca.2015.09.013
https://doi.org/10.1016/j.jfca.2015.09.013
https://doi.org/10.1089/cap.2018.0121
https://doi.org/10.1016/j.braindev.2003.09.008
https://doi.org/10.1016/j.braindev.2003.09.008
https://doi.org/10.1007/s40263-020-00710-y
https://doi.org/10.1016/j.adolescence.2018.06.001
https://doi.org/10.1016/j.adolescence.2018.06.001
https://doi.org/10.1002/phar.1920
https://doi.org/10.4103/1817-1745.174438
https://doi.org/10.5664/jcsm.6462
https://doi.org/10.3390/brainsci10070441
https://doi.org/10.3390/brainsci10070441
https://doi.org/10.1111/j.1365-2869.2010.00882.x
https://doi.org/10.1111/j.1365-2869.2010.00882.x

22 Treating Sleep Disturbances in Children with Developmental Disorders

47

Goldman, S. E., Adkins, K. W., Calcutt, M. W., Carter,
M. D., Goodpaste, R. L., Wang, L., Shi, Y., Burgess,
H. J., Hachey, D. L., & Malow, B. A. (2014).
Melatonin in children with autism Spectrum dis-
orders: Endogenous and pharmacokinetic pro-
files in relation to sleep. Journal of Autism and
Developmental Disorders, 44(10), 2525-2535. https://
doi.org/10.1007/s10803-014-2123-9

Golubchik, P., Sever, J., & Weizman, A. (2011). Low-
dose quetiapine for adolescents with autistic spec-
trum disorder and aggressive behavior. Clinical
Neuropharmacology, 34(6), 216-219. https://doi.
org/10.1097/WNF.0b013e31823349ac

Gregory, A. M., & O’Connor, T. G. (2002). Sleep prob-
lems in childhood: A longitudinal study of devel-
opmental change and association with behavioral
problems. Journal of the American Academy of Child
and Adolescent Psychiatry, 41,964-971.

Gregory, A. M., Rijsdijk, F. V., Dahl, R. E., McGuffin,
P, & Eley, T. C. (2006). Associations between sleep
problems, anxiety, and depression in twins at 8 years
of age. Pediatrics, 118, 1124-1132.

Gringras, P, Gamble, C., Jones, A. P, Wiggs, L.,
Williamson, P. R., Sutcliffe, A., Montgomery, P.,
Whitehouse, W. P., Choonara, 1., Allport, T., Edmond,
A., & Appleton, R. (2012). Melatonin for sleep prob-
lems in children with neurodevelopmental disorders:
Randomised double masked placebo controlled trial.
BMJ (Online), 345, 7882. https://doi.org/10.1136/bmj.
6664

Gringras, P., Nir, T., Breddy, J., Frydman-Marom, A., &
Findling, R. L. (2017). Efficacy and safety of pedi-
atric prolonged-release melatonin for insomnia in
children with autism spectrum disorder. Journal
of the American Academy of Child and Adolescent
Psychiatry,  56(11), 948-957.e944. https://doi.
org/10.1016/j.jaac.2017.09.414

Gunes, S., Ekinci, O., Feyzioglu, A., Ekinci, N., &
Kalinli, M. (2019). Sleep problems in children with
autism spectrum disorder: Clinical correlates and
the impact of attention deficit hyperactivity disor-
der. Neuropsychiatric Disease and Treatment, 15,
763-771.

Hatta, K., Kishi, Y., & Wada, K. (2015). Ramelteon for
delirium in hospitalized patients. JAMA, 314(10),
1071-1072.

Hollway, J. A., & Aman, M. G. (2011). Pharmacological
treatment of sleep disturbance in developmental
disabilities: A review of the literature (Vol. 32).
Pergamon. https://doi.org/10.1016/j.ridd.2010.12.035

Hollway, J. A., Aman, M. G., & Butter, E. (2013).
Correlates and risk markers for sleep disturbance
in participants of the autism treatment network.
Journal of Autism and Developmental Disorders, 43,
2830-2843.

Honomichl, R. D., Goodlin-Jones, B. L., Burnham, M.,
Gaylor, E., & Anders, T. FE. (2002). Sleep patterns
of children with pervasive developmental disorders.
Journal of Autism and Developmental Disorders,
32(6), 553-561.

