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Abstract

Background Sleep disturbances are frequently reported in children with autism spectrum disorder (ASD) and are
associated with the severity of co-occurring symptoms. This study’s aim was to examine the extent of healthcare
utilization and clinical outcomes associated with sleep disturbances in children with ASD.

Study design A retrospective, cross-sectional study of 541 children with ASD from the Azrieli National Center

for Autism and Neurodevelopment Research (ANCAN) whose parents completed the Children’s Sleep Habits
Questionnaire (CSHQ). Children with a total CSHQ score > 48 were defined as having sleep disturbances.
Sociodemographic characteristics, ASD diagnostic measures, chronic co-occurring conditions, medication usage,
hospitalizations, visits to the emergency room (ER), and visits to specialists were compared in ASD children with
and without sleep disturbances. Multivariate logistic regression models were then used to assess the independent
association of sleep disturbances with clinical characteristics and healthcare utilization.

Results Of the 541 children with ASD, 257 (47.5%) had sleep disturbances. Children with sleep disturbances exhibited
higher rates of multiple (= 3) co-occurring conditions (19.1% vs. 12.7%; p=0.0414) and prescribed medications (45.5%
vs. 32.7%; p=0.0031) than other children. Finally, ASD children with sleep disturbances were 1.72 and 2.71 times

more likely to visit the ER and be hospitalized than their counterparts (@OR=1.72; 99%Cl=1.01-2.95; and aOR=2.71;
99%Cl=1.10-6.67, respectively).

Conclusions Our findings suggest that sleep disturbances are associated with greater healthcare utilization among
children with ASD. Further studies could examine whether treating sleep disturbances in children with ASD yields
additional clinical benefits beyond improvements in sleep.
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Background

Adequate sleep is essential for normal brain develop-
ment in children [1] and reduces the risk of mental health
disorders [2], hypertension [3], obesity [3], and type-2
diabetes [4] in childhood and adolescence. In contrast,
difficulties in initiating or maintaining sleep over a sus-
tained period are associated with higher usage of medica-
tions, more frequent physician visits, and twice as many
hospitalizations in the general population [5], as well as
an increased risk of having at least one psychiatric or
medical comorbidity [6].

Sleep disturbances, identified using parent reports, are
reported in 40-80% of children with autism spectrum
disorder (ASD) [7-9] in contrast to approximately 25%
in typically developing children [10]. The Children’s Sleep
Habits Questionnaire (CSHQ) [12] is a parent ques-
tionnaire that has been used widely to identify children
with clinically meaningful sleep disturbances in typically
developing and ASD children [13, 14]. The types of sleep
disturbances reported in children with ASD include, but
are not limited to, prolonged sleep onset, restless sleep,
frequent awakenings, and a reduction in total sleep time
[11, 12]. Higher rates of sleep disturbances in children
with ASD relative to controls have been identified as
early as 30 months of age and continue into adolescence
[16].

Sleep disturbances have been associated with the
severity of additional behavioral symptoms in children
with ASD. For example, several studies reported that
children with ASD and sleep disturbances also displayed
higher sensory sensitivities [13—15] and more challeng-
ing behaviors, including irritability, hyperactivity, inat-
tention, and hostility [16, 17]. Shorter sleep duration
has also been associated with higher social communica-
tion difficulties and increased restricted and repetitive
behaviors (RRBs) [18]. This has led to the suggestion that
sleep disturbances may exacerbate the severity of core
and secondary ASD symptoms [24, 25]. Thus, behavioral
and pharmacological treatments for sleep disturbances
in ASD may alleviate multiple symptoms [19]. Indeed,
one recent study has reported that treatment with pro-
longed release of melatonin improved total sleep time
and reduced hyperactivity in children with ASD [20].

Children with ASD are known to exhibit multiple co-
occurring conditions and use healthcare services more
frequently than controls. Specifically, it has been reported
that children with ASD have a higher prevalence of gas-
trointestinal issues [21], seizures [22], epilepsy [23], and
psychiatric conditions [24]. Furthermore, children with
ASD utilize primary care (pediatric visits), specialty care
(psychiatric, neurology visits), acute care (emergency
room [ER] visits), outpatient care, and hospitalizations
more frequently than controls [25, 26]. This increased
healthcare may be attributable to the behavioral and
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developmental needs of children with ASD [33]. How-
ever, it may also be due to higher prevalence of co-occur-
ring conditions [27]. For example, one study indicated
that 13% of ER visits among children with ASD were
psychiatric-related, compared to only 2% among children
without ASD [28].

Given the higher rates of co-occurring conditions and
healthcare utilization reported in children with ASD as
well as the higher rates of sleep disturbances in these
children, we aimed to examine the association between
sleep disturbances and healthcare utilization in chil-
dren with ASD registered in the database of the Azri-
eli National Center for Autism and Neurodevelopment
Research (ANCAN).

Methods

Participants

We conducted a retrospective, cross-sectional study
of 541 children with ASD between the ages of 1 and 10
years who were registered at the ANCAN database [29,
30] between 2015 and 2021. Children were included in
the current study if they were members of Clalit Health
Services (CHS) and their parents had completed the
Children’s Sleep Habits Questionnaire (CSHQ). CHS is
the largest health maintenance organization (HMO) in
Israel, which insures 70% of the population in the south
of Israel. We focused solely on members of CHS because
the children’s electronic patient records from this HMO
were available to us through the Soroka University Medi-
cal Center’s (SUMC) medical database. The study was
approved by the SUMC Helsinki committee.

