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Abstract We explored possible cognitive, behavioral,

emotional, and physiological risk markers for sleep distur-

bance in children with autism spectrum disorders. Data from

1,583 children in the Autism Treatment Network were ana-

lyzed. Approximately 45 potential predictors were analyzed

using hierarchical regression modeling. As medication could

confound findings, it was included in the analyses as a

covariate. Results revealed that anxiety, autism symptom

severity, sensory sensitivities, and GI problems were asso-

ciated with sleep disturbance. IQ positively predicted sleep

disturbance, and children with Asperger’s Disorder were

more vulnerable than others. The amount of variance in sleep

outcomes explained by predictor variables was modest (i.e.,

R2 from .104 to .201). Predictor variables were evaluated in

the context of a bidirectional theoretical framework.

Keywords Autism spectrum disorder � Sleep disturbance �
Correlates � Risk markers

Introduction

The prevalence of insomnia in children with autism spec-

trum disorders (ASDs) is reported to range from 40 to 80 %

(Johnson et al. 2009), and investigators have been evalu-

ating possible risk markers for insomnia. Areas of interest

include physiological, behavioral, and the emotional

characteristics. Over the recent past, investigators have

examined the relationship between intellectual functioning,

overall development, and sleep with mixed results. Several

studies showed significant associations between level of

intellectual functioning and sleep (Williams et al. 2004;

Gabriels et al. 2005; Bruni et al. 2007; Giannotti et al.

2008; Taylor et al. 2012), while the results of other studies

did not reveal a relationship (Patzold et al. 1998; Diomedi

et al. 1999; Krakowiak et al. 2008; Mayes and Calhoun

2009; Autism Treatment Network 2010). A few studies

showed that age was a predictor of sleep problems (Gian-

notti et al. 2008; Mayes and Calhoun 2009; ATN 2010) and

that sleep problems vary with age (Goldman et al. 2012).

Some researchers have found that children with neuro-

developmental disorders (including epilepsy) are at risk for

insomnia (Williams et al. 2004; Liu et al. 2006; Kotagal

2007; Giannotti et al. 2008; Mayes and Calhoun 2009;

Touchette et al. 2009), and that disturbed sleep could also

be the result of medical conditions (Williams et al. 2004;

Reid et al. 2009). Insomnia has been associated with gas-

trointestinal problems, acid reflux, allergies to milk, and

colic (Owens and Witmans 2004; Williams et al.; Liu et al.

2006; Touchette et al. 2009; ATN 2010).

Investigators have evaluated autism symptom severity to

determine whether more severe ASD predicted sleep

problems (Patzold et al. 1998; Ehlers et al. 1999; Tani et al.

2003; Gabriels et al. 2005; Allik et al. 2006; Goldman et al.

2009; Mayes and Calhoun 2009). The majority of studies
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showed that children with more severe symptoms of ASD

were at risk.

Level of adaptive functioning was also evaluated for its

predictive value. One study showed no association (Krak-

owiak et al. 2008); while the other revealed that lower

adaptive functioning was associated with disturbed sleep

(Taylor et al. 2012). Child internalizing behavior has also

been implicated (Reid, et al. 2009; Patzold et al. 1998; Tani

et al. 2003; Ivanenko et al. 2004; Limoges et al. 2005; Dahl &

Harvey 2007; Allik et al. 2006; Malow et al. 2006; Mayes

and Calhoun 2009). Similarly, externalizing behavior has

been of interest; disturbed sleep was associated with hyper-

activity, disruptive behavior, and aggression (Mindell 1993;

Patzold et al. 1998; Owens and Witmans 2004; Malow et al.

2006; McGrew et al. 2007; Meltzer and Mindell 2008; Ma-

yes and Calhoun 2009; Goldman et al. 2009).

To summarize, level of intelligence, age, medical con-

ditions, and neurodevelopmental disorder were all associ-

ated with sleep difficulties. A strong relationship between

internalizing and externalizing behavior and sleep distur-

bance was also established. Children with ASDs may be at

risk for sleep problems in part because of the unique

behavioral characteristics of autism.

In a recent review of the literature Hollway and Aman

(2011a, b) proposed a theoretical model for predicting

sleep disturbance in children with ASD. This bidirectional

theoretical framework was posited based on past research.

The model illustrated that intellectual functioning was a

moderator of autism symptom severity and ultimately of

insomnia. Core symptoms of autism served as vulnerability

factors and predisposed children to insomnia when pre-

sented with environmental stressors. The model main-

tained that each of the three autism core symptoms created

an additive effect that increased maladaptive coping

mechanisms such as internalizing behavior, externalizing

behavior, and overarousal by decreasing likelihood of

sleep. The effects of comorbid medical conditions were

also depicted as predictors of sleep disturbance. A bidi-

rectional component was also portrayed, as studies have

shown that lack of sleep may exacerbate maladaptive

responding. See Fig. 1.

Although, a number of variables were revealed to be

related to disturbed sleep in children with autism, the

results were often mixed and inconclusive. Therefore,

further exploration of these variables in a much larger

sample was conducted to replicate findings and provide a

foundation for evidence-based interventions. This study

had four objectives, namely to determine whether (1) an

inverse association existed between disturbed sleep, intel-

lectual functioning, adaptive behavior, age, and parent

education, (2) a positive association existed between sleep

disturbance, autism symptom severity, and internalizing

and externalizing behavior, (3) medical issues such as

epilepsy, GI problems, and medication use, were positively

associated with sleep disturbance, and (4) multiple com-

ponents of Hollway and Aman’s model for sleep distur-

bance would be confirmed by this study.