Horn, J. R., & Hansten, P. D. (2007). Get to know
an enzyme: CYP1A2. Pharmacy Times. https://
www.pharmacytimes.com/publications/
issue/2007/2007-11/2007-11-8279

Ingrassia, A., & Turk, J. (2005). The use of clonidine
for severe and intractable sleep problems in children
with neurodevelopmental disorders: A case series.
European Child & Adolescent Psychiatry, 14, 34-40.
https://doi.org/10.1007/s00787-005-0424-4

Jain, S. V., & Glauser, T. A. (2014). Effects of epilepsy
treatments on sleep architecture and daytime sleepi-
ness: An evidence-based review of objective sleep met-
rics. Epilepsia, 55(1), 26-37. https://doi.org/10.1111/
epi.12478

Jensen, P. S., Martin, D., Cantwell, D. P. (1997).
Comorbidity in ADHD: implications for research,
practice, and DSM-V. Journal of the American
Academy of Child and Adolescent Psychiatry, 36(8),
1065-1079. https://doi.org/10.1097/00004583-
199708000-00014. PMID: 9256586.

Johnson, C. R. (1996). Sleep problems in children with
mental retardation and autism (Vol. 5). W.B. Saunders.
https://doi.org/10.1016/s1056-4993(18)30355-9

Joshi, G., Petty, C., Wozniak, J., Henin, A., Fried, R.,
Galdo, M., Kotarski, M., Walls, S., & Biederman, J.
(2010). The heavy burden of psychiatric comorbidity
in youth with autism spectrum disorders: A large com-
parative study of a psychiatrically referred popula-
tion. Journal of Autism and Developmental Disorders,
40(11), 1361-1370.

Kato, K., Hirai, K., Nishiyama, K., Uchikawa, O.,
Fukatsu, K., Ohkawa, S., Kawamata, Y., Hinuma, S.,
& Miyamoto, M. (2005). Neurochemical properties of
ramelteon. Neuropharmacology, 48(2), 301-310.

Kawabe, K., Horiuchi, F., Oka, Y., & Ueno, S. (2014).
The melatonin receptor agonist ramelteon effectively
treats insomnia and behavioral symptoms in autistic
disorder. Case Reports in Psychiatry, 1-5. https://doi.
org/10.1155/2014/561071

Kennaway, D. J. (2000). Melatonin and develop-
ment: Physiology and pharmacology. Seminars in
Perinatology, 24(4), 258-266. https://doi.org/10.1053/
sper.2000.8594

Kheirouri, S., Kalejahi, P., & Noorazar, S. (2016). Plasma
levels of serotonin, gastrointestinal symptoms, and
sleep problems in children with autism. Turkish
Journal of Medical Sciences, 46(6), 1765-1772.

Knight, R., & Johnson, C. (2014). Using a behavioral
treatment package for sleep problems in children with
autism spectrum disorders. Child & Family Behavior
Therapy, 36(3), 204-221.

Kose, S., Yilmaz, H., Ocakoglu, F. T., & Ozbaran, N. B.
(2017). Sleep problems in children with autism spec-
trum disorder and intellectual disability without
autism spectrum disorder. Sleep Medicine, 40, 69-77.
https://doi.org/10.1016/j.sleep.2017.09.021

Kotagal, S., & Broomall, E. (2012). Sleep in children with
ASD. Pediatric Neurology, 47, 242-251.

Kuester, G., Vergara, K., Ahumada, A., & Gazmuri,
A. M. (2017). Oral cannabis extracts as a promising