Evaluation of sleep disturbances

Sleep disturbances were evaluated using the CSHQ, a
33-item parent questionnaire that asks parents to rate the
frequency of specific sleep disturbances (e.g., difficulty to
fall asleep) within the last week. The CSHQ was shown
to exhibit high sensitivity and specificity in identifying
children with clinical sleep disorders [12]. The CSHQ
yields scores in eight subscales relating to common sleep
disturbances: bedtime resistance, sleep onset delay, sleep
duration, anxiety around bedtime, parasomnias, night
wakening, sleep-disordered breathing, and daytime
sleepiness. All items are summed to create a final total
score ranging between 33 and 99, with higher scores indi-
cating greater severity. We used a conservative threshold
for identifying children with sleep disturbances using a
CSHQ total score of 248 as suggested before [31]. The
CSHQ has been used in research studies to assess chil-
dren aged 4 to 10 years but has also shown to be clinically
useful for screening sleep problems in younger children
[32].
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Diagnosis and evaluation of core and secondary ASD
symptoms

ASD diagnosis for all study participants was determined
by a child psychiatrist or a pediatric neurologist accord-
ing to the DSM-5 criteria following behavioral and cog-
nitive assessments, as described previously [30]. Core
ASD symptom severity was evaluated in all children
using the Autism Diagnostic Observation Schedule,
2nd edition (ADOS-2) calibrated severity score (CSS).
The ADOS-CSS, computed from ADOS-2 raw scores,
allows comparison of ADOS-2 total scores across ages
and modules [33]. We also compared symptom severity
using the DSM-5 levels of required support (“Requir-
ing support,” “Requiring substantial support,” “Requiring
very substantial support”) in social communication (cat-
egory A) and restricted, repetitive behaviors (RRB; cat-
egory B) domains [34]. In addition, cognitive assessment
scores from either the Bayley Scales of Infant and Tod-
dler Development [35] or the Wechsler Preschool and
Primary Scale of Intelligence (WPPSI) [36] were available
for most (n=445, 82%) of the children included in the
final study sample.

Evaluation of health services utilization and medication
use

Health records were obtained from the CHS electronic
patient record system for all participating children, as
described before [27]. Co-occurring chronic condi-
tions were obtained from the Ofek database that houses
all medical data for every patient insured by CHS. This
database documents, among other things, all chronic
diagnoses that were recorded by primary care and spe-
cialist physicians. We extracted all co-occurring chronic
conditions, which were coded according to the Interna-
tional Classification of Diseases, Ninth Revision (ICD-9)
format, and grouped them into broader disease catego-
ries (excluding complications of pregnancy, childbirth,
and the puerperium [630-676] and conditions originat-
ing in the perinatal period [760-799]). Codes 780-799,
which are grouped as “symptoms, signs, and ill-defined
conditions” according to the ICD-9, consist of symptoms,
abnormal laboratory results or investigative procedures.
This group includes labels such as “undiagnosed cardiac
murmurs” and “respiratory abnormality, unspecified” and
can otherwise be designated as “unknown etiology” [37].
Records of medication usage were obtained and grouped
based on primary clinical use (Supplementary Table S1).
In addition, hospitalizations, visits to the ER, and visits
to specialists during a time period corresponding to one
year before and after completion of the CSHQ were also
gathered from the electronic records.

(2024) 16:29

Page 3 of 11

Statistical analyses

Standard univariate tests were used to examine differ-
ences in various demographic and clinical characteristics
between ASD children with and without sleep distur-
bances. Co-occurring chronic conditions and medication
classes with a prevalence of less than 1% were excluded
from the analyses. Chi-square or Fisher-exact tests were
used to assess for differences in categorical variables,
Mann—-Whitney U-test for continuous variables, and
linear-by-linear association tests for ordinal variables.
Differences with a p-value of <0.05 were considered
statically significant. Finally, the independent association
between sleep disturbances and co-occurring chronic
conditions, medication use, and healthcare utilization
was assessed via multiple logistic regression models, each
sequentially adjusting for potential confounders as fol-
lows. The initial analysis included only the sleep distur-
bances status (crude model). Basic sociodemographic and
clinical covariates (e.g., age, sex, ethnicity, and DSM-V B
required level of support) were then added to the model,
followed by the addition of the presence of co-occurring
conditions and medication use. The adjusted odds ratios
of these associations were reported with stringent 99%
confidence intervals. The statistical analyses were per-
formed using R studio, version 1.4.1717 (R Foundation
for Statistical Computing version).

Results

Of the 1,108 children with ASD in the ANCAN database
as of August 2021, 541 children (48.9%) fulfilled the study
inclusion criteria. Children included in the sample were
3.25 (£1.33) years old, on average, 79.1% of the children
were of Jewish ethnicity, and their male-to-female ratio
was 4:1. This sample did not differ significantly from the
entire sample in the ANCAN database in these charac-
teristics or in their cognitive scores, and ADOS-2 cali-
brated severity scores (Table 1). However, children in the
study sample required more support than children who
were not included in the study sample, as estimated by
the diagnosing physician according to the DSM-5 levels
of required support. This difference may reflect a ten-
dency of parents of children who require more support to
complete the CSHQ questionnaire.

