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Abstract Sleep problems are a commonly reported complaint
for individuals with an intellectual or developmental disability
(DD), with prevalence generally exceeding that reported for
individuals in the general population. Nevertheless, while
there has been an increase in interest in sleep problems in
children with autism spectrum disorder (ASD), sleep research
in very young children and older adolescents and adults with
ASD and sleep research in other DDs remains sparse. This
review examines articles investigating sleep in DDs, including
behavioural and melatonin interventions, published during
2012 and most of 2013, evaluating their contribution.
Overall, the majority of publications concern sleep in ASD,
and there remains a lack of research examining aetiology,
impact and intervention for sleep difficulties in populations
of individuals with other DDs. This is disappointing, given the
high prevalence of sleep difficulties in DD populations and the
negative impact they are known to have on individuals and
their families.
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Introduction

Sleep problems are common in individuals with a develop-
mental or intellectual disability (DD or ID) with higher prev-
alence rates than those in the general population [1, 2].

Reported rates of poor sleep range from 24 % [3] to 86 %
[1], however, these are affected by heterogeneous samples [4]
and varying definitions of sleep problems [5••]. These defini-
tions include parent-report or self-report (yes/no), researcher-
defined criteria using parent-report, self-report, sleep diaries,
actigraphy or polysomnography (PSG); exceeding cut-off
scores on sleep questionnaires; or meeting the current
Diagnostic and Statistical Manual of Mental Disorders [6] or
the International Classification of Sleep Disorders (ICSD-2)
[7] criteria for specific sleep disorders. Furthermore, many
sleep questionnaires are not designed for populations with
an ID or DD, and may not meet all desirable psychometric
criteria [8]. This review examines the contribution of non-
medical papers published in 2012–2013 to our understanding
of sleep problems and their psychosocial correlates in DD
populations, that is, heterogeneous groups of individuals with
an ID, or individuals with specific DDs.

Search Strategy

We examined sleep publications including PSG, actigraphy,
sleep diaries and questionnaires, and behavioural interven-
tions for sleep referring to ID and specific DDs. We excluded
medically-orientated papers and pharmacological interven-
tions other than melatonin. Sleep apnoea and sleep-
disordered breathing (SDB) were included if they were report-
ed within the range of sleep problems present, but medical
papers addressing sleep in these conditions were not included.
Both sleep apnoea and SDB are common in some DDs (e.g.,
Down Syndrome [DS], Prader Willi Sydrome [PWS]) [5••],
and can compromise daytime behaviour, memory and learn-
ing [9, 10], as well as general health [11].

We searched Current Contents Social and Behavioral
Sciences and Clinical Medicine databases, and PubMed over
22 months from January 2012, including “in press” articles.
The titles and abstracts of articles and reviews addressing
sleep in individuals with a DD or ID, regardless of age were
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examined. Forty-nine articles addressing sleep or sleep inter-
ventions were retained, eight of which were reviews; 31
articles addressed Autism Spectrum Disorder (ASD), and the
remainder a range of DDs. One book chapter was identified,
and one article was found in a reference list. Given the
preponderance of papers describing sleep in ASD, we exam-
ined ASD separately from papers on other DDs. Intervention
papers form the third section of this review.

Developmental Disabilities

Sleep research often includes ID of unknown origin, and a
range of developmental conditions with a specific, or pre-
sumed genetic basis, including DS, fragile-X syndrome,
ASD and a range of rarer conditions such as PWS, Williams
syndrome (WS), and Smith-Magenis syndrome (SMS). These
syndromes have specific behavioural phenotypes and co-
morbid medical conditions that may differentially affect sleep.
For example, individuals with SMS have an inverted melato-
nin rhythm, the neurohormone that organises circadian phys-
iology; almost all individuals with SMS have significantly
disturbed sleep-wake rhythms [12]; while obstructive sleep
apnoea (OSA) is a common, comorbid condition in DS asso-
ciated with anatomical abnormalities [13] and problems with
respiratory physiology [14•].

Sleep is a developmental phenomenon, with changes in
sleep EEG, total sleep time (TST), napping, sleep onset, and
sleep efficiency occurring across the lifespan [11]. Many DD
studies include samples with wide age ranges, including indi-
viduals from early childhood through to adulthood, which has
the potential to mask sleep difficulties associated with partic-
ular stages in development. Finally, an increased risk for sleep
disorders is associated with a range of biopsychosocial factors
that may impact negatively on the individual or their carers.
Therefore, descriptions of sleep in people with a DD and these
secondary associations, including physical and mental health,
behaviour and cognition, and the impact on families also
require consideration.

While sleep problems in children and adolescents are often
chronic [15] and, thus, are likely to continue into adulthood,
research on sleep in adults with a DD is limited. Research on
the prevalence and treatment of sleep disturbance in adults
with an ID (age 18+ years), and behaviours and health factors
associated with poor sleep, over the period 1999–2011 was
reviewed by van de Wouw and colleagues [16••]. The preva-
lence of settling, night waking and significant sleep problems
ranged from 8.5 % to 34.1 %. Sleep difficulties were associ-
ated with behavioural difficulties, health issues, medications,
and psychopathology; behaviourally based interventions and
attention to sleep environment showed some treatment bene-
fits. However, as in paediatric populations, many studies used
only subjective data, definitions of a sleep problem varied and

there were a limited number of intervention studies, most of
which were single case designs. The authors concluded that
information about sleep in adults with an ID was still limited,
as was the ability to provide appropriate clinical advice.