https://doi.org/10.1007/s10803-014-2123-9
https://doi.org/10.1007/s10803-014-2123-9
https://doi.org/10.1097/WNF.0b013e31823349ac
https://doi.org/10.1097/WNF.0b013e31823349ac
https://doi.org/10.1136/bmj.e6664
https://doi.org/10.1136/bmj.e6664
https://doi.org/10.1016/j.jaac.2017.09.414
https://doi.org/10.1016/j.jaac.2017.09.414
https://doi.org/10.1016/j.ridd.2010.12.035
https://doi.org/https://www.pharmacytimes.com/publications/issue/2007/2007-11/2007-11-8279
https://doi.org/https://www.pharmacytimes.com/publications/issue/2007/2007-11/2007-11-8279
https://doi.org/https://www.pharmacytimes.com/publications/issue/2007/2007-11/2007-11-8279
https://doi.org/10.1007/s00787-005-0424-4
https://doi.org/10.1111/epi.12478
https://doi.org/10.1111/epi.12478
https://doi.org/10.1097/00004583-199708000-00014
https://doi.org/10.1097/00004583-199708000-00014
https://doi.org/10.1016/s1056-4993(18)30355-9
https://doi.org/10.1155/2014/561071
https://doi.org/10.1155/2014/561071
https://doi.org/10.1053/sper.2000.8594
https://doi.org/10.1053/sper.2000.8594
https://doi.org/10.1016/j.sleep.2017.09.021

418

A. Galion et al.

treatment for the core symptoms of autism spectrum
disorder: Preliminary experience in Chilean patients.
Journal of the Neurological Sciences, 381, 932-933.
https://doi.org/10.1016/j.jns.2017.08.2623

Larson, A. M. (2012). Impact of pediatric epilepsy on
sleep patterns and behaviors in children and parents.
Epilepsia, 53(7), 1162-1169.

Leu, R. M. (2019). Melatonin. In Sleep in children
with  neurodevelopmental  disabilities (p. 339).
Springer  International  Publishing.  https://doi.
org/10.1007/978-3-319-98414-8_5

Lumeng, J. C., & Chervin, R. (2007). Epidemiology of
pediatric obstructive sleep apnea. Proceedings of the
American Thoracic Society, 5(2), 242-252.

Macleod, R. L., & Keen, D. V. (2014). Innovations in prac-
tice: “Off-label” clonidine: UK Paediatric and Child
and Adolescent Psychiatry prescribing practice for
sleep problems. Child and Adolescent Mental Health,
19(2), 147-150. https://doi.org/10.1111/camh.12032

Malhi, P, Kaur, A., Singhi, P., & Sankhyan, N. (2019).
Sleep dysfunction and behavioral daytime problems in
children with autism spectrum disorders: A compara-
tive study. Indian Journal of Pediatrics, 86(1), 12—17.

Malow, B. A., Marzec, M. L., McGrew, S. G., Wang, L.,
Henderson, L. M., & Stone, W. (2006). Characterizing
sleep in children with autism spectrum disor-
ders: A multidimensional approach. Sleep, 29(12),
1563-1571.

Malow, B. A., Byars, K., Johnson, K., Weiss, S., Bernal,
P., Goldman, S. E., Panzer, R., Coury, D. L., & Glaze,
D. G. (2012). A practice pathway for the identifica-
tion, evaluation, and management of insomnia in
children and adolescents with autism spectrum dis-
orders. Pediatrics, 130(2), S106-S124. https://doi.
org/10.1542/peds.2012-09001

Malow, B., Crowe, C., Henderson, L. et al. (2009). A sleep
habits questionnaire for children with autism spectrum
disorders. Journal of Child Neurology, 24(1), 19-24.

Maris, M., Verhulst, S., Wojciechowski, M., Van de
Heyning, P., & Boudewyns, A. (2016). Prevalence of
obstructive sleep apnea in children with down syn-
drome. Sleep, 39(3), 699-704.

Mayes, S. D., & Calhoun, S. L. (2009). Variables related
to sleep problems in children with autism. Research in
Autism Spectrum Disorders, 3,931-941.

Mazurek, M. O., & Petroski, G. F. (2015). Sleep problems
in children with autism spectrum disorder: Examining
the contributions of sensory over-responsivity and
anxiety. Sleep Medicine, 16(2), 270-279.

Mazurek, M., & Sohl, K. (2016). Sleep and behavioral
problems in children with autism spectrum disorder.
Journal of Autism and Developmental Disorders, 46,
1906-1915.

