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Study Objectives: (1) Compare sleep behaviors of children with autism spectrum disorders (ASD) with sleep behaviors of typically developing
(TD) children using the Children’s Sleep Habits Questionnaire (CSHQ); (2) compare sleep quality—defined as mean activity, sleep latency, number
of awakenings, sleep efficiency and total sleep time—of the cohort of children with ASD and TD, as measured by 10 nights of actigraphy; and (3)
estimate the prevalence of sleep disturbances in the ASD and TD cohorts.

Design: Descriptive cross-sectional study.

Setting: The Children’s Hospital of Philadelphia.

Participants: Randomly selected children from the Regional Autism Center. The ASD cohort of 59 children, aged 4 to 10 years, (26 with autism,
21 with pervasive developmental disorder-not otherwise specified [PDD-NOS], and 12 with Asperger disorder) were compared with 40 TD control
subjects.

Measurements and Results: The CSHQ, sleep diaries, and 10 nights of actigraphy using the Sadeh algorithm of children with ASD and TD control
subjects were compared. CSHQ showed 66.1% of parents of children with ASD (62.5% autism, 76.2% PDD-NOS, 58.3% Asperger disorder) and
45% of parents of the control subjects reported that their children had sleep problems. Actigraphic data showed that 66.7% of children with ASD
(75% autism, 52.4% PDD-NOS, 75% Asperger disorder) and 45.9% of the control subjects had disturbed sleep.

Conclusions: The prevalence estimate of 45% for mild sleep disturbances in the TD cohort highlights pediatric sleep debt as a public health prob-
lem of concern. The prevalence estimate of 66% for moderate sleep disturbances in the ASD cohort underscores the significant sleep problems that
the families of these children face. The predominant sleep disorders in the ASD cohort were behavioral insomnia sleep-onset type and insomnia

due to PDD.
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THE AUTISM SPECTRUM DISORDER (ASD) IS ONE OF
THE MOST DEVASTATING NEUROBIOLOGIC DISOR-
DERS OF PRENATAL AND POSTNATAL BRAIN develop-
ment." The triad of difficulties or core deficits of ASD include
significant impairments in social interaction, limited commu-
nication, and a restricted repertoire of behaviors, interests, and
activities.” Sleep disturbances are endemic among children with
ASD; studies have estimated the prevalence of sleep distur-
bance as 40% to 80% in children with ASD,** compared with
20% to 40% in typically developing (TD) children.” Sleep dis-
turbances can have detrimental effects on children’s cognitive
development and daily functioning in areas such as attention,
learning, memory, mood regulation, and behavior.'®!" These ar-
eas of cognition are among those impacted by the presence of an
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ASD, suggesting that sleep disturbances could further impede
learning and general daily functioning in children with ASD. In
addition, poor sleep in children with ASD has been shown to
severely alter parents’ sleep quality and add great stress.>'*!3

In a recent consensus statement, the National Sleep Founda-
tion, in collaboration with Best Practice Project Management,
Inc., identified children with ASD as one of the highest priority
populations for sleep research.'* The core deficits of ASD, and
their underlying neurophysiology and neurochemistry, may pre-
dispose children with ASD to intrinsic stressors that threaten
sleep. However, basic epidemiologic data on sleep behaviors and
sleep quality in this vulnerable population are insufficient. Previ-
ous studies often had multiple methodologic limitations, including
lack of control groups, inclusion of subjects without confirmed
ASD diagnoses, small sample sizes, use of non-validated ques-
tionnaires, and few objective measures. Because of the paucity of
data, management options for these complex sleep disturbances
in children with ASD are often limited. Consequently, health care
providers and parents may struggle to manage sleep disturbances
on a trial-and-error basis. Therefore, the purpose of this descrip-
tive cross-sectional study was to characterize the sleep behaviors
and sleep quality in a well-defined ASD cohort from a regional
autism center and to estimate the prevalence of sleep disturbances
in children with ASD, as compared with TD children.
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The first aim of this study was to compare the subjective as-
sessment of sleep behaviors of children with ASD (including
autism, pervasive developmental disorder- not otherwise speci-
fied [PDD-NOS] and Asperger disorder) with TD children,
as measured by the Children’s Sleep Habits Questionnaire
(CSHQ). We hypothesized that children with ASD would have
more sleep problems, as indicated by higher scores on the to-
tal and subscale scores on the CSHQ. Our second aim was to
objectively assess sleep quality in children with ASD and TD
through 10 nights of actigraphy. We hypothesized that children
with ASD would have lower sleep efficiency, increased sleep
latency, greater number of awakenings, greater mean activity,
and shorter total sleep time than TD children, as measured by
actigraphy. Finally, our third aim was to estimate the prevalence
of sleep disturbances in a cohort of children with ASD (includ-
ing autism, PDD-NOS, and Asperger disorder) and a cohort of
TD children. We hypothesized that the prevalence of sleep dis-
turbances in the ASD cohort would be at least twice that of the
TD cohort.

METHODS

Subject Recruitment and Selection

This study evaluates sleep behaviors and sleep quality in a
cohort of children with ASD who receive care at the Regional
Autism Center (RAC) at The Children’s Hospital of Philadel-
phia (CHOP). The RAC provides a unique opportunity to en-
roll a population-based sample. There are approximately 5510
individuals with ASD (all ages) in Philadelphia and the 4 sur-
rounding suburban counties, Delaware, Montgomery, Chester,
and Bucks (2005 Census Bureau). These 5 counties are located
at the tip of the southeastern region of Pennsylvania and contain
approximately 25% of the total ASD population in the state.
The RAC team has diagnosed ASD in more than 3000 children
and adolescents, about half of whom reside in the southeastern
region of the state. By randomly selecting the children from the
RAC registry, we strove to obtain a representative sample of the
Greater Philadelphia Area.

Children, aged 4 to 10 years, were randomly selected from
the CHOP registry and divided into 3 subgroups: autism, PDD-
NOS, and Asperger disorder. Selecting a random sample from
the RAC enabled us to obtain an estimate of the prevalence of
sleep disturbances. The TD children (aged 4-10 years) from the
Greater Philadelphia Area who had no immediate family mem-
ber with ASD were compared with the ASD cohort. The TD
cohort was obtained from 3 referral sources: (1) neighbors of
RAC families participating in the sleep study, (2) families who
attended a health fair in a Delaware county community with a
CHOP Kid’s First Practice, and (3) friends of parents involved
in Cure Autism Now, Philadelphia Chapter.

This study was approved by the Institutional Review Boards
of CHOP and the University of Pennsylvania. During the first
of 3 home visits, parent permission and child assent (when de-
velopmentally appropriate) was obtained. Children with ASD
randomly selected from the RAC were matched by age, sex,
and ethnicity to subjects from the TD cohort. A goal was to
have a 25% minority representation in both cohorts, which is
characteristic of the Greater Philadelphia Area. The target en-
rollment for the study was 16 children in each ASD subgroup
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(autism, PDD-NOS, and Asperger disorder) and 16 TD controls
derived from a sample-size calculation using an o= 0.05, power
0f 0.80, 1:1 ratio, and an estimate of the expected prevalence of
sleep disturbances of 20% to 40% in the TD cohort and 40% to
80% in the ASD cohort.