Methods

Study Participants

Data were taken from 1,583 children enrolled in the ATN

study. The ATN maintained a large national registry for

children with ASDs, and 17 sites were collecting standard

data on every child enrolled (Lajonchere et al. 2012). Study

participants were enrolled if they met the diagnostic criteria

for an ASD based on the Autism Diagnostic Observation

Schedule (ADOS) (Lord et al. 2001) and DSM-IV criteria

(American Psychiatric Association 2000). Participants

were 2–17 years of age (M = 6.34, SD = 3.5). Eighty-four

<=============Vulnerability Factors=================> <==Environmental==> <=========Maladaptive Coping=======>
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Fig. 1 Bidirectional theoretical framework for insomnia in children with ASDs. Note Figure reproduced from ‘‘Sleep Correlates of Pervasive

Developmental Disorders: A review of theliterature,’’ by Hollway and Aman (2011b)
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percent of participants were male (n = 1327) and 16 %

were female (n = 256). A breakdown of racial character-

istics revealed that 81 % were Caucasian (n = 1236), 7 %

were African American (n = 103), 6 % were Asian

(n = 94), and 6 % fell in the ‘‘Other’’ category (n = 95).

Approximately 10 % of study participants were Hispanic.

As for PDD categories, 65 % of study participants had

autism (n = 1032), 10 % Asperger’s Disorder (n = 152),

and 25 % Pervasive Developmental Disorder Not Other-

wise Specified (PDD-NOS) (n = 399).

Demographics

Demographic characteristics of the sample appear in

Table 1.

Missing data analyses revealed that there were no signifi-

cant differences between participants with gastrointestinal

problems, respiratory problems, and seizures. However, par-

ticipants with and without missing data differed significantly

on two medication categories (melatonin and melatonin ago-

nists, v2 = 6.619, df = 1, N = 1583, p \ .05, phi .065;

stimulants, v2 = 7.787, df = 1, N = 1583, p \ .01, phi .070).

Study Design

This was a cross-sectional study, and the results of the

analyses reflect one point in time for the variables of

interest. The study was approved by Ohio State Univer-

sity’s Institutional Review Board.

Study Measures

Outcome Variables

Children’s Sleep Habits Questionnaire (CSHQ) The

CSHQ is a valid measure of sleep problems with good

psychometric properties (Owens et al. 2000). The CSHQ

was designed for use in children ages 4–12. It includes 48

items and is rated over the previous week by parents to

screen for the most common sleep problems. The Total

Sleep Disturbance Score consists of 33 out of 48 items. The

CSHQ contains items related to eight sleep domains as

follows: (1) bedtime resistance (2) sleep onset latency, (3)

sleep duration, (4) anxiety around sleep, (5) night awak-

enings, (6) sleep disordered breathing, (7) parasomnias and

(8) morning waking/daytime sleepiness. The CSHQ was

used as the primary outcome for this study.

Predictor Variables

Vineland Adaptive Behavior Scale (VABS) (Sparrow et al.

1984) The VABS is a parent interview designed to exam-

ine functional skills in developmental domains called

Communication, Socialization, Daily Living Skills, and

Motor Skills. The VABS provides an Adaptive Behavior

Composite Score, based on domain scores for children up to

age 5 years and 11 months. For older children, the com-

posite score is based on all but the Motor Skills domain. The

VABS Composite is an estimate of overall adaptive behav-

ior. Relationships between three adaptive behavior domain

scores and sleep disturbance were evaluated in the primary

analyses.

Mullen Scales of Early Learning (MSEL) (Mullen

1995) The MSEL are used to assess cognitive functioning

in young children from birth to 5.5 years. The five brief

scales measure early cognitive and motor development.

The cognitive scores may be summarized into an Early

Learning Composite score, and age equivalence scores

were derived from the subscale raw scores. The MSEL was

used to characterize the ATN study sample, and IQ was

also estimated for younger participants.

Stanford-Binet Intelligence Scale: Fifth Edition (SB5)

(Roid 2003) The SB5 was used to characterize the study

sample and for its predictive properties.

Demographics, Medical and Medication Histo-

ries Demographics included age, race, gender, ASD

diagnosis, regressed autism (developmental regression),

and parent education. Medical histories included data on

comorbid medical conditions (epilepsy and gastrointestinal

problems). Medication histories provided information

regarding all types of medicines taken at assessment.

Child Behavior Checklist (CBCL) (Achenbach

1991) Two parent-rated versions of the CBCL were used.

The first was for preschool children, ages 1.5–5 years, and

the second for children and adolescents 6–18 years of age.

The CBCL for younger children consists of 99 items

addressing specific behavioral and emotional problems.

Parents rated each behavior on a 3-point Likert-scale

(0 = not true, to, 2 = very often true). The scores were

summed to supply total scores for seven syndrome scales

(Emotionally Reactive, Anxious/Depressed, Somatic Com-

plaints, Withdrawn, Sleep Problems, Attention Problems,

Aggressive Behavior) and five DSM-IV-derived scales

(Affective Problems, Anxiety Problems, Pervasive Devel-

opmental Problems, Attention Deficit Hyperactivity Prob-

lems, Oppositional Defiant Problems). The CBCL for older

children and adolescents (6–18 years of age) consists of 118

items including two open-ended items. Scoring items is the

same as for the younger-child version, but types and number

of subscales differ. We analyzed the T-scores of the sub-

scales that had clear counterparts in both versions (i.e.,
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Affective, Anxiety, Attention, and Oppositional DSM-IV

subscales; Somatic and Aggressive Syndrome subscales).

Autism Diagnostic Observation Schedule (ADOS) (Lord

et al. 2001) The ADOS is a semi-structured diagnostic

assessment based on a series of scheduled observations. It

consists of a number of social presses, which allow the

examiner to code behaviors that are related to ASDs. The

ADOS is used to evaluate persons from toddlerhood to adult-

hood, and it provides a diagnostic classification of ASD. The

newly revised diagnostic algorithm totals for each subscale

were calculated to increase comparability between modules

and were to determine whether autism symptom severity was a

predictor of sleep problems (Gotham et al. 2008).