McArthur, A. J., & Budden, S. S. (2008). Sleep dys-
function in Rett syndrome: A trial of exogenous
melatonin  treatment.  Developmental — Medicine
& Child Neurology, 40(3), 186-192. https://doi.
org/10.1111/§.1469-8749.1998.tb 15445

McCrae, C. S., Chan, W. S., Curtis, A. F., Deroche,
C. B., Munoz, M., Takamatsu, S., Muckerman, J. E.,

Takahashi, N., McCann, D., McGovney, K., Sahota,
P., & Mazurek, M. O. (2020). Cognitive behavioral
treatment of insomnia in school-aged children with
autism spectrum disorder: A pilot feasibility study.
Autism Research, 13(1), 167-176.

Mindell, J. A., Bartle, A., Ahn, Y., et al. (2013). Sleep
education in pediatric residency programs: A cross-
cultural look. BMC Research Notes, 6, 130. https://
doi.org/10.1186/1756-0500-6-130

Ming, X., Gordon, E., Kang, N., & Wagner, G. C. (2008).
Use of clonidine in children with autism spectrum
disorders. Brain and Development, 30(7), 454—460.
https://doi.org/10.1016/j.braindev.2007.12.007

Narasingharao, K., Pradhan, B., & Navaneetham, J.
(2017). Efficacy of structured yoga intervention for
sleep, gastrointestinal and behaviour problems of ASD
children: An exploratory study. Journal of Clinical
and Diagnostic Research, 11(3), VC01-VC06.

Nita, D. A., & Weiss, S. K. (2019). Sleep and epilepsy.
In Sleep in children with neurodevelopmental disabili-
ties (pp. 227-240). Springer International Publishing.
https://doi.org/10.1007/978-3-319-98414-8_20

Nixon, G. M., & Brouillette, R. T. (2002). Sleep and
breathing in Prader-Willi syndrome. Pediatric
Pulmonology, 34, 209-217.

Owens, J. A., Spirito, A., & McGuinn, M. (2000). The
Children’s Sleep Habits Questionnaire (CSHQ):
Psychometric properties of a survey instrument
for school-aged children. Sleep-New York-, 23(8),
1043-1052.

Owens, J. A., Rosen, C. L., Mindell, J. A., & Kirchner,
H. L. (2010). Use of pharmacotherapy for insomnia
in child psychiatry practice: A national survey. Sleep
Medicine, 11(7), 692-700. https://doi.org/10.1016/j.
sleep.2009.11.015

Parker, A., Beresford, B., Dawson, V., Elphick, H.,
Fairhurst, C., Hewitt, C., Scantlebury, A., Spiers,
G., Thomas, M., Wright, K., & McDaid, C. (2019).
Oral melatonin for non-respiratory sleep disturbance
in children with neurodisabilities: Systematic review
and meta-analyses. Developmental Medicine & Child
Neurology, 61(8), 880-890. https://doi.org/10.1111/
dmcen.14157

Polimeni, M. A., Richdale, A. L., & Francis, A. J. (2005).
A survey of sleep problems in autism, Asperger’s dis-
order and typically developing children. Journal of
Intellectual Disability Research, 49(4), 260-268.

Politte, L. C., Scahill, L., Figueroa, J., McCracken, J. T.,
King, B., & McDougle, C. J. (2018). A randomized,
placebo-controlled trial of extended-release guanfa-
cine in children with autism spectrum disorder and
ADHD symptoms: An analysis of secondary outcome
measures. https://doi.org/10.1038/s41386-018-0039-3

Posey, D. J., Guenin, K. D., Kohn, A. E., Swiezy, N. B.,
& McDougle, C. J. (2001). A naturalistic open-label
study of mirtazapine in autistic and other perva-
sive developmental disorders. Journal of Child and
Adolescent Psychopharmacology, 11(3), 267-277.
https://doi.org/10.1089/10445460152595586


https://doi.org/10.1016/j.jns.2017.08.2623
https://doi.org/10.1007/978-3-319-98414-8_5
https://doi.org/10.1007/978-3-319-98414-8_5
https://doi.org/10.1111/camh.12032
https://doi.org/10.1542/peds.2012-0900I
https://doi.org/10.1542/peds.2012-0900I
https://doi.org/10.1111/j.1469-8749.1998.tb15445
https://doi.org/10.1111/j.1469-8749.1998.tb15445
https://doi.org/10.1186/1756-0500-6-130
https://doi.org/10.1186/1756-0500-6-130
https://doi.org/10.1016/j.braindev.2007.12.007
https://doi.org/10.1007/978-3-319-98414-8_20
https://doi.org/10.1016/j.sleep.2009.11.015
https://doi.org/10.1016/j.sleep.2009.11.015
https://doi.org/10.1111/dmcn.14157
https://doi.org/10.1111/dmcn.14157
https://doi.org/10.1038/s41386-018-0039-3
https://doi.org/10.1089/10445460152595586