Following this review [16••], van de Wouw et al. [17•]
obtained sleep actigraphy data for 301 older adults with ID,
defining a sleep problem based on sleep latency and wake
after sleep onset (WASO). At least one sleep problem occurred
in 72 % of the sample, with night waking (90+ minutes) being
most common (63.1 %). Over a third of the sample averaged
11 or more hours, time in bed (TIB), but not necessarily
asleep. Other than being female, longer TIB was associated
with factors related to more severe disability including older
age, more severe ID, depression, living arrangements and
being in a wheelchair. Longer sleep duration and better sleep
efficiency were related to CNS medications. Thus, the use of
objectivemeasures and well-defined sleep criteria demonstrat-
ed a much higher rate of poor sleep in older adults with ID
than might be expected from their review [16••]. Insufficient
attention is paid to adult sleep-wake patterns in relation to
bedtime, wake time, and TIB, which is excessive. TIB may
relate to carer and care needs as opposed to sleep
requirements.

The same group [18] examined the sleep / wake rhythm in
501 older adults with ID compared with 58 older adults in the
general population, finding that adults with ID were more
likely to have fragmented rhythms of lower amplitude and
lower stability. Rhythm abnormalities were associated with
health-related factors including dementia, sensory impair-
ments, epilepsy and spasticity. This suggests that health fac-
tors, in conjunction with ID, present a greater risk for break-
down in the perception of cues that synchronise and maintain
the sleep/wake rhythm in older adults with ID as compared
with healthy elderly people in the general population. The
sleep issues for elderly people with ID as highlighted here
[17•, 18] have implications for health care and consideration
of activities that may promote better sleep. Physical activity
was associated with more stable sleep / wake rhythms [18].

A recent review [19••] of sleep in children with a DD,
excluding ASD, focussed on: (1) The frequency and type of
sleep disturbance occurring in both specific and heteroge-
neous populations with a DD; and (2) the tools used to assess
sleep. The prevalence of sleep problems across disorder
groups differed little; on average, two thirds of children had
a sleep problem except children with neurodegenerative dis-
orders where the rate was 90–100 %. Multiple sleep distur-
bances were common, often severe, and chronic compared
with typical populations. No single type of sleep disturbance
was exclusively linked to a specific syndrome, but severity of
brain impairment was associated with increased sleep distur-
bance. Based on ICSD-2 [7] sleep disorder criteria, all the
studies reviewed reported insomnia (sleep onset and mainte-
nance difficulties). Other sleep disturbances commonly
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reported for two or more DDs included: (1) SDB, (2)
hypersomnia/excessive daytime sleepiness (EDS), (3) im-
paired circadian rhythmicity, (4) parasomnias, and (5) sleep-
related movement disorders; reduced TST was also reported.
Over half the reviewed studies used questionnaires, none of
which had been standardised for children with a DD or mul-
tiple disabilities. Furthermore, the definition of a sleep prob-
lem also varied across studies [19••]. The complexity of sleep
problems in DD underscores the need to use standardised
sleep measures and classificatory systems such as the ICSD-
2 to define sleep difficulties [5••, 19••].

Several papers examined sleep in DS or compared sleep in
children with DS to sleep in children with other DDs. Sleep
problems in DS are estimated at 31–54 % [14•], which is
below the average reported across DDs [19••]; additionally
OSA, insomnia symptoms and EDS are common. Comorbid
health-related conditions, psychiatric comorbidities, and med-
ications may contribute to more severe sleep difficulties in DS
[14•]. A comparison of sleep in 22 children with DS, all with
full trisomy (21); 24 children with WS, which is associated
with deletions on chromosome 7q, and 52 typically develop-
ing (TD) children using actigraphy, sleep diaries, and the
Children’s Sleep Habits Questionnaire (CSHQ) showed some
disorder-specific differences in sleep [20••]. On actigraphy,
children with DS had longer WASO, lower sleep efficiency,
and more movement and sleep fragmentation than the other
children, and they spent longer in bed than TD children.
However, children with WS had longer sleep latencies than
other children and TD children went to bed later. Children
with DS also had a worse CSHQ total sleep score, including
more parasomnias, sleep anxiety, SDB and night waking than
other children, while WS children had worse sleep onset
delay, poorer sleep duration and higher night waking scores
than TD children. Thus, children with DS had the poorest
sleep, with sleep latency being the most problematic issue for
the WS children [20••].

Sleep in 100 individuals (25 per group) with DS (4.2–
41.5 years); Cri du Chat syndrome (CDC) (3.8–28.5 years),
which is associated with a chromosome 5p deletion; Jacobsen
syndrome (JS) (3.9–25.1 years), which is associated with
chromosome 11q terminal deletion; and non-specific ID
(4.0–31.6 years) were examined using the Modified
Simonds and Parraga sleep questionnaire (MSPSQ). Most
individuals lived with their families [21•]. Snoring was the
most common problem in the three specific DDs. JS individ-
uals had the most sleep problems overall, with significantly
more sleep-related complaints than those with DS.
Restlessness, limb movements and startles characterised JS
sleep complaints. While severe sleep problems were uncom-
mon, they were more prevalent in the JS group. The groups
were not matched on gender, and the wide age range was
problematic, with the average age of all participants being in
adolescence; the age spread covers significant developmental

changes in sleep. Problematic snoring in DS is consistent with
SDB and OSA in DS [5••, 14•].