Table 1 Summary and comparison of autism treatment network (ATN) sample characteristics with and without missing data

Characteristic Cases with missing data

(n = 407)

Cases with no missing data

(n = 1176)

p

Male sex—no./total no. (%) 345/407 (85) 982/1176 (84) .30

Ages—no./total no. (%)

\5 147/407 (36) 456/1176 (39) .49

5–6 104/407 (26) 269/1176 (23)

7–12 91/407 (22) 283/1176 (24)

13–17 65/407 (16) 168/1176 (14)

Age mean ± SD (range) 6.47 ± 3.49 (2–17) 6.29 ± 3.47 (2–17) .37

Race—no./total no. (%)

Asian 20/352 (6) 74/1176 (6) .21

African American 31/352 (9) 72/1176 (6)

Caucasian 284/352 (81) 952/1176 (81)

Other 17/352 (5) 78/1176 (7)

Autism spectrum disorder—no./total no. (%)

Autism 273/407 (67) 759/1176 (65) .53

Asperger’s syndrome 34/407 (8) 118/1176 (10)

Pervasive developmental disorder-not otherwise specified 100/407 (25) 299/1176 (25)

Regressed autism—no./total no. (%) 54/388 (14) 139/1176 (12) .16

Intelligence level (IQ range)—no./total no. (%)

Superior (C121) 10/407 (2.5) 46/1176 (4) .63

High average/average IQ (120–90) 104/407 (26) 360/1176 (31)

Low average/borderline IQ (89–70) 89/407 (22) 273/1176 (23)

Mild or moderate intellectual disability (69–40) 192/407 (47) 465/1176 (40)

Severe intellectual disability (39–9) 12/407 (3) 31/1176 (3)

IQ mean ± SD (range) 72.97 ± 24.44 (9–133) 76.56 ± 25.42 (9–148) .35

VABS Adaptive Behavior—mean ± SD

Communication (d = .26) 71.91 ± 16.52 75.43 ± 16.24 .001

Socialization 69.07 ± 12.08 70.32 ± 12.31 .10

Daily living skills (d = .22) 72.08 ± 14.94 75.75 ± 14.61 .001

Parent education level—no./total no. (%)

\High school [phi .087] 19/311 (6) 28/1176 (2) .01

High school and some college 142/311(46) 545/1176 (46)

Bachelor’s degree 89/311 (29) 356/1176 (30)

Graduate degree 61/311 (20) 247/1176 (21)

Sleep outcome variables

Poor sleepers—no./total no. (%) 124/389 (32) 378/1176 (32) .49

CSHQ 23-item Total—mean ± SD 34.90 ? 8.04 (4–60) 35.48 ? 8.16 (20–69) .22

Bedtime Resistance 9.00 ± 3.36 (1–18) 8.95 ± 3.21 (4–18) .77

Sleep Duration 4.31 ± 1.71 (2–9) 4.29 ± 1.70 (1–9) .87

Sleep Anxiety 6.02 ± 2.11 (1–12) 5.98 ± 2.02 (2–12) .72

Chi square statistical analyses and t tests revealed only minor group differences
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Short Sensory Profile (SSP) (Dunn 1999) The Short

Sensory Profile is a 38-item caregiver questionnaire that

measures responses to sensory events in daily life. The

items are grouped into three sections: Sensory Processing,

Modulation, and Behavioral and Emotional responses. The

seven subscales target Tactile Sensitivity, Under-Respon-

siveness/Seeks Sensation, Auditory Filtering, Visual/

Auditory Sensitivity, Low Energy/Weak, Taste/Smell

Sensitivity, and Movement Sensitivity. The SSP uses a

5-point Likert-scale and scores indicate more impairment.

Procedures

Continuous Sleep Outcome Variables

Children’s Sleep Habits Questionnaire (CSHQ) Instead

of using the CSHQ 33-item Total cut-point of C41 which

was established to determine good and poor sleepers

(Owens et al. 2000), we opted to analyze the CSHQ

insomnia subscale and 33-item total scores as continuous

variables for increased power. We also computed sleep

duration variables and, in the end, we had a total of 12

sleep outcome variables.

Using all subscale scores and the newly computed sleep

duration variables from the CSHQ, we calculated correla-

tions between the 12 sleep variables, and then computed

squared correlations. The squared correlations were then

averaged, and the square root of the mean squared correla-

tions was calculated. This allowed us to determine which

CSHQ variables showed the greatest magnitude of associa-

tion with the others and provided a means for a straightfor-

ward process of elimination. Sleep Disordered Breathing and

Parasomnias were only mildly related to the insomnia sub-

scales, and these variables were eliminated from subsequent

analyses. To be consistent, the items were also dropped from

the CSHQ 33-item Total score, and in the end the final pri-

mary outcome variable included 23-items, the total of all

items listed in the insomnia subscales of the CSHQ. The

square root of the squared correlation means were recalcu-

lated, and the results are shown in Table 2. Subsequently, we

were able to reduce the number of CSHQ outcome variables

and retained only those outcomes with the greatest magni-

tude of association to one another. The two primary out-

comes included, the CSHQ 23-item Total score and the Sleep

Duration subscale score, and the two secondary outcomes

included, Bedtime Resistance and Sleep Anxiety.

Predictor Variables and Covariates

Medication Use One aim was to determine whether

medication use contributed to sleep disturbance or whether

it alleviated sleep disturbance, which could be considered

an investigational confound. In order to describe pharma-

cological treatment, we classified all medications reported.