22 Treating Sleep Disturbances in Children with Developmental Disorders

419

Quera Salva, M. A., Hartley, S., Léger, D., & Dauvilliers,
Y. A. (2017). Non-24-hour sleep-wake rhythm disor-
der in the totally blind: Diagnosis and management.
Frontiers in Neurology, 8, 686.

Reynolds, A. (2019). Sleep-related movement disorders.
InJ. A. Accardo (Ed.), Sleep in children with neurode-
velopmental disabilities (pp. 123—135). Springer.

Reynolds, K. C., Patriquin, M., Alfano, C. A., Loveland,
K. A., & Pearson, D. A. (2017). Parent-reported
problematic sleep behaviors in children with comor-
bid autism spectrum disorder and attention-deficit/
hyperactivity disorder. Research in Autism Spectrum
Disorder, 39, 20-32.

Richdale, A. L., Baker, E., Short, M., & Gradisar, M.
(2014). The role of insomnia, pre-sleep arousal and
psychopathology symptoms in daytime impairment
in adolescents with high-functioning autism spectrum
disorder. Sleep Medicine, 15(9), 1082—1088.

Robinson, A. A., & Malow, B. A. (2013). Gabapentin
shows promise in treating refractory insomnia in chil-
dren. Journal of Child Neurology, 28(12), 1618-1621.
https://doi.org/10.1177/0883073812463069

Robinson-Shelton, A., & Malow, B. A. (2016). Sleep
disturbances in neurodevelopmental disorders. In
Current psychiatry reports (Vol. 18, pp. 1-8). Current
Medicine Group LLC 1. https://doi.org/10.1007/
$11920-015-0638-1

Rosen, G., & Brand, S. R. (2011). Sleep in children with
cancer: Case review of 70 children evaluated in a
comprehensive pediatric sleep center. Support Care
Cancer, 19, 985-994.

Rugino, T. A. (2018). Effect on primary sleep dis-
orders when children with ADHD are adminis-
tered guanfacine extended release. Journal of
Attention  Disorders, 22(1), 14-24. https://doi.
org/10.1177/1087054714554932

Russo, R. M., Gururaj, V. J., & Allen, J. E. (1976). The
effectiveness of diphenhydramine HCI in pediatric
sleep disorders. The Journal of Clinical Pharmacology,
16(5-6), 284-288. https://doi.org/10.1002/j.1552-
4604.1976.tb02406

Santoro, S., Giacheti, C., et al. (2016). Correlations
between behavior, memory, sleep-wake and mela-
tonin in Williams Beuren syndrome. Physiology &
Behavior, 159, 14-19.

Sarber, K. M., Howard, J., Dye, T. J., Pascoe, J. E., &
Simakajornboon, N. (2019). Sleep-disordered breath-
ing in pediatric patients with Rett syndrome. Journal
of Clinical Sleep Medicine, 15(10), 1451-1457.

Schreck, K. A., & Richdale, A. L. (2020). Sleep prob-
lems, behavior, and psychopathology in autism: Inter-
relationships across the lifespan. Current Opinion in
Psychology, 34, 105-111.

Simonoff, E., Pickles, A., Charman, T., Chandler, S.,
Loucas, T., & Baird, G. (2008). Psychiatric disor-
ders in children with autism spectrum disorders:
Prevalence, comorbidity, and associated factors in a
population derived sample. Journal of the American
Academy of Child and Adolescent Psychiatry, 47(8),
921-929.