PWS is associated with chromosome 15q abnormalities of
paternal origin with associated physical features, hypotonia
and hypothalamic dysfunction; individuals are likely to have
OSA, which may be central in origin, snoring and EDS [5••].
A small study examined the sleep of eight children with PWS
(median 8.8 years) and 16 TD children (median 9.1 years)
using actigraphy, a sleep diary, and sleep questionnaires [22].
Children with PWS had significantly more daytime sleepi-
ness, shorter sleep latency, and longer WASO, but not in-
creased night waking frequency compared to the TD children.
Daytime sleepiness is consistent with previous research
reporting EDS [5••]. Another chromosome 15q disorder of
maternal origin, Angelman’s syndrome (AS), is also associat-
ed with significant sleep disturbances, including insomnia,
parasomnias, breathing difficulties and daytime sleepiness
[5••]. A sleep study using PSG (n=14), actigraphy (n=10)
and the CSHQ (n=15) with 16 children with AS (2–16 years)
found extended sleep latency (mean>30 minutes), periods of
night waking of an hour or more, increased sleep fragmenta-
tion, and reduced TST. Scores on the CSHQ exceeded nor-
mative values for the total score and all subscale scores [23•].
Thus while both these chromosome 15 disorders are associat-
ed with poor sleep quality, the aetiology of the poor sleep may
differ, and OSA appears to be a feature of PWS but not AS.

Cognition and Behaviour

Intellectual impairment present in those with a DD can vary
from profound intellectual disability to above average intel-
lectual functioning, depending on the disability. Both signifi-
cant daytime behavioural problems and more severe levels of
cognitive impairment are associated with increased risk of
sleep difficulties in those with a DD [3]. Research in TD
populations has implicated sleep as important for cognition,
executive function, memory, and academic performance [10,
24]. In particular, both SDB and OSA are detrimental to
attention [25], neurocognitive functioning and academic per-
formance in children [10, 24] and adults [26]. Thus, IQ is a
potential confounding factor for sleep problems in DD popu-
lations, and there is a need to understand any impact of poor
sleep on daytime functioning in individuals with a DD.

Ferndez and Edgin [9] hypothesised that the presence of
disrupted sleep, resulting from SDB and OSA from a very
young age in individuals with DS may compromise brain
development and function, contributing to cognitive decline
over time. Thus, “sleep disruption” may contribute to “path-
ological aging” (p. 3) in DS, in particular the neurological
effects of OSA may lead to increased brain beta-amyloid
deposits associated with Alzheimer’s disease [9]. The impact
of poor sleep (Simonds and Parragara questionnaire) and OSA
on cognitive function in 29 adolescents and young adults with
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DS was examined; verbal fluency was associated with insom-
nia, daytime behaviour and sleepiness were associated with
inhibition, and OSAwas associated with both verbal fluency
and inhibition [13]. More severe OSA was also related to
increased BMI. Thus, poor sleep quality and OSA impact
negatively on cognitive performance in DS. Treatment of
sleep problems in DS may lead to improved cognitive func-
tion, including preventing later cognitive decline [9, 13].

In a group of 14 (all measures) to 18 (sleep questionnaire)
children with WS (15.4- to 48-months), shorter night sleep
was related to language development with additional variance
being explained after age was accounted for [27]. The WS
children slept less, woke more often, and were more likely to
co-sleep than TD children; WS parents were significantly
more likely to say their child had a sleep problem [27]. A
decrement in learning performance (finger-tapping task) was
reported for 14 children with WS (6–11 years) compared with
age-matched TD children who improved [28] following sleep.
This performance difference was attributed to the sleep prob-
lems evident in the WS group (actigraphy and CSHQ).
However, task performance was initially much lower in the
WS than the TD group and may indicate failure of the WS
children to sufficiently consolidate the task during the initial
learning period.

Two reviews also examined the potential effects of sleep
difficulties on early development [29] or on cognitive function
and academic performance [30], arguing that screening for
sleep problems should occur within early intervention (EI)
[29] and special education [30]. Bonuck and Grant [29]
contended that significant sleep problems fell within eligibil-
ity criteria for EI as early treatment of childhood sleep prob-
lems could prevent developmental problems. While the as-
sessment of poor sleep, the provision of parent education
about children’s sleep and appropriate referrals for sleep in-
tervention within EI programs are important aims, the inclu-
sion of disordered sleep as an eligibility criterion for EI
services seems problematic as sleep disturbance is common
in children under 6 years, regardless of developmental delay
[31]. Despite the known associations between poor sleep and
cognitive performance and academic achievement, research
on the impact of improved sleep on the daytime performance
of children with a DD is lacking [30]. Health risk factors (e.g.,
asthma, obesity) and lower socioeconomic status are also risk
factors for poor sleep [30], and should be considered; these
also independently contribute negatively to daytime perfor-
mance [11].

Health-Related Conditions

Insomnia is also a symptom of psychopathology, particularly
anxiety and depression [6, 32]. Disrupted sleep associated
with shift work and OSA increases risk for medical conditions
including diabetes, cardiovascular conditions, obesity,

alcoholism and psychiatric disorders [11]. Disturbed sleep is
also associated with chronic medical conditions including
those causing nocturnal pain, epilepsy, and asthma [32].
Doran et al. [33] reviewed a range of medical and psycholog-
ical factors that are associated with, or exacerbated by poor
sleep, which should be considered when examining sleep in
individuals with a DD. Psychological factors include mood,
attention, executive function, motor skills and learning.
Therefore, sleep disturbances can be harmful to health and
daytime functioning, and may harm development [32]; un-
treated sleep issues have the potential for a range of negative
medical and psychological impacts on individuals with a DD.

