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ABSTRACT
Objective To investigate longitudinal sleep patterns in
children with autistic spectrum disorders (ASDs).
Study design Prospective longitudinal study using
Avon Longitudinal Study of Parents and Children, an
English cohort born in 1991–1992. Parental reports of
sleep duration were collected by questionnaires at 8 time
points from 6 months to 11 years. Children with an ASD
diagnosis at age 11 years (n=73) were identified from
health and education records.
Results From aged 30 months to 11 years old, children
with ASD slept for 17–43 min less each day than
contemporary controls. No significant difference in total
sleep duration was found in infancy, but from 30 months
of age children with ASD slept less than their peers, a
difference that remained significant after adjusting for
sex, ethnicity, high parity and epilepsy. The reduction in
total sleep was wholly due to changes in night rather
than daytime sleep duration. Night-time sleep duration
was shortened by later bedtimes and earlier waking
times. Frequent waking (3 or more times a night) was
also evident among the children with ASD from
30 months of age. Age-specific decreases of >1SD
within individuals in sleep duration across adjacent time
points was a predictor of ASD between 18 months and
30 months of age (p=0.04) and from 30 months to
42 months (p=0.02).
Conclusions Sleep duration in children with ASD is
reduced from 30 months of age and persists until
adolescence.

INTRODUCTION
Autistic spectrum disorders (ASDs) are lifelong
pervasive developmental disorders characterised
by delayed and disordered communication skills,
impaired social interaction and repetitive and
restrictive patterns of behaviour.1 A wide range of
comorbidities and concurrent disorders are recog-
nised to be associated with ASD,2 including sleep
disorders.3

Children with ASD are more likely to have dis-
turbed sleep than typically developing children and
those with other developmental disabilities: a
recent report based on parental questionnaires sug-
gested a 53% prevalence of sleep disturbance in
children with ASD aged 2–5 years old compared
with 46% in children with developmental delay
and 32% in typically developing children.4 The
most commonly reported sleep disturbances are
increased sleep latency and frequent night waking
which result in reduced sleep duration.5 6 Other
problems reported by parents include early
morning waking, lack of sleep routine, nightmares
and reduced sleep duration.7 8 The aetiology of

sleep disorders in ASD is poorly understood and is
likely due to multiple complex interactions
between biological, psychosocial, behavioural and
environmental factors.6

Sleep disorders are important to identify in this
population as they may have a negative impact on
daytime behaviour,3 9 have been linked to increased
autistic symptoms,10 and have the potential to be
treated with behavioural programmes and pharma-
cological interventions such as melatonin.11

Sleep habits in ASD have been examined using
sleep questionnaires,4 12 as well as more objective
sleep studies including actigraphy and polysomno-
graphy.9 However, most research studies are cross-
sectional and many are limited by small sample
size, retrospective recall of sleeping patterns, lack
of agreed definitions of sleep disorders and mixed
comparison groups.
We have used a large British longitudinal study

to examine the sleeping patterns of children with
ASD compared with a large cohort of typically
developing healthy children from infancy to
11 years of age.
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What is already known on this topic

▸ Children with autistic spectrum disorders
(ASDs) are recognised to be more likely to have
disturbed sleep than typically developing
children.

▸ Most research studies of sleep in ASD are
cross-sectional, and many are limited by small
sample sizes and retrospective recall of
sleeping patterns.

What this study adds

▸ Using prospectively collected data, total sleep
duration in children with autistic spectrum
disorders (ASDs) was reduced compared with
peers from 30 months of age and persisted
until adolescence.

▸ Children with ASD showed a reduction in
night-time sleep, to a maximum of 43 min at
81 months, and more frequent waking at night.