Inclusion Criteria

Children enrolled as cases and control subjects in the study
met the following criteria: age between 4 and 10 years, stable
medical and behavior conditions, and no change in medication
or health status in the past 3 months. ASD diagnosis was made
by a developmental pediatrician and confirmed by the Autism
Diagnostic Observation Schedule (ADOS) or Asperger Syn-
drome Diagnostic Scale (ASDS) and DSM-IV-TR checklist.
Children enrolled as control subjects were screened for typi-
cal development with the Social Communication Questionnaire
(SCQ) and developmental history.

Exclusion Criteria

Exclusion criteria included parents or guardians who were
unable or unwilling to provide consent, those with no telephone
access, children with significant hearing or vision loss, and
children with a psychiatric disorder established by DSM-IV-
TR criteria. The co-morbid psychiatric disorders were identi-
fied during chart review by the nurse investigator and further
explored during the interview with the parent at the first home
visit. All children in the study were evaluated for their diagno-
sis by a developmental pediatrician. Children with co-morbid
psychiatric disorders were excluded from the study. In addition,
children with a complex neurologic disorder (cerebral palsy,
phenylketonuria, tuberous sclerosis, neurofibromatosis, unsta-
ble seizure disorder [a seizure within 6 months], Rett disorder)
and children with an unstable medical condition (eg, asthma,
diabetes, cystic fibrosis, cardiac disease) were excluded.

Data Collection and Timeline

Data were collected during 3 home visits over 17 days; this
included 1 week of sleep-diary completion followed by 10
nights of actigraphy and sleep-diary completion. Sleep data
were collected for children who had a consistent daytime sched-
ule (school, daycare).

Diagnostic and Screening Measures

The ADOS

The ADOS is a standardized assessment of communication,
social interaction, and play designed to identify children who
have the communicative and social deficits of autism or ASD. '
The ADOS has 3 diagnostic categories: autism, ASD, and non-
ASD. The ADOS includes 4 modules that are based on the pa-
tient’s functional expressive-language age. Interrater reliability
for each module has been found to be high (91.5% for Module
1, 89% for Module 2, 88.2 % for Module 3, and 88.25% for
Module 4).'5

The ASDS

The ASDS is a parent- or professional-completed report
questionnaire that explores 5 specific areas of behavior (cogni-
tive, maladaptive, language, social, and sensorimotor) and is
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designed to identify Asperger syndrome in children aged 5 to
18 years. Studies have documented the efficiency of the instru-
ment in discriminating Asperger syndrome from a sample with-
out Asperger syndrome.'®

The SCQ: Lifetime Version

The SCQ is a parent-report screening instrument that has
been validated in children aged 4 and older to screen for ASD.!”
The SCQ has 40 items; a cutoff score of 15 or more provides the
best differentiation of ASDs from other diagnoses.'”

The CSHQ

The CSHQ is a parent-report sleep screening instrument val-
idated in children aged 4 to 10 years.'® A total score (48 items)
and 8 subscale scores (33 items) reflect key sleep domains that
encompass the major medical and behavior sleep disorders
in this age group. Higher scores indicate more problems. The
subscales include bedtime resistance, sleep-onset delay, sleep
duration, sleep anxiety, night waking, parasomnias, sleep dis-
ordered breathing, and daytime sleepiness. In 1 study, a cutoff
total score of 41 generated by analysis of the receiver operator
characteristic curve yielded a sensitivity of 0.80 and a specific-
ity of 0.72.1%

Medical and Sleep History
A comprehensive medical and sleep-history questionnaire

was completed during a semistructured interview in the course
of the first home visit. The questionnaire included demographic
information, medical and sleep concerns and past management,
sleep and nap schedule, and family medical and sleep history.

Sleep Diaries
A daily report (diary) of sleep parameters, including the time

the child went to bed (lights-out time), night wakings, morning
wake time, naps, and health status for each participant was doc-
umented by a parent each morning for 17 days. The first week’s
sleep diary was collected and reviewed during the second home
visit prior to starting actigraphy. The second sleep diary was
completed by the parent each morning in conjunction with 10
nights of actigraphy.

Actigraphy
Actigraphy is a miniaturized wristwatch-like microcomputer

that records motion. After motion is transduced into an analog
electric form, it is digitized and stored. Each child was moni-
tored with a MicroMini-Motionlogger actigraph (AMA-32) in
the 0-crossing mode from Ambulatory Monitoring, Inc. (Ar-
dsley, NY). The actigraph was activated with the Act Millen-
nium 3.10.49 (ACTME) software program in Mode 18, with
I-minute epoch intervals, and was able to collect data for 22
days, 16 hours, and 0 minutes. This actigraph and zero-crossing
mode of analysis were chosen because they can be used with
the Sadeh sleep algorithm, the only sleep algorithm that has
normative data on the pediatric population.®"® Actigraphic raw
data were translated into sleep measures with the Action-W
software version 2.5.30 and Actigraphic Scoring Analysis pro-
gram for an IBM-compatible PC. Long Wake Episodes was set
for 5 minutes. If the parents noted on the sleep diary that their
child was sick or had an unusual night (sleepover with friends),
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the night’s data were discarded. Additionally, if diary data and
actigraph recording for a night were discrepant and could not be
clarified, the night’s data were discarded.

Actigraphic data appear to be reliable when obtained from
different locations, including the trunk, wrist, and ankles.?
However, Acebo?! found that a minimum of 7 nights was neces-
sary to obtain reliable data. Children with ASD often have sen-
sory challenges, including tactile defensiveness,*>? and parents
in the RAC voiced concerns about their children wearing and
keeping on a wrist actigraph. Therefore, an innovative approach
was piloted to address these concerns and obtain a minimum of
7 days of actigraphic data in children with autism and signifi-
cant maladaptive behaviors.

Actigraphic Pilot Data

The actigraph was placed in a small, 6-cm x 6-cm soft cot-
ton pocket hidden in the upper sleeve—arm area of a snug-
fitting pajama top. The pocket was sewn in just below the
shoulder seam, on the inside of the pajama top, and on the
side of the nondominant arm. The opening was secured with
Velcro for easy access to the actigraph, and each child had 2 or
3 customized pajama tops. Pilot data for the first 15 subjects in
the TD cohort were collected with 2 simultaneous actigraphs
for 10 nights. One actigraph was in the customized pajama-
sleeve pocket, and the second was on the nondominant wrist.
Parents completed a sleep diary for the 10 days. Analyses
showed that there were no significant differences between the
data from the nondominant wrist site and the nondominant
upper-arm site, respectively: sleep efficiency 81.06% (SD
6.53%) versus 82.69% (SD 6.18%) (P < 0.576); sleep latency
21.42 minutes (SD 17.15) versus 23.70 minutes (SD 19.05)
(P < 0.522); mean activity 24.95 counts per epoch (SD 8.02)
versus 24.24 counts per epoch (SD 6.65) (P < 0.809); total
sleep time, in minutes, 460.89 (SD 51.05) versus 465.83 (SD
49.622) (P < 0.779); and number of long wake episodes ( > 5
minutes) 7.19 (SD 1.93) versus 6.84 (SD 2.13) (P < 0.677).
As a result, the nondominant upper-arm site was utilized for
all the children enrolled in this study employing the protocol
described above.