One health-related study [34••] examined BMI, physical
activity, sedentary behaviours (screen use), sleep timing and
hours slept in 410 adolescents (mean age 15.1 years) from
schools or classes for those with an ID. Based on adolescent
(n=381) sleep and rise times, four groups were identified:
15 % early bed/early rise; 43 % early bed/late rise; 15 % late
bed/early rise; 27 % late bed/late rise. Early bed/late rise
adolescents averaged 10.5 hrs sleep and late bed/early rise
adolescents averaged 7.7 hours sleep with the other groups
averaging about nine hours. Late sleepers had increased
screen time, were more likely to be overweight or obese,
and were less physically active. After adjusting for sleep
length, the lowest risk for overweight plus obesity was in the
early bed/early rise group, while the late bed/late rise group
had the highest risk of obesity plus overweight, with rates of
13.6 % and 22.5 %, respectively, in each group, but both
groups had similar TST. Results indicated that in adolescents
with ID, sleep timing is more indicative of overweight/obesity
than is sleep length; early bed/early rise adolescents were
more active. This is consistent with reports that the timing of
sleep [35] rather than short sleep [36] may be the more
important risk factor for overweight/obesity in typical
adolescents.

Families

The impact of poor sleep on individuals and their families can
also be significant. In particular, mothers are more likely to
report problematic sleep and daytime fatigue. Mothers of TD
children with sleep problems are more stressed and are at
greater risk for psychopathology [37]. In children with a
DD, mothers have more sleep difficulties associated with
higher levels of anxiety, depression and stress [38, 39].
Parents of children with DD and sleep difficulties also report
concern, not only about their child’s sleep but also the disrup-
tion caused to the sleep of other family members [40].

In children with AS (2–16 years), actigraphic measurement
of parents’ sleep showed that night waking and sleep frag-
mentation were associated with child sleep duration (CSHQ),
while parent stress was related to children’s variable night
sleep times. The child’s sleep latency was associated with
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parents’ daytime sleepiness and insomnia [23•]. Further, in
children with WS, children’s night waking was associated
with poorer maternal sleep and higher depression scores
[27]. Overall, poor child sleep is detrimental not only to the
child with DD but also to familymembers, especiallymothers.

Conclusions

Recent papers reinforce that poor sleep quality is a common
feature of DDs, regardless of age or disorder, with the poten-
tial to have significant negative impacts on individuals and
their families. Like children with a DD, older people with ID
appear to be at greater risk of disturbed sleep than in the
general population. While symptoms of insomnia are com-
mon across DDs, biological factors associated with some DDs
predispose individuals to sleep disorders such as EDS, SDB
and OSA. Furthermore, there may be disorder-specific trends
in sleep difficulties, with a greater prevalence of sleep onset
difficulties in WS, overall poor sleep quality with long sleep
latency and lengthy WASO duration occurring in AS, and
restless sleep/movement occurring in JS. While both PWS
and AS are chromosome 15 disorders and are associated with
daytime sleepiness, the aetiology of daytime sleepiness differs
in the two disorders. Thus, while there are no clear, disorder-
specific sleep problems, examining poor sleep in heteroge-
neous samples of individuals with an ID or DD may mask
aetiological factors that have important implications for pre-
vention and treatment.

Autism Spectrum Disorder

Characterisation

Sleep problems in ASD are common and begin at a young age
[5••], but when sleep begins to diverge from that found in TD
children is unknown. According to a recent longitudinal study
[41••] significant differences between parent-reports of sleep
in children with ASD and TD children begin to emerge at the
age of 30 months; however regulatory problems, including
sleep, appear to concern parents even prior to diagnosis [42].
Humphreys and colleagues [41••] study showed a trend for
children with ASD to have reduced TST and increased night
waking episodes, which persisted into adolescence. Self-
reports of sleep patterns and associated behaviours in adoles-
cents with high-functioning autism spectrum disorder
(HFASD) showed that these adolescents had more symptoms
of insomnia, significantly lower sleep efficiency, more fatigue
and a trend towards reduced TSTcompared with age-matched
and gender-matched TD controls [43•]. These findings are
consistent with a large parent-report study showing more
problems with sleep onset, decreased TST, and daytime sleep-
iness in adolescents with ASD [44]. Therefore, recent

findings, including self-report, continue to support that sleep
problems in ASD start at a young age and persist into
adolescence.

Children with ASD experience a high prevalence of sleep
onset problems compared to children with other DDs, but not
WASO, potentially differentiating them from other DD groups
[40]. Consistent with previous research, children with ASD
had significantly shorter WASO duration compared to chil-
dren with ID [45], and were more likely to experience sleep
onset insomnia than children with ADHD, epilepsy, and typ-
ical development [46], and slept less within a 24-hour period
than children with ID and TD children [45]. Children with
ASD did not differ from children with ADHD on parent-
reports of current and lifetime sleep problems [46], which
may relate to both the high prevalence of sleep problems in
ADHD [47] and the comorbidity of ASD and ADHD [48].

Child Functioning and Family Impacts

Sleep problems in children with ASD have been associated
with children’s challenging daytime behaviours, academic
achievement, and mental health. They also have a negative
impact on the sleep patterns and mental health of parents [5••].
Several new papers addressed these issues in 2012.