Overall, participating children had a broad distribution
of CSHQ scores ranging from 33 to 81, with 257 (47.5%)
exhibiting CSHQ scores>48, which were indicative of
sleep disturbances (Fig. 1). There were no significant dif-
ferences in sex ratio, cognitive scores, or ADOS-2 cali-
brated severity scores across children with and without
sleep disturbances (Table 2). However, more children
of Bedouin origin were observed in the sleep distur-
bances group (24.6% vs. 14.2%; p=0.01), and the mean
age of the children in the sleep disturbances group was
slightly higher (4.34 vs. 4.03 years; p=0.039). In addition,



Solomon et al. Journal of Neurodevelopmental Disorders

(2024) 16:29

Page 4 of 11

Table 1 Comparison of characteristics across children with ASD registered in the National Autism Database of Israel who met

inclusion criteria for the current study versus those who did not

Variables Study Sample Non-Study Sample n=565 P-Value?
n=541
Age at diagnosis (years)b 3.25(1.33) 3.30(1.4) 0.7318
Sex 0.3831
Male 430 (79.5%) 460 (81.6%)
Female 111 (20.5%) 104 (18.4%)
Ethnic Origin 05128
Jewish 416 (79.1%) 406 (77.3%)
Bedouin 101 (19.2%) 113 (21.5%)
Other 9 (1.7%) 6 (1.1%)
Cognitive Scores? 75.77 (18.3) 7536 (17.1) 0.7692
ADOS-2 CSS 6.79 (2.3) 6.81(2.4) 0.8787
DSM-V A (h=497) (n=496)
Requiring support 67 (13.5%) 106 (21.5%) <0.0001
Requiring substantial support 201 (40.4%) 236 (47.9%)
Requiring very substantial support 229 (46.1%) 151 (30.6%)
DSM-V B <0.0001
Requiring support 84 (16.9%) 136 (27.4%)
Requiring substantial support 231 (46.6%) 260 (52.4%)
Requiring very substantial support 181 (36.5%) 100 (20.2%)

Abbreviations: Autism Spectrum Disorder (ASD), Autism Diagnostic Observation Schedule, 2nd edition (ADOS-2)

Values are numbers of participants with percentages in parentheses, unless specified otherwise

a, Mann-Whitney U test for continuous variables, and x? test for categorical variables

b, Data are means+standard deviations

children with sleep disturbances required more support
according to the DSM-V criteria, with significant differ-
ences observed in the B criteria describing disturbances
in RRB symptoms (p=0.027).

Co-occurring chronic conditions

Differences in co-occurring chronic conditions are
depicted in Table 3. There was a small but non-significant
difference in number of ASD children who had any co-
occurring chronic condition (49.8% vs. 45.8%; p=0.3947)
between the study groups. However, more ASD children
with sleep disturbances had three or more co-occurring
conditions compared to children without sleep distur-
bances (19.1% vs. 12.7%; p=0.0414). In addition, ASD
children with sleep disturbances had significantly more
co-occurring conditions in the symptoms, signs, and
ill-defined conditions classification than ASD children
without sleep disturbances (21.0% vs. 13.7%, p=0.0334).
There were no significant differences in other examined
categories of co-occurring chronic conditions.

Medication use

The use of medication for the management of chronic
conditions (as listed in Supplementary Table S1) for both
groups is presented in Table 4. Children with sleep dis-
turbances were more likely to be prescribed medications
than those without (45.5% vs. 32.7%, p=0.0031). This dif-
ference was partially due to medication prescriptions for

sleep disturbances (e.g., Melatonin and Promethazine)
that were almost twice as frequent in the sleep distur-
bances group (15.2% vs. 8.1%, p=0.0145). Nevertheless,
the number of prescribed medications for children with
ASD and sleep disturbances was still significantly higher
after excluding medications that treat sleep disturbances
(37.0% vs. 28.2%, p=0.0364), demonstrating their higher
use of medications unrelated to sleep disturbances. Spe-
cifically, prescriptions for medications in the treatment
of mental or mood conditions were significantly more
frequent in the sleep disturbances group (9.7% vs. 4.9%,
p=0.0468).

Health services utilization

Children with ASD and sleep disturbances utilized
more health services than children without sleep dis-
turbances (Fig. 2), including 50% more visits to the
ER (mean[SD]=0.63[1.19] vs. 0.42[1.01]; p=0.0153)
and a 2.7 times higher rate of hospitalization
(mean[SD]=0.19[0.60] vs. 0.07[1.30]; p=0.0042). More-
over, children with sleep disturbances were hospital-
ized for twice the number of days compared to children
without sleep disturbances (mean[SD]=0.32[1.08] vs.
0.16[1.06] days per child, respectively; p=0.004). These
findings suggest that the cost of ER visits and hospitaliza-
tion is significantly higher for children with sleep distur-
bances. No significant differences were found in the total
number of outpatient visits, including visits to primary
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Children with Insomnia (n=257)
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Fig. 1 Distribution of CSHQ scores in the study sample. A histogram of the frequency of CSHQ scores (X-axis) of children with ASD in the study sample.
Overall, 257 children had CSHQ scores > 48 and were defined as having insomnia. Abbreviations: Children’s Sleep Habits Questionnaire (CSHQ)

care physicians (mean [SD]=16.7 [14.7] vs. 16.9 [13.2]
visits per child, respectively; p=0.7492) and special-
ists (mean[SD]=0.95[1.81] vs. 0.80[1.51] visits per child,
respectively; p=0.5206).