Actigraph Recordings

Actigraphy recordings for each subject were reviewed by
3 authors (MCS, TAM, MB) from CHOP’s Sleep Center and
the University of Pennsylvania. Each subject’s actigraphic re-
cording data were evaluated for the overall activity pattern and
4 sleep parameters (sleep efficiency, sleep latency, total sleep
time in minutes, and number of night wakings) generated from
analysis using the Sadeh algorithm. CHOP’s Sleep Center uses
a sleep efficiency of 85% and a sleep latency of greater than
30 minutes as a cutoff for defining poor sleep quality. These
parameters were chosen for the actigraphy recording score
algorithm along with the TD cohort mean values for sleep in
minutes, long wake episodes ( > 5 minutes) per night, and activ-
ity mean. A consensus score was agreed upon by the 3 evalua-
tors using a scoring system ranging from 0 to 3: Normal (0.0),
Normal-Mild (0.5), Mild (1.0), Mild-Moderate (1.5), Moderate
(2.0), Moderate-Severe (2.5), and Severe (3.0). The actigraph
pattern was considered abnormal if the consensus score was 1.0
or greater.
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Data Analyses

All analyses were performed using SPSS, version 11.5 for
Windows (SPSS, Inc, Chicago, IL). All statistical significance
was set at P value <0.05. T tests and analysis of variance (ANO-
VA) were used for continuous data generated from the CSHQ
scores and actigraphy. A ¥* analysis was used for categorical
data generated from the CSHQ, comprehensive sleep history
questionnaire, and actigraphic data. The prevalence of sleep
disturbances in the ASD and TD cohorts was analyzed using
a t test for continuous data and a y? test for categorical data. A
comparison between the subgroups of the ASD and TD cohorts
was accomplished using ANOVA. Logistic regression was used
to analyze the effect of medication on the prevalence of sleep
disturbances in the ASD and TD cohorts using the CSHQ and
the actigraphic recording scores.

RESULTS
Sample

The TD Cohort

From April 2006 to September 2007, while school was in
session, 40 TD children aged 4 to 10 years with no immediate
family members with an ASD were recruited for the control
group. All TD participants scored below the cutoff for being “at
risk” for ASD (cutoff of 15) on the SCQ); scores ranged from 0
to 9, with a mean score of 2. The TD cohort was a convenience
sample generated from neighbors and friends of children with
ASD from the Greater Philadelphia Area and is a limitation to
the generalizability of the TD prevalence results.

The ASD Cohort

From September 2006 to September 2007, children were ran-
domly selected from the RAC Registry for contact regarding the
study. In total, 440 charts were reviewed, and 250 children met
inclusion criteria and were invited to participate. Sixty-two fami-
lies responded positively (25.7%). Sixty families agreed to the
first home visit, and all of these families consented to participate
in the study. One child dropped out because his family relocated.
In total, 59 children with ASD and their families completed the
study: 26 (44%) children with autism, 21 (35.6%) children with
PDD-NOS, and 12 (20.4%) children with Asperger disorder. The
purpose of randomly selecting the ASD cohort was to generate
a representative sample of the RAC to estimate the prevalence
of sleep disturbances. Prevalence is often estimated with smaller
representative samples of a population and can be viewed as a
snapshot in time, indicating who has an illness or disorder and
who does not (Gordis**). However, we identified 3 limitations to
the prevalence estimates derived from our data.

First, the 25.7% response rate for this study generated con-
cerns of sample bias. As a result, we conducted a chart review
of the 250 families invited to participate. As expected, a greater
number of families (57.6 %) who participated in the study had
concerns about their child’s sleep, as compared with invited
families that did not participate (45.3%). However, the dif-
ference between the groups (P = 0.099) was not statistically
significant. This finding supported our belief that the sample
was representative of the RAC population with respect to sleep
concerns.
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Second, the sample of 59 children with ASD, derived from
the RAC registry, is approximately 1% (59/5510) of the south-
eastern region of Pennsylvania ASD population (Census, 2005).
Though the sample is small, we do feel it is representative of the
RAC. In addition, the representation of ASD diagnoses (44%
autism, 35.6% PDD, and 20.4% Asperger disorder) in this study
is similar to the recent findings of Interactive Autism Network
(IAN) (www.IANproject.org). IAN, launched in April, 2007,
collects data on the ASD population in the United States. IAN
Research is a study at the Kennedy Krieger Institute overseen by
the Johns Hopkins Medicine Institutional Review Board. Fami-
lies participating in the network must live in the US and have a
child under the age of 18 with an ASD diagnosis. In December,
2008 TAN shared their data collected on 6000 individuals who
had an ASD. Included in the IAN database is information on
children and adolescents with the following diagnoses: 44%,
autism; 29%, PDD-NOS; 15%, Asperger disorder; and 12%,
other diagnosis such as ASD or PDD. Because of the similarity
in distribution in our sample, we believe it to be representative
of the distribution in the national autism community.

Lastly, CHOP is a world leader in the diagnosis and treatment
of pediatric illness. Families with children and adolescents who
have severe and complicated ASD would be motivated to re-
ceive care and treatment guidance from CHOP. Sampling from
this population would, theoretically, bias the results toward a
higher prevalence of sleep disturbances. To address this con-
cern, we excluded children with complicated medical condi-
tions and other comorbid psychiatric diagnoses. In addition, the
results from this study showed that the ASD and TD cohorts
did not differ in terms of mild common health conditions such
as asthma and allergies. In summary, the prevalence estimates
derived from this study are generalizable only to similar popu-
lations of children who are receiving care at tertiary diagnostic
and treatment centers for children with ASD.

Children with the diagnosis of autism in this study met the
criteria for autism on the ADOS. Developmental skills were
assessed by receptive-language age, academic history, and in-
dividual education plans. IQ testing was not available for all
subjects. Developmental skills in the autism subgroup included
severe disability 19.2% (5 children), moderate disability 42.3%
(11), borderline-mild disability 34.6% (9), and typical ability (1).
Twenty-three children (88.5%) were in an autistic support class-
room, 2 children with borderline skills were in a learning support
classroom, and 1 child was mainstreamed. Children with PDD-
NOS met the criteria for ASD on the ADOS. Developmental
skills in the PDD-NOS subgroup included typical ability 52.3%
(11 children), moderate disability 9.5% (2), and borderline-mild
disability 38.2 % (8). Thirteen of these children were in a typical
classroom with support, 4 children were in a learning disability
classroom, 3 children were in autistic support classroom, and 1
child was home schooled. Children with the diagnosis of Asperger
disorder met the criteria for Asperger disorder on the ASDS. All
children in the Asperger subgroup had typical to above-average
academic ability. One child was in a learning-disabled classroom,
and 11 were in a typical classroom.