▸ Changes in sleeping patterns in ASD were most
pronounced between 18 months and
42 months of age.
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METHODS
Sample
The Avon Longitudinal Study of Parents and Children (ALSPAC)
is a longitudinal cohort study following the health and develop-
ment of children who had an expected date of delivery between
April 1991 and December 1992, and were resident in the Avon
area of south-west England at the time of their birth.13 A total
of 14 541 mothers were enrolled in pregnancy, resulting in a
cohort of 14 062 children. The Avon area had a population
broadly typical of England in the 1991 census, with a mixture
of rural and urban communities. Full details are available on the
ALSPAC website: http://www.bristol.ac.uk/alspac.14 Ethical
approval for the study was obtained from the ALSPAC Law and
Ethics Committee and the Local Research Ethics Committees.

Identification of cases of ASD
The children within ALSPAC with a diagnosis of ASD by age 11
years were identified from two independent sources: (a) the clin-
ical records of all children in the cohort investigated for a sus-
pected developmental disorder by a multidisciplinary assessment
(b) the national educational database in England (Pupil Level
Annual Schools Census) which identified all children in state
schools (over 90% of children) needing special educational pro-
vision in 2003. A total of 86 children were identified from both
sources: 30 children with classical childhood autism, 15 with
atypical autism and 23 with Asperger’s syndrome: 18 of the
ASD cases from the educational database could not be classified,
as they were not subject to a multidisciplinary assessment.
Median age at diagnosis ranged from 45 months in childhood
autism to 116 months in Asperger’s syndrome. Details of the
methods used in the identification of ASD in the ALSPAC
cohort have previously been reported.15

Sleep data
Parental questionnaires at 6 months, 18 months, 30 months, 42
months, 69 months, 81 months, 115 months and 140 months
of age asked detailed questions about children’s sleep patterns.
A more detailed account of the sleep data methodology and
analysis has recently been published.16 The questions included
what time (to the nearest minute) the infant or child ‘normally’
went to bed in the evening and woke in the morning on an
average weekday; from this response, night-time sleep duration
was calculated, along with a categorical approximation of
daytime sleep (none, <1 h, 1–2 h, >2 h, from which estimates
of 0, 0.5, 1.5 and 2.5, respectively, were used). Total daily sleep
duration (unrounded) was derived from these data. Previous
analysis16 has shown reduced sleep duration across all time
points for boys (5–10 min), for children of non-white ethnicity
(5–20 min) and for children with three or more siblings
(5–15 min).

Parents were asked about the number of times the infant
or child woke during the night for the first seven time points
(6–115 months, inclusive). Night-time waking events were cate-
gorised into none, 1, 2 or 3 or more. Frequent waking for this
analysis was defined as an infant or child waking three or more
times during the night-time sleep. The questionnaires used can
be accessed on the ALSPAC website in a searchable database.17

Social Communication Disorders Checklist
The Social Communication Disorders Checklist (SCDC)18 is a
12-item parental questionnaire that measures social skills and
verbal/non-verbal characteristics typical of those found in ASD.
This questionnaire has been evaluated as a screening tool for

autism and found to predict autism with a sensitivity of 0.9 and
specificity of 0.69.18 The SCDC was administered by parental
questionnaire to the ALSPAC cohort at age 7 years, and scores
resulted in a continuous variable, with boys having mean scores
30% higher than girls.19 As a secondary analysis, we investigated
whether social communication difficulties (above the clinical
cut-off of 9 on the SCDC) correlated with sleeping patterns.

Cognitive and educational data
The ALSPAC database includes an IQ measured at 7 years using a
short version of the Weschler Intelligence Scale for Children 3rd
edition (WISC-III), and data from Standardized Assessment Test
results obtained from Local Education Authorities in England.
These tests are compulsory for children in state funded schools in
England, but are optional for independent private schools. Key
Stage One (KS1) comprises years 1–2 at primary school (ages
5–7 years) and includes compulsory national tests at 7 years of
age in reading, writing and mathematics. Educational attainment
in Standardized Assessment Tests is categorised into National
Curriculum Levels 1–8. At KS1, children are expected to achieve
scores of level 2 or above. KS1 scores of 0 or level 1 were used to
identify children with learning difficulties.