Factors associated with sleep disturbances

Finally, we used multivariable logistic regression models to
quantify the independent association of sleep disturbances
with co-occurring chronic conditions, medication use, and
healthcare utilization in our sample while controlling for
potential confounders (Table 5). Sleep disturbances in chil-
dren with ASD were associated with higher odds of hav-
ing co-occurring chronic conditions and medication use.
However, these associations were not statistically significant
in the fully adjusted models (Table 5). Nevertheless, chil-
dren with sleep disturbances were 1.72 more likely to visit
the ER (=1 visits during the study period) (aOR=1.72; 99%
CI=1.01, 2.95), and 2.71 more likely to be hospitalized (=1
hospitalizations during the study period) (aOR=2.71; 99%
CI=1.10, 6.67), even after adjusting for sociodemographic
characteristics, presence of co-occurring chronic conditions
and medication use.

Discussion

The results demonstrate that sleep disturbances are pres-
ent in nearly 50% of children with ASD. These children
have a higher number of co-occurring chronic condi-
tions, use more medications, and are more likely to visit
the ER and be hospitalized compared to ASD children
without sleep disturbances.

These findings from children with ASD are in line with
previous studies that have reported positive associa-
tions between sleep disturbances and a diverse range of
co-occurring chronic conditions within the general adult
population. These include associations between sleep
disturbances and anxiety and depression [38], gastroin-
testinal disorders [39], psychopathy symptoms [40], and
even a 45% increased risk of mortality from cardiovas-
cular disease [41]. The mechanism underlying the asso-
ciations between sleep disturbances and co-occurring
chronic conditions remains unknown. It is possible that
the symptoms associated with co-occurring conditions
(e.g. anxiety or gastrointestinal disorders) cause sleep
disturbances. Alternatively, sleep disturbances could
increase the risk of developing or exacerbating co-occur-
ring chronic conditions. A third option is that alterations
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Table 2 Comparison of characteristics across children with and without sleep difficulties

Sociodemographic Variables No Sleep difficulties Sleep difficulties P-Value®
(CHSQ<48) (CSHQ=48)
n=284 n=257
Age (years)b 403 (1.8) 434 (1.8) 0.0394
Sex 0.8763
Male 225 (79.2%) 205 (79.8%)
Female 59 (20.8%) 52 (20.2%)
Ethnic Origin 0.0101
Jewish 230 (83.9%) 186 (73.8%)
Bedouin 39 (14.2%) 62 (24.6%)
Other 5 (1.8%) 4(1.6%)
Cognitive Scores? 7646 (17.2) 74.92 (19.6) 0.5275
ADOS-2 CSS 6.67 (2.3) 6.94(2.3) 0.1906
DSM-V A
Mild 36 (14.0%) 31 (13.0%) 0.1955
Moderate 112 (43.4%) 89 (37.2%)
Severe 110 (42.6%) 119 (49.8%)
DSM-V B 0.0278
Mild 47 (18.3%) 37 (15.5%)
Moderate 130 (50.6%) 101 (42.3%)
Severe 80 (31.1%) 101 (42.3%)

Abbreviations: Autism Spectrum Disorder (ASD), Autism Diagnostic Observation Schedule, 2nd edition (ADOS-2), Children’s Sleep Habits Questionnaire (CSHQ),

Values are numbers of participants with percentages in parentheses, unless specified otherwise

a, Mann-Whitney U test for continuous variables, and x? test/fisher’s exact test for categorical variables

b, Data are means+standard deviations

Table 3 Comparison of co-occurring chronic conditions between ASD children with and without sleep difficulties

No Sleep difficulties Sleep difficulties P-Value"
(CHSQ<48) (CSHQ=48)
n=284 n=257
Any Co-occurring Chronic Conditions 130 (45.8%) 128 (49.8%) 0.3947
Number of Co-occurring Chronic Conditions 1 59 (20.8%) 50 (19.5%) 0.7024
2 (1 2.3%) 29 (11.3%) 0.7084
=3 6 (12.7%) 49 (19.1%) 0.0414
Endocrine, Nutritional, Metabolic, and Immunity 4 (4.9%) 5 (5.8%) 0.7821
Blood and Blood-Forming Organs 6 (5.6%) (5 1%) 09159
Mental Disorders 15 (5.3%) 2 (8.6%) 0.1808
Nervous System and Sense Organs 31 (10.9%) 5 (13.6%) 0.4078
Respiratory System 29 (10.2%) 33 (12.8%) 04102
Digestive System 5(1.8%) 8(3.1%) 04565
Skin and Subcutaneous Tissue 9 (3.2%) 16 (6.2%) 0.1373
Musculoskeletal System and Connective Tissue 4 (1.4%) 5(1.9%) 0.7421
Congenital Anomalies 15 (5.3%) 22 (8.6%) 0.1808
Symptoms, Signs, And Ill-Defined Conditions 39 (13.7%) 54 (21.0%) 0.0334
Injury and Poisoning 24 (8.5%) 25 (9.7%) 0.7138
Developmental Delay 22 (7.7%) 21 (8.1%) 0.9815

Abbreviations: Autism Spectrum Disorder (ASD), Children’s Sleep Habits Questionnaire (CSHQ)

Values are numbers of participants with percentages in parentheses

" x? test or Fisher exact tests were conducted to determine the association between chronic comorbidities and CSHQ score

in biological mechanisms such as circadian rhythm mis-
alignment [42], low-grade inflammatory state [43], eleva-
tion of cortisol [44], and metabolic or endocrine changes
[45] could contribute to both sleep disturbances and co-
occurring chronic conditions. Some of these mechanisms

were also suggested to be involved in ASD etiology
[46, 47], thus highlighting potential mechanistic links
between ASD and sleep disturbances.