Demographics
Age, race, and sex did not differ between the TD and ASD
cohorts (Table 1). Minority representation of 22.5% for the TD
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Table 1—Demographics
Variables TD Controls  ASD Cohort P Value
n=40 n=59
Race 0.74
White 31(77.5) 44 (74.6)
Nonwhite 9 (22.5) 15 (25.4)
Sex 0.07
Female 14 (35) 11(18.6)
Male 26 (65) 48 (81.4)
Age, y
Participant 7.089+2.087 7.532+1.923 0.29
Mother 39.97 £4.503  40.71 £5.308 0.51
Father 42.06 £4.885 41.89+6.079 0.89
Parents’ marital status 0.10
Married 29 (87.9) 48 (85.7)
Single 1(3.0) (12.5)
Divorced 3(9.1) 1(1.8
Mother’s work status 0.08
Home 7(22.6) 21(37.5)
Part-time 3(9.7) 11(19.6)
Full-time 23 (67.7) 24 (42.9)
Father’s work status 0.13
Home 0 4(7.3)
Part-time 0 0(0)
Full-time 31(100) 51(92.7)
Mother’s education 0.03
Some high school 0(0) 2(3.6)
High school 3(9.1) 19(33.9)
College 15 (45.5) 21(37.5)
Graduate school 15 (45.5) 14 (25)
Father’s education 0.08
Some high school 1(3) 2(3.6)
High school 3(9.1) 14 (25)
College 10 (33.3) 24 (42.9)
Graduate school 18 (54.3) 16 (28.6
Family income, $ 0.76
0-50,000 5(12.5) 9(15.3)
50,000-100,000 6 (17.5) 12 (2.0)
>100,000 22 (70) 35 (62.7)
Data are presented as number (%) except age, which is presented as
mean + SD. TD refers to typically developing children; ASD, children with
autism spectrum disorder.

cohort and 25% for the ASD cohort reflects the demographics of
minority populations in the Greater Philadelphia Area (25.8%).
Maternal and paternal age, marital status, socioeconomic status,
work status, and paternal education showed no statistical dif-
ferences between the TD cohort and the ASD cohort (Table 1).
However, maternal education was significantly different (P =
0.028), with the TD cohort having 45% of mothers with gradu-
ate-level education, compared with 25% of the ASD cohort.

Sleep Environment and Sleep Hygiene

Most families in the study lived in a single-family house in
a Philadelphia suburb (Table 2). Most children slept in their
own bedroom. The parents of the ASD cohort often described a
consistent bedtime routine. There were no statistical differences
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Table 2—Sleep Environment and Bedtime Routine
TD cohort  ASD cohort P Value
n=40 n=59
Home Environment 0.14
Apartment 2(5) 3(5.1)
Row house 2(5) 11(18.6)
Unattached house 36 (90) 45(76.3)
Siblings
No 4(10) 17(28.8)  0.02
Yes 36 (90) 42 (71.2)
Child has own room
No 13 (32.5) 15(25.4) 0.44
Yes 27 (67.5) 44 (74.6)
Falls asleep in parent's bed 4(10.0) 4(6.8) 0.65
Parent has concerns about child’s sleep 0.001
No 35(87.5) 25 (42.4)
Yes 5(12.5) 34 (57.6)
Bedtime Routine 0.89
No 3(7.5) 4(6.8)
Yes 37 (92.5) 55(93.2)
Naps during week 0.18
No 34 (85.0) 55(93.2)
Yes 6 (15) 4(6.8)
Puts child to bed 0.57
Mother 13 (32.5) 22 (37.3)
Father 5(12.5) 11(18.6)
Both parents 13 (32.5) 18 (30.5)
Self 6 (15) 7(11.9)
Other 3(7.5) 1(1.7)
Parent present when child is falling asleep 0.7
No 31(77.5) 45 (76.3)
Yes 9 (22.5) 14 (23.7)
Bedtime
Weekday 20:48+42 20:43+55 0.68
Weekend 21:24+55 21:14+61 042
Wake time
Weekday 07.08+35 0645+46 0.01
Weekend 07:47+62 071974 0.05
Data are presented as number (%) or mean + SD. TD refers to typically
developing children; ASD, children with autism spectrum disorder.

between the TD and ASD cohorts for the following variables:
home environment, single versus shared bedroom, bedtime rou-
tine, paternal versus maternal involvement in the bedtime rou-
tine, parental presence in the bedroom with sleep onset, naps,
and bedtime on the weeknights and weekends. However, there
was a significant difference between parental sleep concerns
(P<0.001) and wake time during the weekdays (P = 0.010) be-
tween the ASD and TD cohorts. More than half of the families
of the children with ASD (57.6%) voiced sleep concerns, in-
cluding long sleep latencies despite a bedtime routine (n = 12),
frequent night wakings (n = 15), sleep terrors (n = 3), and early
risings at 0400 or 0500 (n = 6) (Table 2). Only 12.5% families
of the TD cohort reported sleep concerns, which included inad-
equate sleep duration (n = 2), difficulties falling asleep (n = 1),
and night wakings (n = 2).
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Table 3—Medications

TD cohort ASD cohort
n=40 n=59
Daily 9(22.5) 34 (57.6)
To treat allergies
Total 5
Loratadine (Claritin) 3
Cetirizine (Zyrtec) 1
1
0
0

Medication

(12.5)

Diphenhydramine(Benadryl)
Hydroxyzine (Vistaril)
Fluticasone nasal (Flonase)
To treat asthma
Total*
Albuterol
Montelukast sodium (Singular)
Fluticasone propionate (Flovent)
Pulmicort
Stimulants
Total
Methylphenidate
Dexamphetamine
Dextroamphetamine mixed salts (Adderall)
SSRI
Total
Fluoxetine (Prozac)
Paroxetine (Paxil)
Fluvoxamine (Luvox)
Atypical neuroleptics
Risperidone (Risperdal)
Aripiprazole (Abilify)
Anticonvulsants
Oxcarbazepine (Trileptal)
(Topiramate) Topamax
Gastrointestinal
Polyethylene glycol(Miralax)
Lansoprazole (Prevacid)
Medication to aid sleep**
Melatonin
Catapres (Clonidine)***
Risperidone (Risperdal)
Aripiprazole (Abilify)***
Hydroxyzine (Vistaril)***
Fluoxetine (Prozac)***

(12.5)

O =~ N Wy

(13.5)

N — O

—
(=}
-

(11.8)

—
(=}
-

(10.16)
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1
1
2
5
3
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2
1
1

Data are presented as number (%). TD refers to typically developing
children; ASD, children with autism spectrum disorder; SSRI, selective
serotonin reuptake inhibitor. *One child with asthma was taking 2 medica-
tions. **Four of the 22 children were taking two medications to promote
sleep. ***Children received these medications in the evening prior to bed-
time in order to facilitate sleep. These medications are included in the
above total percentiles and again in the sleep aid section.

Medications

Twenty-two percent of the TD cohort and 56.7% of the ASD
cohort were taking daily medication (Table 3). However, no
children in the TD cohort and 37.3% of the ASD cohort (autism
38.5%, PDD-NOS 38.15%, Asperger disorder 33.35) were tak-
ing medication to aid sleep (P <001). The types of medications
used by the TD and ASD cohorts are listed in Table 3.
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Table 4—Children’s Sleep Habits Questionnaire
TD Cohort ASD Cohort P Value
n=40 n=59

Total score 59.96 (5.259)  67.36 (9.558) 0.001

Subscale 41.77 (4.560)  47.39 (8.211) 0.001
Bedtime resistance 7.202 (0.839) 8.15(2.163) 0.076
Sleep-onset delay 1.25 (0.494) 1.61(0.766) 0.010
Sleep duration 3.67 (0.997) 4.67 (1.833) 0.002
Sleep anxiety 4.95(1.131) 5.81(1.978) 0.014
Night wakings 3.92 (1.141) 4.74 (1.635) 0.007
Parasomnias 8.22 (1.250) 9.59 (1.848) 0.001
Disordered breathing 3.25 (0.588) 3.32 (0.567) 0.588
Daytime sleepiness 11.70 (2.564) 12.3 (3.217) 0.323

Data are presented as mean (SD). TD refers to typically developing chil-

dren; ASD, children with autism spectrum disorder.