When classification was complete, type of medication was

entered into the analyses as a covariate to ensure that

we were not assessing effects that might be due to

Table 2 The square root of the squared correlation means, continuous sleep variables and CSHQ 23-item Total Scores (n = 1583)

Outcomes WDTST WASO WETST CSHQ 23a Bedtime

Resistance

Sleep

Duration

NAWs Sleep

Anxiety

Daytime

Sleepiness

Sleep Onset

Delay

WDTST -.50** .74** -.27** - .12** -.39** -.17** -.08** -.15** -.22**

WASO -.50** -.49** .22** .11** .30** .24** .07** .06* .17**

WETST .74** -.49** -.17** -.12** -.32** -.16** -.10** -.15** -.18**

CSHQ 23 -.27** .22** -.17** .60** .61** .53** .60** .58** .54**

Bedtime Resistance -.12** .11** -.12** .60** .28** .38** .73** .17** .26**

Sleep Duration -.39** .30** -.32** .61** .28** .34** .25** .30** .43**

NAWs -.17** .24** -.16** .53** .38** .34** .36** .16** .20**

Sleep Anxiety -.08** .07* -.10** .60** .73** .25** .36** .20** .19**

Daytime Sleepiness -.15** .06* .01 .58** .17** .30** .16** .20** .20**

Sleep Onset Delay -.22** .17** -.18** .54** .26** .43** .20** .19** .20**

Corr mean .29 .24 .25 .46 .31 .36 .28 .29 .22 .26

Sq Rt of squared corr mean .36 .27 .33 .49 .37 .35 .31 .36 .24 .29

No Parasomnias or Sleep Disordered Breathing items

Please note that the square root of the squared correlation means were largest for the four identified (Italicized) outcome variables

WDTST weekday total sleep time, WETST weekend total sleep time, WASO time in minutes awake after sleep onset, NAW number of awakening per night

* p B .05; ** p B .01
a Italicized columns indicate primary outcome variables
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medications. We created nine categories of medications:

(1) melatonin, melatonin agonists, and antianxiety medi-

cations; (2) alpha agonists; (3) antipsychotics; (4) psy-

chostimulants; (5) selective serotonin reuptake inhibitors

(SSRIs); (6) cyclic antidepressants; (7) anticonvulsants; (8)

antiasthmatics; and (9) antihistamines.

IQ Our primary analyses included the SB-5 composite

scores and the MSEL composite scores integrated as one

continuous variable.

Age The age variable was analyzed both as a continuous

variable and after recoding into four age categories. The

age categories were \5 years, 5–6 years, 7–12 years, and

13–17 years. Recoding the variable into four separate age

categories prior to analysis allowed for the possibility that a

non-linear relationship existed between the outcome vari-

ables and the age category coefficients. This was important

because of the differences shown in sleep patterns within

the human lifespan (Acebo, et al. 2005; Carskadon &

Acebo 2002; Nixon et al. 2008; Ohayon et al. 2004). The

age group coefficients were plotted, which revealed that the

coefficients were linear and did not disqualify use of the

continuous age variable in the primary analyses.

Data Management

Missing Data Analyses A missing data analysis was

conducted in SPSS to describe the pattern of missing data

and to determine whether the data were missing at random.

In addition, we ran analyses on the demographic variables

between cases with and without missing data, to look for

significant differences between groups.

Variable Reduction Procedures To reduce the number of

predictor variables to be evaluated, we ran t tests, v2 tests,

correlations, and analysis of variance (ANOVA) signifi-

cance tests. All variables significant at B.10 were retained

for the primary analyses and those C.10 were eliminated

from analyses. We eliminated at the .10 significance level

instead of the .05 level in order to ensure that we did not

remove an important predictor from the analyses.

Hierarchical Regression Models Hierarchical regression

models were selected to (a) expose any confounding or

spurious relationships, (b) establish causal priority, and

(c) correct for capitalization on chance (Cohen et al.

2003; Leech et al. 2005). We added the medication cat-

egories in the first block of the hierarchy to account for

any confounding effects of medication. Next, we gave

priority to predictor variables that had previously been

found to contribute to sleep disturbance. The priority of

possible predictors was based on the literature review

conducted by Hollway and Aman (2011b). In addition,

the significance and contribution of each beta weight was

reviewed following the initial analysis to ensure the best

linear combination of predictors. If necessary, the

regressions were conducted again implementing the more

efficient model.

Results

Primary Regression Analyses

CSHQ 23-Item Total Score

An HMLR was conducted to determine the best linear

combination of the independent variables for predicting the

CSHQ 23-item Total Score. The combination of predictors

in Table 3 significantly predicted the CSHQ 23-item Total

Score [F(12, 1,376) = 27.345, p \ .001], with all eight

hierarchical blocks significantly contributing to the pre-

diction. Beta weights presented suggested that the CBCL

Anxiety Problems scale score contributed the most to the

variance in the CSHQ 23-item Total Score and that

regressed autism, GI problems, and age, also contributed to

the prediction. To a lesser degree, having Asperger’s Dis-

order, lower scores on the SSP underresponsive and sen-

sation seeking subscale, or the SSP auditory filtering

subscale, in addition to having higher scores on the ADOS

reciprocal social interactions algorithm, and taking anti-

depressants, alpha agonists, or melatonin agonists, also

contributed to the prediction. R2 value was .193, indicating

that 19.3 % of the variance in the CSHQ 23-item total

score was explained by this model, a small-to-moderate

effect (Cohen 1988). As medications accounted for about

3 % of the variance, the remaining variables accounted for

about 16 % of the variance.

CSHQ Sleep Duration

An HMLR analysis determined the best linear combination

of independent variables for predicting CSHQ Sleep

Duration subscale score. The combination of predictors in

Table 4 significantly predicted the CSHQ Sleep Duration

subscale score [F(5, 1,430) = 33.101, p \ .001], with all 4

hierarchical blocks significantly contributing to outcome.