The association of sleep disturbances with greater
use of health services in this study is also consistent
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Table 4 Comparison of medication usage between ASD children with and without sleep difficulties
Prescribed Medications? No Sleep difficulties Sleep difficulties P-Value
(CHSQ<48) (CSHQ=48)
n=284 n=257
Any Medications 93 (32.7%) 117 (45.5%) 0.0031°
Medications for Sleep Difficulties 23 (8.1%) 39 (15.2%) 0.0145°
Medications, Excluding those for Sleep Difficulties 80 (28.2%) 95 (37.0%) 0.0364°
Asthma/Pulmonary Disorders ( 0.6%) ( 7%) 0.7845P
ADHD 0(10.6%) 6(10.1%) 0.9769°
Mental and Mood Conditions 4 (4.9%) 5 (9.7%) 0.0468°
Nutrient Deficiencies 14 (4.9%) (7 8%) 0.2349°
Food supplements 9(3.2%) 16 (6.2%) 0.1373°
Seizure Disorders 6(2.1%) 8(3.1%) 06451
Abbreviations: Autism Spectrum Disorder (ASD), Children’s Sleep Habits Questionnaire (CSHQ), Attention Deficit Hyperactivity Disorder (ADHD)
Values are numbers of participants with percentages in parentheses
@ Medications were grouped based on primary clinical use (Supplementary Table S1)
b pearson Chi-Square test. < Fisher-Exact test
A Hospitalizations B Days Hospitalized
. 15%= . 50%-= 44.4% P=0.004
> o P=0.0042 o 40%-
< 10% - 105 = 314%  314%
- « 30%-
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Fig. 2 Percentage of health services utilization during a period of one year before and after completion of the CSHQ. A. Number of hospitalizations. B.
Days hospitalized. C. Number of visits to a specialist. D. Number of visits to a primary care physician. E. Number of visits to the ER. Note that percentages
presented in panels A, C, and E sum to 13.6%, 42.4%, and 34.6% of ASD children with insomnia and 6.4%, 58.5%, and 25.3% of children without insomnia
who were hospitalized, visited specialists, and visited the ER, respectively. P-values from Mann-Whitney U tests are for the differences between children
with and without insomnia. Abbreviations: Children’s Sleep Habits Questionnaire (CSHQ), ER (ER)
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Table 5 Factors associated with sleep difficulties in children with ASD.
Crude OR Adjusted OR? Adjusted ORP Adjusted OR®
(99% Cl) (99%Cl) (99%Cl) (99%Cl)
Co-occurring Chronic Conditions 1 1.04
(0.75,1.83) (0.64, 1.69)
Symptoms, Signs, And lll-Defined Conditions 1 1.70
(0.92,3.03) (0.90,3.22)
Multiple condiitons (3 or more) 1 1.58
(0.88, 3.00) (0.81,3.08)
Medication Use 1.72 147 1.36
(1.09, 2.71) (0.89,243) (0.90, 2.62)
Medications for sleep difficulties (Melatonin and Promethazine) 203 1.72 1.72
(0.99, 4.16) (0.80, 3.70) (0.80, 3.70)
Medications, excluding those for sleep difficulties 1.50 1.28 131
(0.93,241) (0.76,2.15) (0.74,2.31)
Mental and Mood Conditions 2.08 1.62 1.62
(0.85, 5.06) (0.59,4.47) (0.58,4.51)
Emergency Room Visits (Yes/No) 1 1.75 1.76 1.72
(0.96, 2.54) (1.03, 2.98) (1.03, 3.00) (1.01, 2.95)
Primary Care Visits (Yes/No) 1 1.00 1.00 1.00
(0.98,1.02) (0.98, 1.02) (0.98,1.02) (0.99, 1.02)
Specialist Visits (Yes/No) 1 1.21 1.21 117
(0.69,1.70) (0.74,1.98) (0.74,1.98) (0.71,1.91)
Hospitalizations (Yes/No) 2.33 2.82 2.83 2.71
(1.06, 5.10) (1.15, 6.89) (1.15, 6.94) (1.10, 6.67)

Abbreviations: Autism Spectrum Disorder (ASD), Children’s Sleep Habits Questionnaire (CSHQ), Odds Ratio (OR)

ORs were calculated using the logistic regression formula: Ln (Odds(Yi)) = a + biXi, where i=1 for sleep disturbances and i=0 for no sleep disturbances

2 Adjusted for sociodemographic variables (sex, ethnicity, age, and DSM-V category B)

b Additionally adjusted for chronic comorbidities

€ Additionally adjusted for medication use

with previous reports of increased utilization of health
services with sleep disturbances in the general adult
population, including more frequent ER visits and hos-
pitalizations, but no significant increases in the number
of physician visits [5, 48, 49]. Moreover, in our study,
sleep disturbances were independently associated with
healthcare utilization in ASD children even after con-
trolling for medication use and chronic co-occurring
chronic conditions. In a previous study we reported that
children with ASD are referred to the ER and admitted to
the hospital more frequently than children without ASD
[27]. It is possible that the higher prevalence of sleep dis-
turbances in children with ASD compared to controls
contributed to this observation. Furthermore, the asso-
ciation between sleep disturbances and healthcare uti-
lization was also demonstrated in other studies with an
adult population, where the association between sleep
disturbances and increased hospitalizations and ER visits
remained significant even after accounting for medical or
mental health conditions [50, 51]. A possible explanation
for the association between sleep disturbances and hospi-
talizations and ER visits, but not with outpatient or spe-
cialist visits, may be due to the nature of ER visits. Sleep
disturbances have been shown to increase the amount of
challenging behaviors including hyperactivity, irritabil-
ity and hostility [16, 17], potentially increasing the risk

for injuries that may require a visit to the ER. Unfortu-
nately, we could not test this hypothesis due to the lack of
information regarding the reason for ER admission in the
medical records used in this study.