The CSHQ

We hypothesized that children with ASD would have more
sleep problems, as indicated by higher scores on the total and
subscale scores on the CSHQ. The CSHQ subscales total mean
score and the total questionnaire mean score were higher and
significantly different when comparing the ASD and TD cohorts
(Table 4). The ASD cohort had mean scores for total question-
naire items that are consistent with the mean scores published in
the CSHQ instrument paper for children diagnosed with sleep
disorders (mean = 68.4 [SD 13.7]) followed at a sleep clinic.”
The TD cohort had a mean score for the total questionnaire con-
sistent with the mean score of school-aged children (mean 56.2
[SD 8.9]) from the community sample.?

Parents of the ASD cohort reported longer sleep latencies,
shorter sleep duration, more-frequent night wakings, more
parasomnias, and greater sleep anxiety in their children than
did parents of the TD cohort. The sleep anxiety subscale ad-
dresses nighttime fears. Subjects with ASD were more often
afraid of the dark, being alone, and sleeping away from home
than were TD children. The parasomnias subscale showed no
significant difference in sleep talking (P = 0.374), sleep walk-
ing (P = 0.678), nightmares (P = 0.320), and restlessness (P =
0.131); however, sleep terrors (P = 0.009), bed wetting (P =
0.035), and bruxism (P = 0.002) were significantly different.
The bedtime resistance (P = 0.076) and sleep disordered breath-
ing (P = 0.567) subscales scores for the ASD and TD cohorts
were not significantly different. Furthermore, there was no sig-
nificant difference between the TD and ASD cohort scores on
the daytime sleepiness scale (P = 0.323), suggesting that both
TD and ASD parents report that their children are sleepy during
the day.

Prevalence of Sleep Disturbances Using the CSHQ

We hypothesized that the prevalence of sleep disturbances in
the ASD cohort would be at least rwice the rate of the TD cohort
utilizing a cutoft score of 41 on the CSHQ. In the TD cohort, 45%
(18/40) of the participants scored greater than 41 on the subscales
total score. The mean score for the TD cohort was 41.7 with a
SD of 4.56. The predominant reason for the elevated subscale
total score in the TD cohort was, on average, a high score on the
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Figure 1—The Children’s Sleep Habits Questionnaire (CSHQ) cutoff
subscale total score is 41, shown as a bold line. Forty-five percent of the
typically developing (TD) control subjects scored greater than 41 (mean
score 41.7, SD 4.56). Most children scored at or just above the cutoff,
illustrating that most sleep difficulties in the TD cohort are mild.

daytime sleepiness scale. The prevalence of sleep disturbances in
the TD cohort can be estimated at 45%. Most children scoring at
or just above the cutoff of 41, shown as a bold line in Figure 1,
illustrated that most sleep difficulties in the TD cohort are mild.
In contrast, 66.1% (39/59) of the ASD cohort (autism 62.5%,
PDD-NOS 76.2%, asperger disorder 58.3%) scored greater than
the cutoff of 41 on the subscales total score, with a mean score of
47.39 and a SD of 8.211 (Figure 2). Figure 2 highlights that the
CSHQ scores for the ASD cohort are greater, representing more
moderate to severe sleep problems. (See Table 5.)

The CSHQ results were analyzed to determine the effect of
medications on the mean scores of the CSHQ for the ASD and
TD cohorts. There was no significant difference in the CSHQ
scores of TD children taking medication (41.60, SD5.56) or not
taking medication (42.66, SD 4.64; P = 0.602). However, the
mean score of 49.26 (SD 8.87) on the CSHQ was higher for
children with ASD taking medication than for those not taking
medication (44.84, SD 6.50; P = 0.042). In addition, the mean
score for children with ASD taking a medication to aid sleep
was higher (50.45, SD 8.94) and significantly different (P <
0.001) than the mean CSHQ score of children with ASD not
taking a sleep medication (44.84, SD 6.50). Thus, children with
ASD continue to have disturbed sleep, as reported by parents,
despite the use of sleep medication.

Actigraphy Adherence

Actigraphy was well tolerated in this study. Three partici-
pants, 2 with severe autism and 1 TD control, were unable
to adhere to the actigraphy protocol. On average, the TD co-
hort contributed 10.4 nights, and the ASD cohort contributed
12 nights of actigraphy to be analyzed. Ninety-seven percent
of participants had at least 8 nights of analyzable actigraphic
data.

Actigraphic Data

Sleep latency (P = 0.002), the activity mean (P = 0.003), and
the longest wake episodes (P = 0.002) were significantly differ-
ent between the TD and ASD cohorts (Table 6). Children with
ASD, on average, took 34 minutes to fall asleep. In addition,
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Figure 2—The Children’s Sleep Habits Questionnaire (CSHQ) cutoff

subscale total score is 41, shown as a bold line. In contrast to the typi-

cally developing children (data shown in Figure 1), 66.1% of the cohort

with an autism spectrum disorder (ASD) scored greater than the cutoff

(mean score 47.39, SD of 8.21), representing more moderate to severe
sleep problems.
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children with ASD had longer wake episodes (49 minutes, SD
21.90), compared with the TD cohort (34 minutes, SD 20.11;
P =0.002). However, sleep efficiency, long wake episodes, and
total sleep time were not statistically different between the ASD
and TD cohorts.

The actigraphic sleep parameters of the subgroups of ASD
were also compared with those of the TD cohort (Table 7). The
sleep latency for all 3 subgroups was statistically different from
the TD cohort, showing that children across the autism spec-
trum had difficulties falling asleep (Figure 3). The Asperger dis-
order subgroup had the longest sleep latency (38.5 minutes, on
average; P = 0.0007). The Autism subgroup showed a shorter
total sleep time (437 minutes, on average; P = 0.023) compared
with the TD Cohort (Table 7). The Asperger disorder subgroup
had a greater total wake time, in minutes (P = 0.048), compared
with the TD cohort. In addition, the Autism (P = 0.002) and
Asperger disorder (P = 0.050) subgroups had the longest wake
episodes, on average, compared to the TD cohort.

Prevalence of Sleep Disturbances Using Actigraphy

The prevalence of sleep disturbances in the ASD and TD co-
horts was estimated using the actigraphy recording score for
each participant (Figure 4). Sleep efficiency of 85%, sleep la-
tency of 30 minutes, and TD cohort mean values for total sleep
time, in minutes (469); long wake episodes per night (6); and
activity mean of 21.5 counts per epoch were used as cutoff
scores for the 5 parameters evaluated to establish an actigraphy
recording score. The prevalence of sleep disturbances in the
ASD and TD cohorts were estimated at 66.7% and 45.9%, re-
spectively (Table 5), and the difference between the groups was
statistically significant (P = 0.046). The prevalence of sleep dis-
turbances was 75% for the Autism and Asperger disorder sub-
groups and 52.4% in the PDD-NOS subgroup. In addition, the
analysis of the actigraphy recording mean scores showed sig-
nificant differences between the TD cohort mean score (0.608,
SD 0.619) and ASD subgroups: Autism mean score (1.375, SD
1.065), PDD-NOS mean score (1.00, SD 1.036) and Asperger
disorder mean score (1.125, SD 0.907; P=0.012).