Both poor sleep quality and reduced TST were associated
with poorer cognitive abilities, socialization, adaptive behav-
iours, and communication skills from infancy to adolescence
in children with a diagnosis of autism or Pervasive
Developmental Disorder-Not Otherwise Specified; addition-
ally dysfunction in adaptive behaviours worsened as the se-
verity of the sleep problem increased [49]. Nevertheless,
poorer socialization and communication skills are related to
sleep problems (regardless of severity) in children with ASD
[50]. Extending these findings, Tudor and colleagues [51]
found that sleep onset delay was the strongest predictor of
an Autism Index (AI) score; longer sleep onset duration was
associated with a higher AI score. Moreover, higher scores on
the communication and repetitive stereotyped behaviour
(RSB) domains on the ADI-R have been related to bedtime
resistance and insomnia in children and younger adolescents
with ASD [52]. Therefore, more severe behaviours associated
with an ASD diagnosis may be associated with the manifes-
tation of sleep disturbances or vice versa.

Mothers of children with ASD also experience poor sleep
[53]. Mothers of 90 children with ASD (4–12 years) and 90
TD children of the same age participated in a study examining
mothers’, and children’s sleep as well as mothers’ mental
health [54]. Children’s sleep directly affected mothers’ stress,
sleep quality and mental health, with mothers’ stress and sleep
also mediating the effect of child sleep on mental health for
both groups. ASD acted as a moderator of the child’s sleep and
maternal stress relationship and the relationship between
mothers’ stress and sleep, suggesting that the child’s sleep is
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only one of many sources of stress for ASD mothers. Sleep in
children with ASD is associated with significant behaviour
difficulties [5••], while behaviour difficulties are associated
with parent stress [55]. Thus, it may be that some of the
variance in maternal mental health and maternal stress are
accounted for by child behaviour difficulties as well as child
sleep where the child has ASD.

Psychopathology

Both anxiety and depressive disorders are common comor-
bidities in individuals with ASD [56] and researchers report
associations between sleep disturbances and internalising and
externalising problems [45, 50, 52]. In children with ASD,
self-reported poor sleep was significantly associated with
affective problems, somatic panic, anxiety, separation anxiety,
and depression scores [57•], while assessment of the predic-
tors of CSHQ-23 scores in 1,583 children and adolescents
with ASD showed that anxiety was the strongest predictor of
sleep disturbance [58•]. This relationship requires further con-
sideration, as it is likely to be bi-directional, with poor sleep
exacerbating symptoms of anxiety [58•], however it is consis-
tent with a recent report that CSHQ predicted internalising
scores in children diagnosed with an anxiety disorder [25].

Cognition

Studies of sleep disturbance in adults with ASD or the impact
of sleep on cognition in ASD are uncommon, but one paper
[59••] assessed the relationship between poor sleep, as mea-
sured by PSG, and daytime cognitive performance in adults
with autism. Poor sleep and performance was similar between
groups on a selective attention task, however, the ASD group
differed on sensory-motor and cognitive procedural memory
tasks. ASD participants performed worse on these latter tasks
suggesting that the relationship between sleep and perfor-
mance for non-verbal tasks is not necessarily linear [59••].
The authors propose that research needs to further clarify
whether poor performance is related to autism diagnosis, poor
sleep or a combination of both.

Aetiology

Sleep problems may be behaviourally based, be exacerbated
by poor sleep hygiene practices, be related to comorbid psy-
chopathology, or may be related to biological factors or core
features of ASD [5••]. Current research investigating the
aetiology of sleep disturbance in ASD is limited, but recent
research is promising.

Sleep hygiene is an important consideration when examin-
ing the causes of poor sleep in DDs [60]. A new study has
assessed the effect of in-room gaming systems, computers and
television in boys with a diagnosis of ASD, ADHD or who

were TD children [61•]. Consistent with previous research in
TD children [62], the researchers found that in-room gaming
systems have a negative impact on sleep regardless of child-
hood disability. However, in-room televisions and computers
had a more severe impact on the boys with ASD than on
ADHD or TD boys. The results emphasise the contribution of
electronic devices to poor sleep hygiene and the need to
remove such devices from bedrooms.

Several studies examined potential medical or biological
factors that might contribute to poor sleep in ASD. An inves-
tigation of the relationship between serum ferritin levels and
sleep disturbance in children with an ASD indicated that
children with ASD had significantly lower serum ferritin
levels compared to control children [63]. Additionally, levels
were lower in ASD children with Periodic Limb Movement
Disorder (PLMD) and sleep fragmentation. Children with
ASD may not obtain optimal levels of iron from dietary
intake, which may have a negative impact on their sleep,
due to an association between iron intake and leg movements
and restless sleep [64]. In ADHD children, low serum iron has
been associated with disturbed sleep including sleep move-
ments [65].

GI problems are commonly reported in children with ASD
and children with DD [66]. Two recent studies [58•, 67]
reported that GI problems significantly predict sleep distur-
bance in children with ASD. Specifically, abdominal pain
predicted sleep anxiety, while under-eating and GI symptoms
predicted parasomnias in children and adolescents with ASD
[67]. Further, GI problems including constipation and diar-
rhoea predicted CSHQ-23 total scores and sleep anxiety [58•].
Further research is required to clarify the relationship between
GI problems and sleep disturbance in ASD.