Beta weights suggest that VABS Communication Domain

Standard, CBCL Anxiety Problems subscale, and CBCL

Somatic Complaints score contributed the most to the

variance in CSHQ Sleep Duration score. To a lesser

degree, taking alpha agonists and melatonin agonists con-

tributed to the prediction. The R2 value indicated that
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10.4 % of the variance in the CSHQ Sleep Duration sub-

scale score was explained by this model, a small effect

(Cohen 1988). As medicines accounted for about 3 % of

the variance, the remaining variables accounted for only

about 7 % of the variance.

Secondary Regression Analyses

CSHQ Bedtime Resistance

An HMLR was conducted to determine the best linear

combination of variables for predicting Bedtime Resis-

tance. The combination of predictors in Table 5 signifi-

cantly predicted Bedtime Resistance [F(7, 1,425) =

35.733, p \ .001], with all five hierarchical blocks con-

tributing to the prediction. Beta weights suggest that anxiety

and age contributed the most to variance in CSHQ Bedtime

Resistance scores. Being Asian, having higher scores on the

ADOS Reciprocal Social Interactions algorithm, and taking

melatonin agonists, also contributed to prediction. In all,

14.9 % of the variance in the Bedtime Resistance subscale

score was explained by this model, a small-to-moderate

effect (Cohen 1988). As melatonin agonists accounted for

less than 1 % of the variance, the remaining predictors

accounted for almost all variance in Bedtime Resistance.

CSHQ Sleep Anxiety

The combination of variables in Table 6 significantly pre-

dicted the CSHQ Sleep Anxiety score [F(7, 1,416) =

50.848, p \ .001]. Beta weights suggest that CBCL Anx-

iety Problems scores and age contributed the most to the

variance, and that taking a melatonin agonist or an SSRI,

and having lower scores on the SSP Taste/Smell Sensi-

tivities subscale also contributed to prediction. To a lesser

degree GI problems and level of intelligence also contrib-

uted. In all, 20.1 % of the variance in the Bedtime Resis-

tance subscale score was explained by this model, a

small-to-moderate effect. Melatonin agonists and SSRIs

accounted for about 2 % of the variance.

Table 3 Hierarchical multiple linear regression analyses predicting CSHQ 23-item Total scores

Predictors/covariates Ba SEB b p R2Db Cum. R2

Older antidepressants 2.775 1.219 .056 .023

Alpha agonists 1.933 .862 .057 .025

Melatonin agonistsc 2.188 .714 .076 .002

Block 1 .027 .027

CBCL Anxiety Problems .239 .023 .283 .001

Block 2 .106 .133

Gastrointestinal problems 2.607 .591 .108 .001

Block 3 .003 .136

Regressed autism 2.857 .615 .117 .001

Block 4 .021 .157

Age -.200 .062 -.085 .001

Block 5 .006 .163

SSP Underresponsive/Seeks Sensation -.093 .038 -.072 .014

-.126 .050

Auditory filtering -.077 .012

Block 6 .012 .175

ADOS Reciprocal Social Interaction .135 .061 .061 .028

Block 7 .011 .186

ASP Dx 2.516 .743 .091 .001

PDD-NOS Dx .763 .501 .041 .128

Block 8 .007 .193

Model 8, R2 = .193; F(12, 1,376) = 27.345, p \ . 001
a Regression coefficients reflect Model 8 when all predictors are added into the equation
b R2D reflects the additional change in R2 for each consecutive block in the regression equation
c None of the other drug groups predicted unique variance
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Discussion

Summarizing Predictor Variables

Whereas numerous possible predictors of sleep problems

were explored, only a few were confirmed as placing

children with ASDs at risk for sleep difficulty. Table 7

summarizes the results.

Predictor Variables and Magnitude of Association

Of the four hierarchical multiple linear regression analyses,

the model of best fit explained 20 % of the variance in

Sleep Anxiety scores when all predictors were entered into

the equation (i.e., R2 = .201). Each of the other three

models in Study 1 explained less variance in sleep out-

comes: (a) CSHQ 23-item Total, R2 = .193; (b) Bedtime

Resistance, R2 = .149; (c) and Sleep Duration, R2 = .104.

This was somewhat disappointing considering the large

sample size and the large range of predictors explored.

However, this may be the best one can hope for in corre-

lational sleep research. According to Ferguson (2009), all

reported R2s were above the recommended minimum effect

size for representing a ‘‘practically’’ significant effect in

social science data. In addition, the current study results

were found to be comparable with other independent

research (Taylor et al. 2012; Giannotti et al. 2008; Schreck

et al. 2004).

Conceptualizing Sleep Dysfunction in Children

with ASDs

We hypothesized that a number of variables would be

positively and negatively associated with sleep disturbance

in children with ASDs. Our hypotheses were based on a

comprehensive review of the sleep literature and a ‘‘Bidi-

rectional Theoretical Framework of Sleep Disturbance’’

was posited to organize risk markers for sleep disturbance

Table 4 Hierarchical multiple linear regression analyses predicting

Sleep Duration total score

Predictors/covariates Ba SEB b p R2Db Cum.