Sleep in Autism—Souders et al



MicroMini MotionLogger Actigraph
Sleep Latency

120
P<0.0021 P<0.0015 P<0.0007 P<0.023
100 -~ x x x
X x <
«»n 80 A
2
)
= x x
= 60 ~ § o x x
X% x x <
x % x x
40 ~ % ol < £

Controls Total Autism Asperger PDD-
n=37 Cases n=24 n=12 NOS n=21
n=57

Figure 3— The sleep latency for all three subgroups was statistically
different from the TD cohort (see P values at top), showing that children
across the autism spectrum had difficulties falling asleep. The Asperger
Disorder subgroup had the longest sleep latency 38.5 minutes.

Medications

There were no statistical differences when comparing actig-
raphy recording scores between children taking medication and
children not taking medications in the TD cohort (P=0.476) and
in the ASD cohort (P = 0.156). In addition, there were no sta-
tistical differences in the actigraphy recording scores between
children in the ASD cohort taking medication to aid sleep and
children not taking medication to aid sleep (P = 0.115) when
comparing the actigraphy recording scores. The use of sleep
medication, on average, did not “normalize” the actigraphy re-
cording scores, and the overall scores were higher.

Effect of Sleep Medication on the Prevalence of Sleep Disturbances
Although 37.3% of children in the ASD cohort were taking
medication to improve sleep, no children in the TD cohort were
taking sleep medication. Therefore, a logistic-regression model
was used to determine the effect of any medication on sleep dis-
turbances in the ASD and TD cohorts using the CSHQ and the
actigraphy recording scores. The CSHQ subscale total cutoff
(yes/no) was the dependent variable, and medication use (yes/
no) and ASD group (yes/no) were the covariates. Results for the
ASD group variable was P =0.054 and EXP (B) 2.362, and the
results for the medication variable was P = 0.951 and Exp (B)
1.028. The actigraphy recording score (normal/abnormal) was
replaced as the dependent variable in the logistic-regression
model. Results for the ASD variable was P=0.101 and Exp (B)
2.130, and results for the medication variable was P=0.539 and
Exp (B) 1.328. The results from the logistic-regression model
provide evidence that medication use had no significant effect
on the prevalence of sleep disturbances in the ASD and TD co-
horts, using the CSHQ and the actigraphy recording scores.

Average Activity Counts per Epoch per Hour of the ASD and TD
Cohorts

Further analysis of the actigraphy data was conducted to ex-
amine the activity counts in 1-minute epochs for the TD and ASD
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Figure 4—Data from 10 consecutive nights of actigraphy, obtained from an
actigraph that was contained in a specially designed upper-sleeve pocket.

Table 5—Prevalence of Sleep Disturbances: CSHQ and Actigraphy

CSHQ TD Cohort ~ ASD Cohort P Value
Cutoff score 0.037
<41 22 (55) 20 (33.9)
>4 18 (45) 39 (66.1)
Actigraphy: Linear Score
210 17 (45.9) 38 (66.7) 0.046
<10 20 (54.1) 19 (33.3)
Mean + SD 0.608 £0.619 1.18+1.020  0.003

Data are presented as number (%) or mean + SD. The numbers in the
typically developing (TD) and autism spectrum disorder (ASD) groups
vary for those who completed the Children’s Sleep Health Questionnaire
(CSHQ) and actigraphy.

cohorts across a 12-hour continuum. The average activity counts
per epoch per hour of the ASD and TD cohorts at hourly intervals
with P values are shown in Figure 5. The figure illustrates the
statistically different activity counts between the TD and ASD
groups at 2100 (P = 0.04) and 2200 (P = 0.016) and again in the
early morning at 0400 (P =0.015) and 0500 (P = 0.053).

Sleep Diagnoses

An important component of pediatric sleep evaluation, in
addition to describing the sleep behaviors and sleep quality of
children, is to identify sleep disorders.’ There are more than 80
different sleep disorders listed in the International Classification
of Sleep Disorders, 2nd edition (ICSD-2) that could be the cause
of an underlying sleep problem. Identifying the cause of insomnia
in a child is a complex task and is often multifactorial. Moreover,
clear definitions of childhood sleep disorders are just starting to
emerge from the rapidly evolving field of pediatric sleep. In this
study, each child’s sleep was evaluated from multiple sources of
data: home observations; a comprehensive medical, developmen-
tal, and sleep history, including medication history; chart review;
sleep questionnaire total and subscale results; 2 weeks of sleep
diary data; and 10 nights of actigraphy.

The ICSD-2 defines insomnia as adequate sleep opportunity
with a persistent sleep difficulty and associated daytime dys-
function. Children in this study met criteria for an insomnia if
they (1) had difficulties falling asleep, defined by a sleep latency
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Figure 5—The x axis shows the time of day, 1900 to 0700. The y axis is
the average activity count per hour of the typically developing (TD) and
autism spectrum disorder (ASD) cohorts. On average, the TD and ASD
cohorts went to bed wearing the actigraph at 2115 and woke at 0705, as
reported by parents on the sleep diary.

of greater than 30 minutes obtained with actigraphy; (2) had dif-
ficulties maintaining sleep, as documented on the CSHQ), sleep
diary and/or actigraphy; and (3) experienced daytime sleepi-
ness or dysfunction, as reported by parents on the CSHQ or
during the comprehensive sleep interview. Thirty-nine children
with ASD (66%) were identified with an insomnia based on the
subjective and objective measures. Insomnia is a symptom that
often arises from other sleep disorders, primary medical condi-
tions, and mental disorders. Each child was assessed for pos-
sible causes of the insomnia on a case-by-case basis (Table 8).

Other Sleep Disorders

Ten percent (4/39) of the children with ASD and insomnia
were identified with another sleep disorder most likely caus-
ing the insomnia symptoms: sleep disordered breathing (1) and
night terrors (3).

Medical Conditions

Fifteen percent (6/39) of the children with ASD and insom-
nia were identified with medical conditions that may be related
to the insomnia symptoms: seizures (1), asthma (3), and gas-
troesophageal reflux (2). All 6 children also met criteria for a
behavioral insomnia of childhood, and their insomnia may be
multifactorial.

Medications

Twenty-three percent (9/39) of children with ASD and in-
somnia were taking medications that have disturbed sleep as
a potential side effect (stimulants n = 4; selective serotonin
reuptake inhibitors n = 5). All parents reported that their child’s
sleep disturbances were present prior to starting the medica-
tion and that the medications were not making the child’s sleep
problems more severe. All the parents of children taking selec-
tive serotonin reuptake inhibitors thought that their child’s bed-
time anxiety had improved since starting the medication.