Finally, ASD children with sleep disturbances were
more likely to consume more medications for sleep as
well as other medications than ASD children without
sleep disturbances. These findings are consistent with
similar differences between good and bad sleepers in the
general population [53, 54]. Notably, in the current study,
the association between medication use and sleep dis-
turbances was statistically significant only in the unad-
justed regression model, and this association, although
it remained positive, lost its statistical significance in the
fully adjusted model. This finding is expected given that
ASD children with sleep disturbances display more chal-
lenging behaviors [16, 17], and antipsychotics, includ-
ing risperidone and aripiprazole (the two most common
medications prescribed in this study sample under the
mental and mood conditions classification), are pre-
scribed to reduce challenging behaviors, particularly irri-
tability and aggression in children with ASD [55, 56].

The results reported in this study should be interpreted
in the context of the following limitations. First, informa-
tion on the child’s sleep behavior was gathered via paren-
tal reports using the CSHQ. This method may be biased
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as it relies on parents’ perception and their subjective
ability to recall their child’s sleep disturbances accurately.
Alternative methods such as daily sleep diaries or direct
measures such as actigraphy and polysomnography may
offer less biased estimates of sleep disturbances; however,
these measures are often difficult to acquire from chil-
dren with ASD due to sensory sensitivities and lack of
cooperation [58]. Second, this study used a retrospective,
cross-sectional design. Thus, it was impossible to deter-
mine the causality or directionality of the association
between the emergence of sleep disturbances and the
utilization of health services and/or clinical outcomes. It
is unknown whether sleep disturbances directly increase
the risk of these factors or if adverse health outcomes pro-
duce sleep disturbances, as a temporal relationship was
not established. It is also possible that sleep disturbances
and health outcomes are caused by a shared underlying
biological mechanisms. Third, data was obtained solely
from the electronic records, which included only clini-
cal data, and no information regarding use of over-the-
counter medications, including melatonin. Furthermore,
no information was provided regarding the nature of ER
visits. Fourth, despite a large sample size, the rarity of
some co-occurring chronic conditions and prescribed
medication classes limited our ability to find a significant
association between sleep disturbances and these vari-
ables. Indeed, a post-hoc power analysis indicated that
the observed differences between the study groups in the
rates of each of the co-occurring chronic conditions and
medication classes only had a 40% statistical power to
declare these differences as statistically significant within
our sample size. Finaly, data collection was derived from
children living in southern Israel and enrolled in a single
HMO, which may have limited the generalizability of the
study findings to other populations.

Conclusions

Our findings suggest that sleep disturbances are associated
with greater healthcare utilization among children with
ASD. Future studies should validate our findings and fur-
ther investigate the underlying mechanisms of these asso-
ciations. Furthermore, it would be interesting to examine
whether treatments for sleep disturbances reduce the uti-
lization of health services in a manner associated with the
amelioration of sleep problems in children with ASD.

Abbreviations

ASD Autism Spectrum Disorder

ANCAN  Azrieli National Center for Autism and Neurodevelopment
Research

CSHQ Children’s Sleep Habits Questionnaire

RRB Repetitive Behavior

ER Emergency Room

CHS Clalit Health Services

HMO Health Maintenance Organization

SUMC Soroka University Medical Center’s

(2024) 16:29

Page 9 of 11

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/511689-024-09550-z.

[ Supplementary Material 1 J

Acknowledgements
We thank the families who participated in this research.

Author contributions

Conceptualization: ID, IM; Data curation: SS; Formal analysis: SS; Funding
acquisition: GM, ID, IM; Investigation: GM, AM, YS, MI, MF; Methodology:
IM; Project administration: ID, IM; Resources: GM, AM, YS, MI, MF, ID, IM;
Supervision: IM; Validation: LE; Visualization: LE; Writing — original draft: SS;
Writing - review and editing: LE, IM.

Funding
This study was funded by Neurim Pharmaceuticals Ltd.

Data availability

The datasets generated and/or analyzed during the current study are not
publicly available due to ethical reasons. The anonymized data could be
obtained from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the ethics committee of SUMC. The study was
conducted on retrospective data from medical records of patients. Therefore,
no participant’s consent was needed.

Consent for publication
N/A.

Competing interests
The authors declare that they have no competing interests.

Author details

! Azrieli National Centre for Autism and Neurodevelopment Research,
Ben-Gurion University of the Negev, Beer-Sheva, Israel

’Department of Epidemiology, Biostatistics, and Community Health
Sciences, Ben-Gurion University of the Negev, PO. Box 653,

Beer-Sheva 84105, Israel

3Preschool Psychiatric Unit, Soroka University Medical Center, Beer-Sheva,
Israel

“Child Development Center, Soroka University Medical Center, Beer-
Sheva, Israel

>Child Development Center, Ministry of Health, Beer-Sheva, Israel
5psychology Department, Ben-Gurion University of the Negev, Beer-
Sheva, Israel

’Cognition and Brain Sciences Department, Ben-Gurion University of the
Negev, Beer-Sheva, Israel

8Zlotowski Center for Neurosciences, Ben-Gurion University of the Negev,
Beer-Sheva, Israel

Received: 24 January 2024 / Accepted: 28 May 2024
Published online: 07 June 2024

References

1. Ednick M, Cohen AP, McPhail GL, Beebe D, Simakajornboon N, Amin RS.
A review of the effects of Sleep during the First Year of Life on Cognitive,
Psychomotor, and temperament development. Sleep. 2009;32:1449-58.