R2

Alpha agonists .760 .181 .107 .001

Melatonin .374 .156 .061 .017

Agonistsc

Block 1 .029 .029

CBCL Anxiety

Problems

.025 .005 .141 .001

Block 2 .037 .066

CBCL Somatic

Complaints

.028 .006 .139 .001

Block 3 .016 .081

VABS

Communication

-.016 .003 -.151 .001

Block 4 .022 .104

Model 4, R2 = .104; F(5, 1,430) = 33.101, p \ . 001
a Regression coefficients reflect Model 4 when all predictors are

added into the equation
b R2D reflects the additional change in R2 for each consecutive block

in the regression equation
c None of the other drug groups predicted unique variance

Table 5 Hierarchical multiple linear regression analyses predicting Bedtime Resistance total scores

Predictors/covariates Ba SEB b p R2Db Cum. R2

Melatonin agonistsc 1.072 .280 .095 .001

Block 1 .007 .007

CBCL Anxiety Problems .089 .008 .267 .001

Block 2 .031 .031

Age -.238 .024 -.256 .001

Block 3 .069 .106

Asian 1.825 .336 .134 .001

African American 1.063 .321 .082 .001

Other race .869 .329 .065 .008

Block 4 .029 .135

ADOS Reciprocal Social Interactions .109 .022 .124 .001

Block 5 .015 .149

Model 5, R2 = .149; F(7, 1,425) = 35.733, p \ .001
a Regression coefficients reflect Model 5 when all predictors are added into the equation
b R2D reflects the additional change in R2 for each consecutive block in the regression equation
c None of the other drug groups predicted unique variance
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in ASD. In the discussion to follow, we explain how well

results of this study fit the hypotheses. Some predictor

variables were consistent and fit well within the frame-

work, while other predictor variables were inconsistent

with the model presented, and still others remained

inconclusive (i.e., neither consistently confirming nor dis-

confirming the model). Please refer back to Fig. 1 for

clarification.

Vulnerability Factors

Level of Intellectual Functioning

One of the more surprising results of this study was that IQ

was positively associated with one outcome, Sleep Anxiety

scores on the CSHQ. Although, the outcomes of previous

research revealed mixed results in general, the model was

based on the belief that lower-functioning individuals have

more severe symptoms and poorer coping skills and

therefore exhibit more sleep problems when compared to

higher-functioning individuals. This inconsistency with

Hollway and Aman’s (2011b) conceptual model indicates

that other factors may be involved. For example, a review

of the results shown in Table 3 reveals that the ASD sub-

type, Asperger’s Disorder, contributed to the variance in

CSHQ 23-item Total scores. Considering the DSM-IV-TR

diagnostic criteria for Asperger’s Disorder, there should be

no clinically significant delays in language acquisition or

cognitive development (American Psychiatric Association

2000). Although IQ positively predicted Sleep Anxiety, it

did not predict the other three sleep outcomes. Thus, when

considering ‘‘vulnerability factors’’ for disturbed sleep, it

may be necessary, but not sufficient, to consider level of

intellectual functioning alone. ASD subtype may be the

conditional factor at work.

Autism Symptom Severity and Sleep: Regressed Type

of Autism

Developmental regression contributed to the variance

shown in CSHQ 23-item Total scores (see Table 3). These

results are consistent with recent literature that reported

more sleep problems in children with developmentally

regressed autism than non-regressed autism, or typically

developing children (Giannotti et al. 2008; Giannotti et al.

2011). In addition, previous investigators have found that

children with regressed autism often score lower on

Table 6 Hierarchical multiple linear regression analyses predicting

Sleep Anxiety total scores

Predictors/covariates Ba SEB b p R2Db Cum.

R2

Melatonin agonistsc .773 .174 .108 .001

SSRIs -.469 .189 -.063 .013

Block 1 .017 .017

CBCL Anxiety

Problems

.080 .005 .378 .001

Block 2 .135 .152

SSP Taste/Smell

Sensitivity

-.037 .009 -.103 .001

Block 3 .015 .167

Age -.107 .015 -.181 .001

Block 4 .027 .194

Gastrointestinal

problems

.380 .145 .063 .009

Block 5 .004 .198

IQ .004 .002 .056 .021

Block 6 .003 .201

Model 9, R2 = .201; F(7, 1,416) = 50.848, p \ .001
a Regression coefficients reflect Model 9 when all predictors are

added into the equation
b R2D reflects the additional change in R2 for each consecutive block

in the regression equation
c None of the other drug groups predicted unique variance

Table 7 Summary of predictors, associated with at least one

outcome

Predictor variable CSHQ
23-item
Total scores

Sleep
Duration

Bedtime
Resistance

Sleep
Anxiety

Melatonin agonists : : : :

Alpha agonists : : : =

Older
antidepressants

: = = =

SSRIs = = = ;

CBCL Anxiety : : : :

CBCL Somatic
Complaints

= : = =

Age ; = ; ;

IQ = = = :

GI Problems : = = :

Regressed autism : = = =

SSP

Underresponsive/
Sensory Seeking

; = = =

SSP Auditory
Filtering

; = = =

SSP Taste/Smell
Sensitivity

= = = ;

ADOS Reciprocal
Social

: = : =

VABS
Communication

= ; = =

:, positive association; ;, inverse association; equal sign (=), no
association
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intelligence tests and have more severe autism symptoms

than children who do not, especially in the area of

restricted and repetitive patterns of interest (Meilleur and

Fombonne 2009). Therefore, the result appears consistent

with Hollway and Aman’s (2011b) hypothesized model in

relation to IQ.

Autism Symptom Severity and Sleep: Communication

Deficits

An inverse association was found between VABS Com-

munication Domain and CSHQ Sleep Duration scores.

Consistent with the results of this study, a recent investi-

gation found a positive association between TST, the

number of hours a child napped, and VABS Communica-

tion scores (Taylor et al. 2012). It has been established that

a relationship exists between sleep, maturational cognitive

processes, and adaptive skills (Dan and Boyd 2006) and

that persons with developmental disabilities have altered

sleep patterns compared to their typically developing peers

(Diomedi et al. 1999; Harvey and Kennedy 2002; Bruni

et al. 2007; Giannotti et al. 2008; Johnson et al. 2009;

Giannotti et al. 2011). This may have implications for

children who are not sleeping well and are challenged daily

to acquire better communication skills. Neither the VABS

Daily Living Domain scores nor the Social Behavioral

Domain scores contributed to the variance in sleep out-

comes. We hypothesized that autism symptom severity

would predict sleep outcomes and results showed that

VABS Communication Domain scores, measuring one of

the core autism symptom domains, predicted sleep dys-

function. This is consistent with Hollway and Aman’s

framework (2011b).