Behavioral Insomnia of Childhood-Sleep Association Type
Thirty one percent (12/39) of children with ASD and insom-
nia were diagnosed with behavioral insomnia (sleep-association
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Table 6—Actigraphy: TD Cohort Compared with ASD Cohort
D ASD P Value
n=37 n=57
Mean SD Mean SD

Starting time 21:16 0.031 21:17 0.031  0.869
Ending time 706  0.026 7:03 0031 0734
Duration, min 59140 37.932 586.61 46.872 0.611
Activity

Mean 21.53 5864 2776 11182  0.003

SD 42.82 7543 50.13  11.331  0.001
Wake time, min 121.83 43.819 134.61 54415 0.243
Sleep time, min 46957 52626 452.00 65.070 0.181
% Sleep 79.44 7.275 77.16 9.078 0.212
SE, % 84.21 6.232 83.63 7927 0.716
SOL 21.71 8966 3442 21.943 0.002
WASO 87.46 32989 88.03 41.860 0.946
Wake episodes

> 1-min 2044 4847 17.93 5379 0.027

>5min 6.56 2.046 5.96 2102 0.185

Mean duration, min 939 18775 897 4935 0.872

Longest, min 3470 20.112 49.00 21.901 0.002

Total, no. 19.91 4726 1745 5.3843 0.029
aT test for equality of means. Data are presented as mean and SD for
typically developing (TD) children and children with autism spectrum dis-
orders (ASD. TST refers to total sleep time; SE, sleep efficiency; SOL,
sleep-onset latency; WASO, wake time after sleep onset.

type). Parents were able to establish a strong bedtime routine,
but they needed to be touching their child (rocking, patting, ly-
ing next to them) as the child fell asleep. These children had
frequent night wakenings and early risings and required inter-
ventions from their parents to return to sleep. Most parents re-
ported that they tried extinction protocols but that they were too
exhaustive to implement.

Behavioral Insomnia of Childhood—Limit-setting Type

Fifteen percent (6/39) of the children with ASD and insom-
nia were diagnosed with behavioral insomnia (limit-setting
type). These families had tried to establish a routine but were
unable to do so and made no further attempts to establish a rou-
tine. During the study, these children had no consistent bedtime
routines.

Inadequate Sleep Hygiene

Two children with behavioral insomnia limit—setting-type
also had inadequate sleep hygiene. One child frequently drank
cola soda at bedtime and slept on the couch in the living room.
One child fell asleep in his older brother’s room on the floor in
front of the TV.

Insomnia Due to a Mental Disorder: PDD

The ICSD -2 guidelines note that insomnia due to a men-
tal disorder is diagnosed only when insomnia is a predominant
compliant, warrants independent clinical attention, and is not
better explained by another sleep disorder. The /CSD-2, Ap-
pendix B, lists the diagnostic category of PDD—a group of
disorders including autistic disorder, Asperger disorder, and
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Table 7—Actigraphy: TD Cohort Compared with ASD Subgroups Z;fégfi t’bingngygzgigazgzeZhg;zggjé
TD  Autism PDD AD  Autism PDD AD and objective measures of sleep provides ev-
P Value P Value P Value idence that the difference in prevalence and

Starting time 21116 2121 21:06  21:31 0705 0442  0.297 severity of sleep disturbances between the 2

Ending time 07:.06 06:50 07:02 07:31 0154 0.684  0.074 cohorts may be a function of the underlying

Duration, min 59140 570.63 595.10 603.713 0.077 0.738  0.339 neurobiologic disorder, namely, ASD.

Activity It is important to identify the underlying
Mean 2153 2996 2396 29.992 0.0002 0210  0.008 sleep disorders in children with ASD, since
SD 4282 5344  46.38  50.088 0.0000 0.105  0.030 the choice of treatment and future research di-

Wake time, min 121.83 13325 12211 159236 0.309 0.982  0.048 rections should be based on the child’s sleep

TST, min 469.57 437.39 47299 444477 0.023 0831  0.231 disorder and not on the presenting symptoms.’

% Sleep 7944 7681 7951 73770 0155 0976  0.072 Potential contributors to insomnia, including

SE, % 8421 8401 8530 79.960 0.897 0551 0.124 obstructive sleep apnea, periodic limb move-

SOL, min 2171 3409 3254 38353 0.0015 0.023  0.0007 ments, epilepsy, inadequate sleep hygiene,

WASO, min 8746 8358  80.02 110945 0.637 0439  0.107 behavior disorders (limit-setting and sleep

Wake episodes association disorders), medications, para-
> 1 min, no. 2044 1739 17.31 20101 0.022  0.033  0.841 somnias. circadian rhythm abnormalities, and
> 5 min, no. 6.56 577 5.61 6.958 0123  0.101  0.598 arousal dysfunction® were considered for each
Mean duration, min 9.39 9.46 8.57 8672 0985 0845  0.897 participant.’® Sleep disordered breathing was
Longest, min 3470 5196 4578 48713 0.002 0.063  0.050 not identified as a predominant sleep disorder

Sleep episodes, no. 1991 1694 1682 19584 0.023 0.034  0.846 in this study based on parent interviews and

questionnaire data; only 1 child had a history

Data are presented as mean and p values for typically developing (TD) children and children with of snoring and was referred to a sleep center.

autism spectrum disorders (ASD), including autism, pervasive developmental disorders (PDD), Asingle subject had epilepsy, which was con-

and Asperger disorder (AD). TST refers to total sleep time; SE, sleep efficiency; SOL, sleep-onset trolled on medication; no other subjects were
latency; WASO, wake time after sleep onset. reported to have seizures, features of periodic

Rett disorder. The essential feature of insomnia due to mental
disorder is the occurrence of insomnia that is caused by an un-
derlying mental disorder. In this study, 11 (28%) of the children
with ASD with an insomnia had adequate sleep hygiene, strong
bedtime routines, fell asleep by themselves, and had no identi-
fiable medical condition that might cause sleep disturbances.
Parents reported that, despite robust behavior techniques and,
in some cases, medication to aid sleep, their child continued
to have difficulties with initiating and/or maintaining sleep and
had daytime sleepiness. These cases were not better explained
by another sleep disorder and might be best described as an
insomnia due to PDD (Code 327.15).

DISCUSSION

Sleep behaviors and sleep quality in children represent a
complex exhibition of biologic, developmental, psychological,
environmental, and cultural influences.?” Therefore, careful as-
sessment of a child’s sleep behaviors and sleep quality in the
context of their family, home, school, and community is para-
mount. This descriptive cross-sectional study presents the char-
acterization of sleep in an ASD cohort, compared with a TD
cohort, utilizing home observations; a comprehensive medical,
developmental, and sleep history, including medication history;
chart review; validated sleep questionnaire; sleep diary; and 10
nights of actigraphy.

The TD cohort was recruited from the same neighborhoods
and counties as those of the children in the ASD cohort to help
control for variables not collected in the study. The prevalence
of sleep disturbances was estimated at 45% and 66% for the
TD and ASD cohorts, respectively. Analysis of the sleep en-
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leg movements in sleep, or restless legs syn-
drome. In addition, parents reported adequate
sleep-hygiene practices, and these findings were substantiated by
low bedtime resistance subscale scores. The two predominant
sleep disorders identified in the ASD cohort were behavioral in-
somnia of childhood (sleep-onset type) and insomnia due to PDD
(Code 327.15) (ICSD-2).77

The findings from our study are consistent with those from
Wiggs and Stores’ landmark study utilizing actigraphy in chil-
dren with ASD.? They identified behavioral insomnia as a pre-
dominant sleep disorder in children with ASD. However, they
also noted that some children with ASD woke at night and did not
alert their parents, which they termed “contented sleeplessness.”
This “contented” behavior is not often described in TD children
with sleep association disorder. These children often alerted their
parents by coming into their bedrooms or crying out at night.
This finding highlights the need to investigate all possible causes
of insomnia in children with ASD. The contented sleeplessness
group supports the possibility that insomnia experienced by chil-
dren with ASD may not be due to behavior causes alone. In 2006,
Malow and colleagues also documented that the predominant
sleep disorder in children with ASD could be best described as
insomnia, difficulty falling and staying asleep.*

Insomnia Due to PDD—ICSD-2

There are multiple hypotheses for intrinsic causes of sleep dis-
turbances in children with ASD, including abnormal melatonin
rates and rhythms, Clock/Clock-related gene anomalies, and syn-
aptic pathway and gene anomalies.”®® The most robust evidence
is related to abnormal melatonin rhythms and peaks.”® Abnormal
melatonin levels have been identified in individuals with ASD
by multiple investigators.’*3* Melatonin, produced in the pineal
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Table 8—Sleep Diagnoses in 59 Children with Autism Spectrum Disorders

Sleep diagnoses No. (%)
None 9(15.2)
No sleep problems at present, on medication that improves 11 (18.6)
sleep?