Alterations in cortisol secretion have been reported in
individuals with ASD [68, 69], suggesting that the stress
response may be altered in ASD; stress response is related to
anxiety, which can be incompatible with good sleep quality
[11, 70]. The assessment of sensory processing, physiological
stress, and behaviours in children with ASD and TD children
indicated that poor sleepers (regardless of group) had in-
creased afternoon cortisol levels and higher cortisol reactivity
at each time point after a sensory challenge. The greatest
difference occurred 25 to 30 minutes post-challenge [71•]
and increased sensory sensitivity was associated with higher
afternoon cortisol levels. The authors concluded that height-
ened levels of afternoon salivary cortisol may be a neuroen-
docrine response to sensory stresses occurring throughout the
day, and subsequently related to poor sleep. Thus, heightened
anxiety and sensory sensitivities may exacerbate sleep prob-
lems in children with ASD. Furthermore, sensory sensitivities
have been shown to predict sleep disturbance in children with
ASD [58•].

Given that ASD has a strong genetic component, with a
7 % recurrent sibling risk-rate [72], whether or not poor sleep
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is familial may assist in assessing developmental risk. In a
study comparing high-risk and low-risk siblings [73•], more
high-risk siblings were reported by parents to have borderline
clinical or clinical scores for sleep problems, anxiety, depres-
sion, somatic complaints, and aggressive behaviours com-
pared to low-risk siblings. Further, both children with ASD
and unaffected siblings were more likely to have parent-
reported early insomnia compared to TD children [74].

Conclusions

Given research over the past 20 years, our knowledge of sleep
and ASD has not progressed as much as might be expected.
Research now strongly supports the notion of increased sleep
problems in individuals with ASD [5••, 75]. However, recent
literature continues to focus on children and adolescents with
very little being known about infant and adult sleep problems
in this population. Further, investigation of the underlying
aetiology of sleep problems is lacking; however, recent re-
search is promising. In line with past research [76] and given
the heterogeneity in the presentation of ASD, current research
supports the notion of multiple aetiologies [76]. Sub-groups of
individuals with ASD may exist based on the aetiology of the
sleep disturbance. Firstly, individuals with ASD may experi-
ence sleep problems due to biological abnormalities. This is
supported by research showing disrupted sleep in first-degree
relatives with ASD and melatonin dysregulation in this pop-
ulation. Secondly, core features of ASD such as RSBs, senso-
ry sensitivities, and increased symptom severity may disrupt
sleep. Lastly, the presence of anxiety and depression may
result in poor sleep. In determining the underlying aetiology,
appropriate sleep intervention and treatment techniques can be
developed. Understanding the evolution of sleep problems
and any existing subgroups may also serve as red flags for
the surveillance of young children’s development.

Intervention

Sleep treatment research is lacking for individuals with DDs
[5••, 16••], and often lacks long-term evaluation. Stores and
Stores [14•] concluded that sleep interventions for children
with DS are needed in order to alleviate both family and child
difficulties. Related to the issue of treatment is that of assess-
ment, without appropriate assessment, appropriate interven-
tions cannot be implemented. A medical assessment for any
underlying health issues affecting sleep, and to assess prob-
lems such as SDB and OSA is needed and an assessment of
the presenting sleep problem using valid tools is required; a
screening questionnaire and sleep diary will begin to illumi-
nate the sleep issues. Actigraphy, a non-invasive and objective
measure of sleep, in conjunction with a sleep diary can

provide a relatively simple objective measure of sleep [77]
but may not be tolerated by some individuals [78••].

Sleep Measurement

Much research on sleep in individuals with a DD is based on
caregiver-report or parent-report. A recent review [79••] on
sleep assessment tools in children with ASD urges caution
when interpreting results, which have been obtained solely by
parent report, as parents are likely to focus on what they
believe to be most problematic. While parents have been
reported as being able to accurately report sleep latency,
measures of TST, WASO, and sleep efficiency are often not
as reliable [79••]. The use of multiple assessment tools includ-
ing objective sleep measures such as actigraphy when inves-
tigating sleep in ASD has been emphasised [79••], and this is
valid for other DDs. Videosomnography is also recommended
as it is a relatively non-invasive objective measure of sleep
with good reliability at detecting important sleep parameters
(WASO, latency, sleep efficiency) [79••]. Where possible,
self-reports of sleep are also important. Richdale and Baglin
[57•] found better child-parent agreement on sleep disturbance
for ASD children (70.6 %) than TD children and parents
(60 %). Further, older children, adolescents and adults are less
likely to disturb their care-givers’ sleep, consequently, care-
givers may not be aware of lengthy sleep onset delays or
WASO episodes [80].

Nevertheless, parent-questionnaires or caregiver-
questionnaires are important in sleep research as they can
provide important information regarding behaviours sur-
rounding sleep difficulties such as bedtime resistance and
can be a valid screening tool for further assessment.
However, many sleep questionnaires do not meet all 11 psy-
chometric criteria for sound instruments, including the CSHQ
and the original Simonds and Parraga questionnaire [8], and
may not have been standardised for DD populations [19••].
Nevertheless, a recent comparison of the CSHQ and the
MSPSQ for parent-reported sleep problems in ASD found
that the MSPSQ had good internal consistency and high
sensitivity and specificity, which was equal to the CSHQ [81].