2. Samanta P, Mishra DP, Panigrahi A, Mishra J, Senapati LK, Ravan JR. Sleep
disturbances and associated factors among 2-6-year-old male children with
autism in Bhubaneswar, India. Sleep Med. 2020,67:77-82.


https://doi.org/10.1186/s11689-024-09550-z
https://doi.org/10.1186/s11689-024-09550-z

Solomon et al. Journal of Neurodevelopmental Disorders

20.

21

22.

23.

24.

25,

26.

27.

Grandner M, Mullington JM, Hashmi SD, Redeker NS, Watson NF, Morgen-
thaler TI. Sleep duration and hypertension: analysis of >700,000 adults by age
and sex. J Clin Sleep Med. 2018;14:1031-9.

Reutrakul S, Van Cauter E, Metabolism. W.B. Saunders; 2018. 56-66.

Léger D, Guilleminault C, Bader G, Lévy E, Paillard M. Medical and Socio-
Professional Impact of Insomnia. Sleep. 2002;25:621-5.

Sarsour K, Morin CM, Foley K, Kalsekar A, Walsh JK. Association of Insom-

nia severity and comorbid medical and psychiatric disorders in a health
plan-based sample: Insomnia severity and comorbidities. Sleep Med.
2010;11:69-74.

Bianca B, Silvia G, Elisa F, Deny M, GiovanniV, Lino N et al. Insomnia in children
with Autism Spectrum disorder: a cross-sectional study on clinical correlates
and parental stress. J Autism Dev Disord. 2022.

Leung MHB, Ngan STJ, Cheng PWC, Chan FCG, Chang WC, Cheung HK, et al.
Sleep problems in children with autism spectrum disorder in Hong Kong: a
cross-sectional study. Front Psychiatry. 2023;14:1088209.

Saletin JM, Koopman-Verhoeff ME, Han G, Barker DH, Carskadon MA, Anders
TF et al. Sleep problems and autism impairments in a large community
sample of children and adolescents. Child Psychiatry Hum Dev. 2022.
Veeravigrom M, Chonchaiya W, Insomnia. Focus on children. Sleep Med Clin.
2022,17:67-76.

Carmassi C, Palagini L, Caruso D, Masci |, Nobili L, Vita A et al. Systematic
review of Sleep disturbances and Circadian Sleep Desynchronization in
Autism Spectrum Disorder: toward an integrative model of a self-reinforcing
Loop. Front Psychiatry. 2019;10.

Dominick KC, Davis NO, Lainhart J, Tager-Flusberg H, Folstein S. Atypical
behaviors in children with autism and children with a history of language
impairment. Res Dev Disabil. 2007;28:145-62.

Cortesi F, Giannotti F, Ivanenko A, Johnson K. Sleep in children with autistic
spectrum disorder. Sleep Med. 2010;11:659-64.

Manelis-Baram L, Meiri G, llan M, Faroy M, Michaelovski A, Flusser H et al.
Sleep disturbances and sensory sensitivities Co-vary in a longitudinal manner
in Pre-school Children with Autism Spectrum disorders. J Autism Dev Disord.
2021.

Tzischinsky O, Meiri G, Manelis L, Bar-Sinai A, Flusser H, Michaelovski A, et

al. Sleep disturbances are associated with specific sensory sensitivities in
children with autism. Mol Autism. 2018;9:1-10.

Hollway JA, Aman MG, Butter E. Correlates and risk markers for sleep distur-
bance in participants of the autism treatment network. J Autism Dev Disord.
2013;43:2830-43.

Mazurek MO, Sohl K. Sleep and behavioral problems in children with Autism
Spectrum Disorder. J Autism Dev Disord. 2016;46:1906-15.

Veatch OJ, Sutcliffe JS, Warren ZE, Keenan BT, Potter MH, Malow BA. Shorter
sleep duration is associated with social impairment and comorbidities in
ASD. Autism Res. 2017;10:1221-38.

Lord C. Taking sleep difficulties seriously in Children with Neurodevelopmen-
tal disorders and ASD. Pediatrics. 2019;143.

Schroder CM, Malow BA, Maras A, Melmed RD, Findling RL, Breddy J, et al.
Pediatric prolonged-release melatonin for Sleep in Children with Autism
Spectrum Disorder: Impact on Child Behavior and Caregiver's quality of life. J
Autism Dev Disord. 2019;49:3218-30.

Holingue C, Newill C, Lee L-C, Pasricha PJ, Daniele Fallin M. Gastrointestinal
symptoms in autism spectrum disorder: a review of the literature on ascer-
tainment and prevalence. Autism Res. 2018;11:24-36.

Tuchman R. What is the relationship between Autism Spectrum disorders
and Epilepsy? Semin Pediatr Neurol. 2017;24:292-300.

Lukmaniji S, Manji SA, Kadhim S, Sauro KM, Wirrell EC, Kwon C-S, et al. The
co-occurrence of epilepsy and autism: a systematic review. Epilepsy Behav.
2019,98:238-48.

Mutluer T, Aslan Geng H, Ozcan Morey A, Yapici Eser H, Ertinmaz B, Can M et
al. Population-Based Psychiatric Comorbidity in Children and adolescents
with Autism Spectrum disorder: a Meta-analysis. Front Psychiatry. 2022;13.
Cummings JR, Lynch FL, Rust KC, Coleman KJ, Madden JM, Owen-Smith AA,
et al. Health services utilization among children with and without Autism
Spectrum disorders. J Autism Dev Disord. 2016;46:910-20.