Insomnia possibly due to a medical condition 6 (10.2)
Behavioral insomnia of childhood—sleep association type 12 (20.3)
Behavioral insomnia of childhood—limit-setting type 6(10.2)
Parasomnias (associated with night waking) 3 (5)
Symptoms of sleep disordered breathing 1(2)
Insomnia due to pervasive developmental disorders 11(18)

aMedications used to improve sleep include melatonin n = 4, atypical
neuroleptic n = 6, and Catapres n = 1.

gland in the brain, is sensitive to light and plays a role in phase
setting the circadian pacemaker.* Sleep-initiation problems may
be due to a late peaking melatonin rhythm. Night wakings and
early rising may be a result of reduced melatonin-rhythm ampli-
tudes. In addition, there is emerging evidence of the efficacy of
exogenous melatonin in children with ASD.3¢3® However, further
systematic research is urgently needed to understand the role me-
latonin plays in sleep disturbances among children with ASD and
the safety and efficacy of melatonin as a sleep aid.

In 2002, Clock/Clock-related gene anomalies were suggested
as possible contributory factors in the etiology of core deficits
of autism involving temporal synchrony and social timing
deficits.*” Results from genetic linkage studies from multiplex
families implicated chromosome 2q as a possible autism site,
and region 2q37 has been found to code for circadian rhythm in
humans.* This hypothesis was further tested in 2007, when 2
Clock gene variants of Perl and Npas2 were found to be asso-
ciated with a 110 member autism cohort from Autism Genetic
Resource Exchange.”” However, the sample size and lack of
significance after corrections for multiple analyses merits fur-
ther large-scale investigations.*®

Another hypothesis is that synaptic pathway and gene anoma-
lies associated with ASD alter levels of monoaminergic neu-
rotransmitters associated with the wake state.?® This arousal
dysregulation may be the underlying mechanism of the high
levels of agitation, anxiety, and fears experienced by children
with ASD and may contribute to their difficulties in initiating and
maintaining sleep.” In this study, parents reported that their chil-
dren’s high levels of anxiety, repetitive thoughts, fears, difficulty
with transitions, and hypersensitivity to environmental stimuli
may have contributed to prolonged sleep latency, night wakings,
and early rising. These findings suggest that children with ASD
may be experiencing a “hyperaroused” state similar to that of pri-
mary insomnia described in adults.*' Converging areas of recent
inquiry suggest that a hyperaroused state may impair cognition
and produce behavior symptoms, including inattention, hyperac-
tivity, anxiety, and panic, and may result in insomnia.*> Arousal
dysfunction may play a significant role in the high prevalence of
sleep disturbances in this population.**

Prevalence Data: TD Cohort
The 45% prevalence of mild sleep disturbances in the TD
cohort is consistent with previously published studies and
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highlights pediatric sleep debt as a public health problem of
concern.’ Although only 12.5% of the TD cohort parents were
worried about their child’s sleep, the prevalence of disturbed
sleep in the TD cohort was demonstrated by standardized mea-
sures. The National Sleep Foundation recommends 10 to 11
hours of sleep per night for children aged 4 to 10 years. Howev-
er, in this study, sleep-diary data showed a mean sleep duration
of 9.8 hours (591 minutes), and actigraphy revealed, on aver-
age, 7.8 hours (469 minutes) of sleep. The Sadeh algorithm has
a low activity threshold and defines a small number of activity
counts in a l-minute epoch as an awake epoch.* As a result,
the algorithm may be interpreting the child’s movement during
sleep as wakefulness, thereby underestimating total sleep time.
The algorithm has a high sensitivity for sleep and consequently
has the best predictive value for sleep.

Despite the limitations of actigraphy as a proxy for sleep,
these objective findings are consistent with results from the val-
idated sleep questionnaire, CSHQ, which showed a disturbed
sleep prevalence estimate of 45% and elevated sleepiness sub-
scale scores. The high prevalence of mild sleep disturbances
in this study suggests that all children should be screened for
sleep disturbances during routine pediatric primary care with a
validated sleep questionnaire, and parents should be educated
on strategies to promote strong sleep behaviors.

Prevalence Data: ASD Cohort

The prevalence of sleep disturbances in our sample of chil-
dren with ASD was 66%, is within the range of previously pub-
lished studies, and confirms the endemic sleep problems these
families face.*® The subjective and objective data showed that,
in addition to occurring more frequently, the sleep disturbances
in the ASD cohort were more severe than in the TD cohort.
The sleep latency for all 3 subgroups was statistically different
from the TD cohort, showing that children across the autism
spectrum have difficulties falling asleep (Figure 3). The results
of this study are consistent with the previously published results
of studies that found no correlation between cognitive ability
and sleep disturbances.’* It is noteworthy that the subjective
and objective measures in this study had very similar estimates
of the rate of sleep disturbances in the ASD cohort, further sup-
porting the validity of these measures in the ASD population.
Future research investigating the options for actigraphy place-
ment should also be pursued.

Medications and Severity of Sleep Disturbances

Children with ASD taking sleep medication had, on average,
more disturbed sleep, higher scores on the CSHQ subscales,
and higher actigraphy recording scores than did children with
ASD not taking sleep medication. These findings suggest that
the use of sleep medication is not, on average, restoring sleep
to “normal” and is more a predicator of sleep disturbances.
However, parents voiced concern that, even though the sleep
medications did not resolve the sleep problems, they decreased
the severity of their child’s sleep problems and improved the
quality of their lives.

Conclusions
The prevalence of mild sleep disturbances (45%) in the TD
cohort and moderate sleep disturbances (66%) in the ASD cohort

Sleep in Autism—Souders et al



were estimated. Analysis of the sleep environment, sleep-hygiene
practices, and subjective and objective measures of sleep for each
child, in the context of their family, home, and community, pro-
vided evidence that the difference in prevalence and severity of
sleep disturbances between the 2 cohorts may be a function of the
underlying neurobiologic disorder, namely, ASD. The 2 predomi-
nant sleep disorders identified in the ASD cohort were behavioral
insomnia of childhood—sleep-onset type and insomnia due to
PDD (ICSD-2).*" Research for the etiology and treatment of sleep
disturbances in children with ASD is urgently needed. Further
studies exploring the causal mechanisms of insomnia in children
with ASD, as well as intervention studies aimed at improving
their sleep through behavior, pharmacologic, and integrative mo-
dalities, is warranted. Ultimately, future studies may elucidate the
likely complex contributions of genes from multiple loci toward
the ASD phenotypes, including sleep patterns and insomnia.
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