Statistical analysis
Data manipulation and analysis was performed using STATA
V.11 and SPSS V.16. Sleep duration was normally distributed at
all time points, and means and SDs were used to describe the
(unrounded) data. Comparisons between continuous distribu-
tions were made using the t test, whereas for categorical data,
the χ2 test was used (for expected cells <5, the Fisher’s exact
test was used).

Sleep variables for ASD cases were compared with the rest of
the cohort, using multivariable logistic regression modelling
controlling for factors previously found to be significantly asso-
ciated with ASD in the ALSPAC cohort.15 A forward stepwise
regression model was implemented, and tests for interaction
were used for analysis of KS1 educational data. The final model
adjusted for sex, ethnicity, high parity (four or more children in
a family) and comorbid epilepsy. A similar analysis was per-
formed using children with a SCDC score of 9 or above (the
clinical cut-off ), to assess the correlation of altered sleep habits
with social communication traits.

Centiles were constructed by using the mean and SD at each
time point. Rates of falls in sleep duration in individuals with
ASD and controls were then calculated by considering the pro-
portion of children at each time point with a substantially
decreased sleep duration (set at 1 SD or more).

RESULTS
Sample size and attrition
Sleep duration data were available for a maximum of 73 ASD
cases and 10 704 controls at 18 months, but numbers, as
expected, fell over time due to attrition from the cohort. By
140 months (11 years) sleep data were available on 39 children
with ASD and from 7043 controls in the rest of the cohort.
Children attending research clinics and those with returned
questionnaires were more likely to come from families of higher
socioeconomic class, with higher maternal educational level and
secure housing tenure (p≤0.01 for all).

Total sleep duration
Prior to 30 months, no significant difference in sleep duration
was found: from 30 months, children with ASD showed a trend
towards reduced total sleep duration which continued
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throughout childhood (table 1). The difference in total sleep
duration remained significant at 140 months of age; the differ-
ence was greatest (43 min) at 81 months (p=<0.0001), redu-
cing to 20 min at 140 months of age (p=0.001) (see figure 1).

These differences in total sleep duration remained very
similar in a multivariable linear regression model, adjusting for
sex, ethnicity, high parity and epilepsy. Male gender was the
most influential factor in the regression model. Prematurity, low
birth weight, maternal education, paternal social class and sleep-
disordered breathing were all tested at the univariable level but
were not significantly associated with sleep duration in ASD.

Differences in total sleep duration were wholly due to a
reduction in night-time sleep duration (see figure 2). Night-time
sleep duration was influenced by differences in bedtime and
wake time (presented in table 1). Daytime sleep duration was
not significantly different between the two groups (see figure 3).

IQ scores were only available for 21 children with ASD in the
cohort, so educational attainment (KS1 scores) were used as a
proxy for learning disability. KS1 data were available for 62 of
the children with ASD and over 11 000 children in the rest of
the cohort. Thirty-seven per cent of children with ASD had a
score of 0 or 1, compared with 3% of the rest of the cohort
(p=0.0001). However, no consistent difference was found in

total sleep duration between ASD cases with and without learn-
ing disability.

Total sleep duration was analysed in children with high SCDC
scores (>9), and compared with the rest of the cohort. The
trend of reduced sleep duration in children with social commu-
nication difficulties was consistent with that found in the ASD
cases, although was not as pronounced, and was statistically sig-
nificant from 42 months to 140 months of age (p<0.01).

Night-time waking
Children with ASD woke more frequently at night. Frequent
waking (defined as three or more times a night) was statistically
significant from 30 months of age, with 13% of children with
ASD waking more than three times a night compared with 5%
of the cohort (see table 2). This difference became more pro-
nounced with age, 11% of children with ASD waking more
than three times a night at 81 months compared with only
0.5% of the rest of the cohort.