Autism Symptom Severity and Sleep: Reciprocal Social

Interaction

Reciprocal social interaction as measured by the ADOS

contributed to the variance in CSHQ 23-item Total scores

and Bedtime Resistance. Poor Reciprocal Social Interac-

tion was correlated with problem behavior at bedtime.

Deficits in reciprocal social interactions were associated

with higher CSHQ 23-item Total scores and Bedtime

Resistance scores. Thus the results are consistent with the

hypothesized model.

Autism Symptom Severity and Sleep: Sensory Sensitivities

Lower scores on the Taste/Smell Sensitivities subscale of

the SSP (i.e., more impairment) were associated with

increased sleep anxiety. An inverse relationship was also

found between Underresponsive/Sensory Seeking subscale

scores, Auditory Filtering subscale scores, and CSHQ

23-item Total scores. To clarify, children who were un-

derresponsive, sensory seeking, and who displayed audi-

tory filtering problems, had more trouble sleeping.

Therefore, this result is consistent with the Hollway and

Aman (2011b) model. Future investigations targeting

physiological arousal, sensory sensitivities, and sensory

seeking behavior in relation to sleep dysfunction may

provide a service to the field. For example, it has been

hypothesized that children who are underresponsive and

who have sensory seeking behavior may miss the envi-

ronmental cues that entrain the sleep/wake cycle, causing

delayed and disrupted sleep (Maski et al. 2011). By con-

trast, children who are sensitive to certain tastes, smells,

or textures, may become anxious and defiant when con-

fronted with everyday activities such as teeth brushing just

prior to bedtime, causing Sleep Onset Delays (Stein et al.

2011).

Autism Symptom Severity and Sleep: ASD Subtype

Two of the core symptoms of autism (i.e., communication

deficits, social skills deficits), in addition to sensory sen-

sitivities, and underresponsiveness to the environment,

contributed to the variance in sleep outcomes in our study

results. However, Restricted and Repetitive Behavior

scores on the ADOS did not significantly predict sleep

outcomes. More research is necessary to confirm whether

one or more of the symptom clusters within ‘‘Autism

Spectrum Disorder’’ predicts disturbed sleep.

Age and Sleep

There was an inverse association between age and sleep

outcomes in three out of four analyses (i.e., CSHQ 23-item

Total, Bedtime Resistance, Sleep Anxiety). Although three

of the studies reviewed by Hollway and Aman (2011b)

assessed age-related sleep disturbance, just one showed

that age was associated with sleep problems (Giannotti

et al. 2008). Therefore, age was not included as a predictor

in the conceptual model and a revision may be necessary to

include age as a vulnerability factor. A more recent study

showed that sleep problems change with age, and that

parents of younger children reported more bedtime resis-

tance, sleep anxiety, and night awakenings (Goldman et al.

2012). Continued study will help.

Environmental Stressors

Stimulus Changes, Fear Evoking Stimuli, and Sleep

Hollway and Aman’s (2011b) model posits three compo-

nents to sleep dysfunction (i.e., Vulnerability Factors,

Environmental Stressors, and Maladaptive Coping
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Strategies). When confronted with certain environmental

stressors, children with ASDs are hypothesized to resort to

inadequate coping strategies that interfere with sleep. This

aspect of the model was not tested. Nevertheless, new

information was revealed that may necessitate expansion of

this theory. Three types of sensory problems contributed to

the variance in sleep outcomes: (1) Taste/Smell Sensitivi-

ties, (2) Underresponsiveness/Sensory Seeking, and (3)

Auditory filtering. Consistent with this finding, investiga-

tors have shown that children with ASDs present with both

sensory underresponsivity and overresponsivity (Lane et al.

2010). On the one hand, environmental stimuli may cause

discomfort that interferes with sleep and, on the other, the

underresponsive child may miss important environmental

cues necessary for an uninterrupted sleep/wake cycle

(Maski et al. 2011). These contrasting sensory profiles

contribute to the complexity of establishing risk markers

for sleep dysfunction in children with ASDs.

Maladaptive Coping Strategies

Internalizing Behavior and Sleep

Anxiety was consistently represented in all four analyses.

The individual contribution of CBCL Anxiety Problems to

the variance in Sleep Anxiety scores established it as the

strongest predictor (b = .378). Anxiety problems also

contributed to the variance in CSHQ 23-item Total scores

(b = .283), Bedtime Resistance (b = .267), and Sleep

Duration scores (b = .141). The fact that anxiety was the

strongest predictor of disturbed sleep is not surprising, as

other investigators have reported associations between

sleep disturbance and internalizing behavior (Patzold et al.

1998; Limoges et al. 2005).

One aim of this study was to sort out whether anxiety or

depression was the bigger predictor of insomnia in children

with ASDs. However, it was impossible to evaluate the

predictive properties of the CBCL Affective subscale

(assessing depression), as the presence of sleep items

within the scale would have led to circularity (i.e., poor

sleep predicts poor sleep). Therefore, we reluctantly

excluded the Affective subscale in our analyses. Never-

theless, the results are consistent with Hollway and Aman’s

(2011b) conceptual model, that internalizing behavior is a

predictor of disturbed sleep. More research is necessary,

using depression scales that are not contaminated with

sleep items, in order definitively to establish whether

anxiety or depression is the more salient in predicting sleep

problems.