Simpson, R., Oyekan, A., Ehsan, Z., & Ingram, D. G.
(2018). Obstructive sleep apnea in patients with down
syndrome: Current perspectives. Nature and Science
of Sleep, 10, 287-293.

Sitnick, S. L., Goodlin-Jones, B., & Anders, T. F. (2008).
The use of actigraphy to study sleep disorders in pre-
schoolers: Some concerns about detection of night-
time awakenings. Sleep, 31(3), 395-401. https://doi.
org/10.1093/sleep/31.3.395

Smalley, S. L., McGough, J., Moilanen, I. K., Loo,
S. K., Taanila, A., Ebeling, H., Hurtig, T., Kaakinen,
M., Humphrey, L. A., & McCracken, J. T. (2007).
Prevalence and psychiatric comorbidity of attention-
deficit/ hyperactivity disorder in an adolescent Finnish
population. Journal of the American Academy of Child
and Adolescent Psychiatry, 46(12), 1575-1583.

St. Louis, E. (2011). Sleep and epilepsy: Strange bed-
fellows no more. Minerva Pneumologica, 50(3),
159-176.

Stores G. (2014). Psychological disturbance associated
with recurrent abnormal nocturnal events. British
Journal of Hospital Medicine (Lond), 75(6), 337-341.
https://doi.org/10.12968/hmed.2014.75.6.337. PMID:
25040410.

Stores, G. (2016). Multifactorial influences, including
comorbidities, contributing to sleep disturbance in
children with a neurodevelopmental disorder. CNS
Neuroscience & Therapeutics, 22(11), 875-879.
https://doi.org/10.1111/cns. 12574

Sung, V., Hiscock, H., Sciberras, E., & Efron, D. (2008)
Sleep problems in children with attention-deficit/
hyperactivity disorder: prevalence and the effect
on the child and family. Archives of Pediatrics and
Adolescent Medicine, 162(4), 336-342. https://doi.
org/10.1001/archpedi.162.4.336. PMID: 18391142

Taylor, M., Schreck, K., Mulick, J. (2012). Sleep disrup-
tion as a correlate to cognitive and adaptive behavior
problems in autism spectrum disorders. Research in
Developmental Disabilities, 33(5), 1408-1417.

Thomas, S., Lycett, K., Papadopoulos, N., Sciberras, E., &
Rinehart, N. (2015). Exploring behavioral sleep prob-
lems in children with ADHD and comorbid autism
spectrum disorder. Journal of Attention Disorders,
1-12.

Trickett, J., Heald, M., Oliver, C., et al. (2018). A cross-
syndrome cohort comparison of sleep disturbance in
children with Smith-Magenis syndrome, Angelman
syndrome, autism spectrum disorder and tuberous
sclerosis complex. Journal of Neurodevelopmental
Disorders, 10(9), 1-14.

Tse, C. Y. A., Lee, H. P, Chan, K. S. K., Edgar, V. B.,
Wilkinson-Smith, A., & Lai, W. H. E. (2019).
Examining the impact of physical activity on sleep
quality and executive functions in children with
autism spectrum disorder: A randomized controlled
trial. Autism, 23(7), 1699-1710.

Tzischinsky, O., Meiri, G., Manelis, L., Bar-Sinai, A.,
Flusser, H., Michaelovski, A., Zivan, O., Ilan, M.,
Faroy, M., Menashe, 1., & Dinstein, I. (2018). Sleep
disturbances are associated with specific sensory sen-


https://doi.org/10.1177/0883073812463069
https://doi.org/10.1007/s11920-015-0638-1
https://doi.org/10.1007/s11920-015-0638-1
https://doi.org/10.1177/1087054714554932
https://doi.org/10.1177/1087054714554932
https://doi.org/10.1002/j.1552-4604.1976.tb02406
https://doi.org/10.1002/j.1552-4604.1976.tb02406
https://doi.org/10.1093/sleep/31.3.395
https://doi.org/10.1093/sleep/31.3.395
https://doi.org/10.12968/hmed.2014.75.6.337
https://doi.org/10.1111/cns.12574
https://doi.org/10.1001/archpedi.162.4.336
https://doi.org/10.1001/archpedi.162.4.336

420

A. Galion et al.

sitivities in children with autism. Molecular Autism,
9(22), 1-10.