Tracking changes in sleep duration across sleep centiles
Comparing children who decreased sleep duration between two
consecutive time points by more than 1 SD, there was a greater
proportion of children with ASD at most intervals, although

Table 1 Mean total sleep duration and mean bedtimes and wake times for children with autistic spectrum disorders (ASDs) compared with the
rest of the cohort

Children with ASD Rest of the cohort Difference in duration

Mean sleep
timings (24 h
clock)

Mean total sleep
duration (m)

Mean sleep
timings (24 h
clock)

Mean total sleep
duration

Age (months) n Bed Wake Mean SD n Bed Wake Mean SD Mean Diff (min) CI of difference (min) p Value*

6 67 20:05 7:02 13 h 24 m 1 h 44 m 11 230 20:08 6:56 13 h 12 m 1 h 43 m +12 (−13 to +37) 0.35
8 73 19:39 7:02 12 h 51 m 1 h 11 m 10 704 19:46 7:06 12 h 47 m 1 h 13 m +4 min (−13 to +21) 0.62
30 65 19:52 6:42 11 h 41 m 1 h 05 m 9555 19:50 7:04 11 h 58 m 1 h 05 m −17 min (−1 to −33) 0.032
42 63 20:01 6:47 11 h 03 m 1 h 15 m 9522 19:46 7:02 11 h 31 m 0 h 56 m −28 min (−14 to −42) 0.001
69 60 20:11 6:57 10 h 48 m 1 h 04 m 8490 19:52 7:10 11 h 18 m 0 h 42 m −30 min (−19 to −41) <0.0001
81 57 20:28 6:54 10 h 26 m 0 h 56 m 8208 20:04 7:12 11 h 09 m 0 h 40 m −43 min (−32 to −53) <0.0001
115 55 21:02 7:03 10 h 01 m 1 h 04 m 7761 20:51 7:17 10 h 27 m 0 h 39 m −26 min (−16 to −37) <0.0001
140 39 21:28 6:57 9 h 29 m 0 h 56 m 7043 21:21 7:10 9 h 49 m 0 h 39 m −20 min (−8 to −32) 0.001

*t test.

Figure 1 Total mean sleep duration in children with autistic spectrum
disorders (ASDs) compared with the rest of the cohort.

Figure 2 Night-time mean sleep duration in children with autistic
spectrum disorders (ASDs) compared with the rest of the cohort.
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this was only statistically significant at 30 months (p=0.04) and
42 months (p=0.004). From 18 months to 42 months night-
time sleep duration fell by a further hour in ASD cases
compared with controls. These differences remained statistically
significant when controlling for confounders (p=0.045 and
0.02 respectively).

DISCUSSION
This longitudinal prospective study demonstrated that children
with ASD had reduced total sleep duration when compared
with contemporary controls, from 30 months to early adoles-
cence. The differences were primarily during night-time sleep,
and the individual changes in sleep pattern were most pro-
nounced between 18 months and 42 months.

The strength of this study is that it is the first longitudinal
description of reduced sleep duration and night waking in chil-
dren with ASD using prospectively collected data, reported by
the parents before their child was diagnosed with an ASD. The
main limitation is the missing data due to attrition, which was
more marked among the children with ASD and among children
from poorer backgrounds. The ASD prevalence at 11 years in
ALSPAC was lower than previously reported in England,20 and
it is probable that some higher functioning children on the autis-
tic spectrum were not included as they had not been diagnosed
by age 11 years.

A second limitation of this study is the estimation of sleep
duration by parental report only, without actigraphy or poly-
somnography. Actigraphy would have been the only possible
objective proxy measurement for sleep in such a large cohort,
but has drawbacks such as it may interpret restless sleep as being
awake.21 In children with ASD actigraphy is often poorly toler-
ated: Souders et al9 compared 59 children with ASD with 40
control subjects using a variety of subjective and objective sleep
measures, including actigraphy, and found that the subjective
and objective measures yielded very similar estimates of the rate
of sleep disturbances in their ASD cohort.