CBCL Somatic Complaints contributed to the variance

in CSHQ Sleep Duration Scores. Somatic complaints often

manifest themselves in conjunction with anxiety and

depression (Hughes et al. 2008; Haftgoli et al. 2010).

Externalizing Behavior: Aggression

Although not reported in this manuscript, we have data in

preparation that support this component of the model and

will be described in a future manuscript.

Physical Conditions and Medication Use

Comorbid Medical Conditions: Gastrointestinal Problems

Gastrointestinal problems including constipation and diar-

rhea, predicted CSHQ 23-itemTotal scores, and Sleep

Anxiety. These results are consistent with recent literature

which indicated that GI problems were related to disturbed

sleep (ATN 2010; Williams et al. 2004; Liu et al. 2006).

Consistent with the Hollway and Aman (2011b) theoretical

model, the discomfort associated with GI problems may

contribute to sleep disturbance.

Comorbid Medical Conditions: Epilepsy

Epilepsy did not predict sleep dysfunction in this study, and

this result was therefore inconclusive with the hypothesis

presented in the conceptual model.

Medication Use

Previous investigations in children that included medica-

tion use as a predictor of sleep are uncommon (Liu et al.;

Mayes and Calhoun 2009), and within these investigations

the effects of medication were evaluated as an undiffer-

entiated whole (i.e., all medications included in one cate-

gorical variable). We tried to mitigate the possible

confounds introduced by medication use and any effects

that may have been offsetting. Some drugs may worsen

sleep in some children while improving it in others.

Regardless, we were able to set this variance aside and also

to demonstrate that it had rather minor overall effects. As

such, the strategy seemed successful.

Study Results and Treatment Implications

The current study findings suggest that the very symptoms

that elicit a diagnosis of ASD (i.e., impaired communica-

tion, impaired reciprocal social interactions) are risk fac-

tors for sleep disturbance. In addition, these characteristics

influence how a child responds to the environment. Cer-

tain situations will magnify these problems. When this

occurs, children may cope by engaging in internalizing and

externalizing behaviors. Clinicians and researchers alike

should strive to identify ways for decreasing the anxiety

that may be related to these events. For example some

strategies that might enhance the sleep profile are
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(a) behavioral training, (b) social skills training, (c) teach-

ing coping skills, and (d) exposure therapy. It may also be

necessary to turn to pharmacological treatment for allevi-

ating anxiety related issues.

Study Strengths and Limitations

Among study strengths were the following. First, we were

fortunate to have access such a large set of data for this

project. Second, the ATN Registry includes children who

were recruited for no other reason than that they had an

ASD, and the sample appears to be quite representative of

the general ASD population. Third, the study sample was

diagnosed by DSM-IV interview and by the ADOS which

was administered by research-reliable clinicians, and hence

the sample was well characterized for the presence of ASD.

Fourth, we had access to such a rich set of predictor

variables.

Conversely, the ATN Registry data, though a rich source

of patient information, had considerable missing data.

Missing data can be problematic if they are not missing at

random. For this reason, we conducted extra checks using

Little’s Chi Square which suggested that the data were

missing completely at random (Little 1988). The finding

that epilepsy was not associated with sleep disturbance

may be spurious, as the ATN did not provide comprehen-

sive information on the type, frequency, and activity level

of seizures. Another problem may be that multiple IQ tests

were used to assess intelligence, and combining these into

one index could have increased error. Importantly, sleep

outcome measures were all obtained by parent report and

were subjective rather than objective measures such as use

of actigraphy. Hence, the problem of source variance (all

classifications based on parent report) may have inflated

some associations that were found. Finally we were unable

to test the hypothesis that depression would be associated

with sleep disturbance, as the CBCL Affective Problems

subscale contained three sleep items which would have

confounded the results.

Future Directions

First, there is a need to focus on any association of anxiety

with sleep disturbance, as anxiety was shown to be the

strongest predictor in this investigation. Second, any

association of depression with sleep disturbance also needs

further evaluation given its history of relationship with

sleep problems. Furthermore, we as investigators must be

careful to ensure that manifestations of sleep quality not

appear in our measures of anxiety or depression, as this will

only lead to circularity. Third, longitudinal studies are

sorely needed to enable us to evaluate possible causal

factors that may affect sleep variables. Fourth, there appear

to be two types of sensory processing phenotypes that

disrupt sleep (i.e., children with taste/smell over-sensitivi-

ties and children who are under-responsive and sensory

seeking). Investigations into the mechanism of sleep dis-

turbance in these sensory-processing types may provide

important clues for interventions that may differ with

phenotype. Fifth, the ‘‘Bidirectional Theoretical Model’’

used here provides a framework for conceptualizing and

understanding sleep disturbance in ASDs (Hollway and

Aman 2011a, b). It may be worth persisting with the model,

with appropriate revisions and corrections, as we add to our

knowledge of ASD sleep function and dysfunction. Finally,

future researchers should consider targeting the correlates

of sleep disturbance by investigating possible interventions

for anxiety, depression, and sensory sensitivities, while

being cautious to ensure that any affective indices are not

‘‘contaminated’’ with markers of sleep.

Conclusion

This study evaluated many compelling risk markers for

sleep disturbance in children with ASDs. As a potential

confound, medication use explained approximately 3–4 %

of the variance. Anxiety was the strongest predictor of

sleep disturbance. In addition, the core symptoms of aut-

ism, developmental regression, ASD subtype (i.e., Asper-

ger’s Disorder), sensory sensitivities, GI problems, and age

predicted some indices of sleep quality. The data were

evaluated in light of a model including risk factors for

disturbed sleep. Although we have identified some corre-

lates of sleep dysfunction in ASD, this preliminary work

has also grappled with some methodological barriers. We

have made significant progress, but we still have a long

way to go.
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