Williams Buckley, A., Hirtz, D., Oskoui, M., Armstrong,

M. J., Batra, A., Bridgemohan, C., Coury, D., Dawson,
G., Donley, D., Findling, R. L., Gaughan, T., Gloss,
D., Gronseth, G., Kessler, R., Merillat, S., Michelson,
D., Owens, J., Pringsheim, T., Sikich, L., & Ashwal,
S. (2019). Practice guideline: Treatment for insomnia
and disrupted sleep behavior in children and adoles-
cents with autism spectrum disorder. Autism Speaks.
https://doi.org/10.1212/WNL.0000000000009033

Williams Buckley, A., Hirtz, D., Oskoui, M., Armstrong,

M. J., Batra, A., Bridgemohan, C., Coury, D., Dawson,
G., Donley, D., Findling, R. L., Gaughan, T., Gloss,
D., Gronseth, G., Kessler, R., Merillat, S., Michelson,
D., Owens, J., Pringsheim, T., Sikich, L., et al. (2020).
Practice guideline: Treatment for insomnia and dis-
rupted sleep behavior in children and adolescents
with autism spectrum disorder: Report of the guide-
line development, dissemination, and implementa-

tion Subcommittee of the American Academy of
Neurology. Neurology, 94(9), 392-404. https://doi.
org/10.1212/WNL.0000000000009033

Wirojanan, J., Jacquemont, S., Diaz, R., Bacalman, S.,

Anders, T. F,, Hagerman, R. J., & Goodlin-Jones, B. L.
(2009). The efficacy of melatonin for sleep problems
in children with autism, Fragile X syndrome, or autism
and Fragile X syndrome. Journal of Clinical Sleep
Medicine, 5(2), 145-150. https://doi.org/10.5664/
jesm.27443

Young, D., Nagarajan, L., de Klerk, N., Jacoby, P,

Ellaway, C., & Leonard, H. (2007). Sleep problems
in Rett syndrome. Brain and Development, 29(10),
609-616.

Youssef, J., Singh, K., Huntington, N., Becker, R., &

Kothare, S. V. (2013). Relationship of serum ferritin
levels to sleep fragmentation and periodic limb move-
ments of sleep on polysomnography in autism spec-
trum disorders. Pediatric Neurology, 49(4), 274-278.
https://doi.org/10.1016/j.pediatrneurol.2013.06.012


https://doi.org/10.1212/WNL.0000000000009033
https://doi.org/10.1212/WNL.0000000000009033
https://doi.org/10.1212/WNL.0000000000009033
https://doi.org/10.5664/jcsm.27443
https://doi.org/10.5664/jcsm.27443
https://doi.org/10.1016/j.pediatrneurol.2013.06.012

	22: Treating Sleep Disturbances in Children with Developmental Disorders
	Introduction
	Sleep Disturbances in Children with ASD
	Sleep Disturbances in Children with Internalizing Disorders
	Anxiety
	Mood Disorders

	Sleep Disturbances in Children with Externalizing Disorders
	Attention-Deficit Hyperactivity Disorder
	Night Wakings in ASD and Developmental Disabilities (DD)
	Disruptive and Aggressive Behaviors


	Comorbid Conditions
	Respiratory Conditions
	Vision Impairment
	Epilepsy
	Down Syndrome
	Craniofacial Abnormalities
	Gastroesophageal Reflux Disease
	Neuromuscular Disorders
	Rett Syndrome
	Angelman Syndrome
	Smith–Magenis Syndrome
	Tuberous Sclerosis Complex
	Williams–Beuren Syndrome
	Prader–Willi Syndrome
	Neoplasms of the Central Nervous System
	Delayed Sleep Phase

	Molecular Basis of Sleep Disturbances in Children with ASD
	Interventions for the Treatment of Sleep Disturbance
	Behavioral Interventions
	Pharmacological Interventions
	Melatonin and Related Medications
	Alpha-2 (α2) Agonists
	Antipsychotic Medications
	Antidepressants
	GABA Receptor Agonists
	Anti-epileptic Medications
	Cannabis
	Antihistamines


	Clinical Pearls
	Conclusion
	References