Two new papers examined the use of actigraphy [78••, 82].
Of an initial 563 older adults with ID, 179 would not wear an
Actiwatch due to caregiver fears of loss or damage, or resis-
tance or refusal by the individual with ID [78••]. The device
was successfully worn by 92.3 % (n=382) of adults, but only
200 of these participants had a successful sleep measurement,
mostly due to failure to use the event marker button.
Depending on the sensitivity setting used for analysis, there
was an hour’s difference in TST and WASO, indicating that
attention to sensitivity settings is needed. In order to deal with
issues of compliance, the second paper [82] examined the
placement of Actiwatches in custom-made shirt shoulder
pockets, as compared with typical wrist placement in eight
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boys with ASD (6–10 years). Sleep latency showed best
agreement for the two placements, with no systematic bias
towards one placement for either latency or TST. The authors
concluded that shoulder-pocket placement may be a useful
alternative to obtain actigraphy measurements in children if
compliance to wrist measurement is poor.

As well as sleep measurement, appropriate assessment of
the sleep problem and clear practice pathways for health
professionals is needed to assist the practitioner in identifying
sleep issues and formulating an appropriate treatment ap-
proach. Malow and colleagues [83••] published a practice
pathway for the assessment and treatment of insomnia in
ASD including a free Sleep Toolkit for parents (http://www.
autismspeaks.org/). Recommendations are that all children
with ASD be screened for insomnia; potential medical
contributions to insomnia, with treatment if they are
identified; and the willingness of families to use a sleep
education program teaching about sleep and behavioural
approaches to intervention, followed by its implementation.
For children who do not respond to this approach either
medication or referral to a sleep specialist is recommended.
One-year follow-up is also recommended for all children
initially screened [83••]. This structured approach to evaluat-
ing and treating problematic sleep has much to recommend to
practitioners working with individuals with DDs who present
with insomnia or other symptoms of disordered sleep.

Behavioural Intervention

Common settling and night waking issues in individuals with
a DD are likely to be behaviourally based [5••, 16••].
Behavioural interventions have some empirical support [5••,
84] and should be based on a thorough functional assessment
[85]. Several recent papers evaluated the efficacy of behav-
ioural interventions for sleep problems in children with a DD.
In the largest study [86•], families of 80 children (2–10 years)
with ASD and sleep onset insomnia participated in a multi-site
sleep education program based on Reed et al. [87]. Families
were randomly allocated to an individual (1×1-hour session,
two follow-up phone calls) or a group of two to four parents
(2×2-hour sessions, two follow-up phone calls) for program
delivery. The program covered sleep education and behav-
ioural approaches to treatment, and within group sessions,
individualised time for family needs. Mode of delivery did
not affect outcomes. At 4-weeks post-intervention actigraphy
showed significantly reduced sleep latency (18.6 minutes)
across the combined delivery groups, and a significant but
small improvement in sleep efficiency. All CSHQ insomnia-
related subscales improved as well as improvements in child
behaviour and sense of parenting competence, and post-
program evaluation showed high parent satisfaction.

A second paper reported a RCT using a 5-session,
manualised behavioural parent training (BPT) program, as

opposed to a parent education program about ASD, with 40
children (2–6 years) with ASD and a range of insomnia
symptoms [88]. There were significant reductions by parent
report on the Simonds and Parraga Composite Sleep Index
scores for 15 children completing the intervention, compared
with 18 children randomised to the parent education condi-
tion; however, no significant changes in actigraphy parame-
ters occurred in either group. Parent satisfaction with both
programs was high.

Three papers provided evidence of the effectiveness of
individually tailored behavioural interventions to address of-
ten long-standing sleep problems in children with a DD. The
effectiveness of the Sleepwise program [89], a manualised
BPT program, for seven children (2–6 years) with ASD or
ASD characteristics was evaluated [90]. This program con-
sists of a pre-treatment consultation and measures, including a
sleep diary; three, 2-hour parent workshops, ongoing support
while treatment is implemented, and follow-up. Parents are
educated about sleep, child-behaviour management, and be-
havioural approaches to modifying children’s sleep. A sleep
plan is developed and implemented for each child. Post-
treatment, the CSHQ total score and night waking (sleep
diary) reduced significantly, with a non-significant reduction
in sleep latency. Additionally, there was a reduction in daytime
behaviour problems as measured by the Developmental
Behaviour Checklist (DBC) total score. Only one child did
not maintain their sleep improvements at a 1-month follow-
up: Parents approved of the program.

Five children with AS (2–11 years) received a novel be-
havioural treatment for persistent insomnia delivered to par-
ents via video telehealth or phone [91•]. Following baseline
sleep data collection, a 3-component intervention tailored to
each child was implemented, with 1-month and 3-month
follow-up. The child’s sleep environment and sleep schedule,
and parent-child interactions were addressed. Sleep was
assessed using the abbreviated-CSHQ, a sleep diary and
actigraphy with visual and statistical analysis of primary sleep
and behaviour (DBC) variables. Children learned to sleep
independently and behaviour (DBC) improved with these
changes maintained at follow-ups. Actigraphy showed an
average 30-minute increase in TST, and a 5-minute reduction
in sleep latency. The CSHQ total score also reduced signifi-
cantly and parents approved of the intervention.

Similarly, using a non-concurrent multiple baseline design,
with functional assessment of the children’s sleep problems
following baseline, two children with ASD (aged 9 years) and
one TD boy (aged 7 years) received individual behavioural
interventions addressing their specific sleep-related behav-
iours [92•]. Families were provided with an individual 2-
hour training session to review the treatment strategy devel-
oped and regular feedback. Sleep was monitored using sleep
diaries and infrared video. Sleep latency and night waking
improved for all children, as did behaviours that were
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incompatible with sleep. Children’s sleep goals were generally
met and parents approved of the program. Additionally, the
two children with ASD ceased taking sleep medication.