Studies have generally demonstrated parental reports to be in
keeping with or to be an underestimation of sleep disturbances
in children,22 although some research has suggested that parents
over-report sleep problems.23 Total sleep duration was derived
from parental reports of estimated bedtime, wake-time and
daytime naps. An estimated bedtime did not differentiate
between when the child goes to bed and goes to sleep, and
therefore did not account for sleep latency. Also night-time
sleep duration did not take into account duration of waking
events, reported to be frequent in the population with ASD.
The narrowing of the reported difference between ASD and
controls in duration of sleep as children get older may be
because older children with ASD learn to stay in bed when they
wake, and are less demanding of parental attention at night.

The large variation in sleep duration in children in the
ALSPAC cohort,16 also reported in US children and adoles-
cents,24 suggests that the difference in total sleep seen in ASD
may be of modest clinical importance, as it lies within the wide
normal CIs. Although disturbed sleep is linked to poor daytime
behaviour and family distress,23 we can only speculate whether
the size of this reduction in sleep duration in children with ASD
had an impact on development, intellectual functioning and aut-
istic behaviours.

In experimental models sleep loss has an impact on daytime
learning and behaviour, although the size of this impact is
unclear and inconsistent.25 At a neurobiological level, some
researchers speculate that sleep loss may cause actual neuronal
loss.26 If this hypothesis of cumulative sleep reduction resulting
in neuronal loss is confirmed, then clinically the ASD popula-
tion might gain from even a small consistent increase in total
sleep time.

Sleep duration in childhood decreases over time.16 24 When
we took this into account by normalising the distribution at
each time point we showed marked differences between the
children with ASD and the rest of the cohort between ages 18
months and 42 months. Using ALSPAC, we reported a similar
but later pattern in the development of sleep patterns in atten-
tion deficit hyperactivity disorder, with the biggest difference in
sleep duration between attention deficit hyperactivity disorder
and controls seen from 42 months to 69 months.27

Although we could not show any difference between children
with ASD with and without learning difficulties, disturbed sleep
patterns in ASD do appear to be different from those seen in chil-
dren with intellectual disabilities.28 29 We speculate that such
widespread and early effects on sleep duration reflect an under-
lying shared neuropathological basis between autism and distur-
bances of the biological clock.29 30 There are increasing
biochemical and genetic data to support the existence of funda-
mental disturbances in circadian melatonin production in some
children with autism, which may partly explain these findings.
Children with ASD are reported to have reduced levels of circu-
lating melatonin and disrupted circadian rhythms, and links have
been identified between genes involved in melatonin synthesis

Figure 3 Daytime mean sleep duration in children with autistic
spectrum disorders (ASDs) compared with the rest of the cohort.

Table 2 Frequent night-time waking for children with autistic
spectrum disorders (ASD) compared with the rest of the cohort
(three or more times during the night)

Time point
(months)

Children with
ASD Rest of the cohort

p Valuen/N % n/N %

6 8/66 12.1 1061/11 147 9.5 0.47
18 6/72 8.3 703/10 485 6.7 0.48*
30 8/64 12.5 473/9442 5.0 0.02*
42 6/62 9.7 261/9449 2.8 0.008*
69 4/56 7.1 63/8243 0.8 0.001*
81 5/55 10.9 43/8033 0.5 0.001*
115 3/47 6.4 35/7306 0.5 0.002*

*Fisher’s exact test.
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and ASD,31 which could help explain the disturbed sleep patterns
observed in children with ASD. An increasing body of evidence
from trials32 demonstrates that oral melatonin can reduce sleep
latency11 32 and increase sleep duration33 in ASD.

In conclusion, this research emphasises the importance of
assessing sleep disturbances early in children with ASD, to offer
support and anticipatory guidance to parents and to consider
the use of melatonin to reduce sleep latency.
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