Melatonin

Dysregulation of the melatonin rhythm has been shown in
ASD populations [93, 94], consequently, studies investigating
the efficacy of melatonin in treating sleep disturbance in ASD
are beginning to emerge. Meltonin has also been used to treat
sleep problems in children with DDs [5••]. A recent double
blind randomised controlled trial (RCT) [95••] of immediate-
release melatonin, beginning at 0.5 mg, titrated if necessary
(maximum dose 12 mg), in children with DDs, including
ASD, found that melatonin significantly reduced sleep laten-
cy, but not TST, WASO or sleep efficiency. Further, at the end
of the 12-week trial children taking melatonin woke signifi-
cantly earlier than the placebo group suggesting that melato-
nin may have phase advanced the sleep/wake rhythm.

A second double blind RCT [96••] using a fixed dose of
3 mg of controlled-release melatonin randomly assigned chil-
dren with ASD (4–10 years) to one of four groups (melatonin
+ CBT [cognitive-behavioural therapy], melatonin alone,
CBT alone, or placebo) found a trend for the combined treat-
ment group to experience the greatest improvement in sleep
parameters. In comparing melatonin alone and CBT alone,
melatonin was more effective in improving bedtime resis-
tance, sleep onset delay, and night wakings, while CBT alone
was slightly more effective in reducing sleep anxiety.

Conclusions

These new studies support previous research that both behav-
ioural interventions and melatonin can be useful treatments for
insomnia in DDs [5••]. It is not clear that an adequate func-
tional assessment was conducted in all the behavioural inter-
vention studies, and there was no long-term follow-up.
However, these studies indicate that individualised behaviour-
al approaches, manualised BPT programs, and phone and
telehealth delivery can improve or resolve common sleep
complaints associated with insomnia. The impact of treatment
on daytime behaviour is less clear as the DBC (used to
measure behaviour) contains questions about sleep and it is
not clear that these were removed from analyses.

The melatonin studies suggest that melatonin also needs to
be tailored to specific individual needs. Controlled-release
melatonin is likely to be more appropriate for those individ-
uals who have significant issues with WASO while
immediate-release may be more appropriate for those with
sleep onset delay problems; however, further research is need-
ed. Further, those individuals who are experiencing co-morbid
psychopathologies should also be considered for receiving
CBT or other appropriate treatment for their psychological

disorder. Treating sleep disturbance or psychopathology in
isolation is unlikely to alleviate either of the problems as they
are generally interrelated.

Conclusions

Stores’ 1992 sleep review [4] drew attention to several funda-
mental issues concerning sleep disturbance in DD popula-
tions. These included: (1) the need to consider the clinical
and psychosocial aspects of poor sleep, not just its physiolog-
ical aspects; (2) separate examination of specific, clinically
defined sleep disorders; (3) comparison of the different types
of sleep problems with those found in TD children, as well as
an examination of specific DDs; and (4) the impact of poor
sleep on daytime functioning and cognition. Ten years later,
Stores [32] called for professional education and recognition
and treatment of sleep disturbances in at risk children, includ-
ing children with a DD. Material reviewed here suggests that
his [4, 32] recommendations remain relevant today.

Most research on sleep in DDs assesses children and youn-
ger adolescents; there is little research assessing sleep in very
young children, older adolescents, or adults. Where adoles-
cents or adults are included, it is often within samples includ-
ing younger children, thus masking the developmental aspects
of sleep. For example, with the onset of puberty, marked
changes in sleep patterns occur [97]. Sleep disturbance in
individuals with a DD can begin at an early age [41••] and
continue into adolescence [43•], adulthood and old age [17•].
The incidence of psychopathology during adolescence is in-
creased, there is a high rate of anxiety and depression in
individuals with ASD, and psychopathologies and sleep dis-
turbance are associated [56, 70, 98, 99]. Similarly, health
issues frequently associated with DDs may impact on sleep.
Thus, more attention should be paid to the contribution of
comorbid anxiety, depression, and medical conditions to poor
sleep in individuals with a DD.

Although it is now emerging, there remains little research
comparing specific DDs, while available research suggests
that some sleep issues are more common in some disorders
than in others. Children with WS and ASD appear to have
sleep onset difficulties; like children with ADHD [11], chil-
dren with JS have limb movements and restless sleep; and
children with DS and PWS have high risk for OSA. Whether
or not the aetiology of these topographically similar com-
plaints is the same is a question for research and has implica-
tions for prevention and treatment. At present, treatment re-
search primarily addresses insomnia and exploration of the
impact of sleep problems on families is limited. The impact of
variables such as behavioural and medical issues associated
with DDs, family supports, and SES on children’s sleep
remains largely unexplored.
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Much still needs to be done in standardising our approach
to understanding the aetiology and impact of sleep problems
and their evaluation and treatment in DD populations. This
includes examining discrete developmental disorders rather
than heterogeneous samples, and specific developmental pe-
riods rather than age ranges across developmental periods.
Research examining sleep in ASD has expanded significantly,
but publications include reviews or tend to reinforce previous
findings rather than extending our knowledge, while for other
DDs research remains disappointingly sparse.
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