Liu G, Pearl AM, Kong L, Leslie DL, Murray MJ. A Profile on Emergency Depart-
ment utilization in adolescents and young adults with Autism Spectrum
disorders. J Autism Dev Disord. 2017;47:347-58.

Dizitzer Y, Meiri G, Flusser H, Michaelovski A, Dinstein |, Menashe |. Comorbid-
ity and health services'usage in children with autism spectrum disorder: a
nested case—control study. Epidemiol Psychiatr Sci. 2020;29:95.

(2024) 16:29

28.

29.

30.

31.

32.

33.
34.
35.
36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

Page 10 of 11

Kalb LG, Stuart EA, Freedman B, Zablotsky B, Vasa R. Psychiatric-Related Emer-
gency Department visits among children with an Autism Spectrum Disorder.
Pediatr Emerg Care. 2012;28:1269-76.

Dinstein |, Arazi A, Golan HM, Koller J, Elliott E, Gozes |, et al. The National
Autism Database of Israel: a resource for studying autism risk factors,
biomarkers, outcome measures, and treatment efficacy. Journal of Molecular
Neuroscience. Humana Press Inc.; 2020. pp. 1303-12.

Meiri G, Dinstein |, Michaelowski A, Flusser H, llan M, Faroy M, et al. Brief
report: the Negev Hospital-University-based (HUB) autism database. J Autism
Dev Disord. 2017;47:2918-26.

Reynolds AM, Soke GN, Sabourin KR, Hepburn S, Katz T, Wiggins LD et al.
Sleep problems in 2-to 5-year-olds with autism spectrum disorder and other
developmental delays. Pediatrics. 2019;143.

Goodlin-Jones BL, Sitnick SL, Tang K, Liu J, Anders TF. The children’s Sleep
habits Questionnaire in toddlers and Preschool Children. J Dev Behav Pediatr.
2008;29:82-8.

Gotham K, Pickles A, Lord C. Standardizing ADOS scores for a measure of
severity in Autism Spectrum disorders. J Autism Dev Disord. 2009;39:693-705.
American Psychiatric Association. Task Force D-5. Diagnostic and statistical
Manual of Mental disorders (DSM-5°). American Psychiatric Publishing; 2013.
Bayley N, Bayley, -Ill. Bayley Scales of infant and toddler development. 3rd ed.
San Antonio, TX: Pearson; 2006.

Wechsler D. Wechsler Preschool and Primary Scale of Intelligence. New York,
NY: Psychological Corp; 1967.

Williams MA, Martin MY. Symptomes, signs, and ill-defined conditions.
Handbook of clinical health psychology: volume 1 Medical disorders and
behavioral applications. Washington: American Psychological Association;
2002. pp. 533-53.

Serensen L, Jensen MSA, Rathleff MS, Holden S. Comorbid Insomnia, psy-
chological symptoms and widespread pain among patients suffering from
musculoskeletal pain in general practice: a cross-sectional study. BMJ Open.
2019,9.

Balikji S, Mackus M, Brookhuis K, Garssen J, Kraneveld A, Roth T, et al. The
Association of Insomnia, Perceived Immune Functioning, and irritable bowel
syndrome complaints. J Clin Med. 2018;7:238.

Akram U, Allen S, McCarty K, Gardani M, Tan A, Villarreal D, et al. The relation-
ship between insomnia symptoms and the dark triad personality traits. Pers
Individ Dif. 2018;131:212-5.

Sofi F, Cesari F, Casini A, Macchi C, Abbate R, Gensini GF. Insomnia and risk of
cardiovascular disease: a meta-analysis. Eur J Prev Cardiol. 2014;21:57-64.
Nobre B, Rocha |, Morin CM, Meira e Cruz M. Insomnia and circadian misalign-
ment: An underexplored interaction towards cardiometabolic risk. Sleep Sci-
ence. Brazilian Association of Sleep and Latin American Federation of Sleep
Societies; 2021. pp. 55-63.

Friedman EM. Sleep quality, social well-being, gender, and inflammation: an
integrative analysis in a national sample. Ann N'Y Acad Sci. 2011;1231:23-34.
Vargas |, Vgontzas AN, Abelson JL, Faghih RT, Morales KH, Perlis ML. Altered
ultradian cortisol rhythmicity as a potential neurobiologic substrate for
chronic insomnia. Sleep Med Rev. 2018,41:234-43.

Copinschi G. Metabolic and endocrine effects of sleep deprivation. Essent
Psychopharmacol. 2005;6.

Abdul F, Sreenivas N, Kommu JVS, Banerjee M, Berk M, Maes M, et al.
Disruption of circadian rhythm and risk of autism spectrum disorder: role

of immune-inflammatory, oxidative stress, metabolic and neurotransmitter
pathways. Rev Neurosci. 2022;33:93-109.

Geoffray M-M, Nicolas A, Speranza M, Georgieff N. Are circadian rhythms
new pathways to understand Autism Spectrum Disorder? J Physiology-Paris.
2016;110:434-8.

Skaer TL, Sclar DA. Economic implications of Sleep disorders. PharmacoEco-
nomics. 2010;28:1015-23.

Wickwire EM, Vadlamani A, Tom SE, Johnson AM, Scharf SM, Albrecht JS.
Economic aspects of insomnia medication treatment among Medicare
beneficiaries. Sleep. 2020;43.

Tzuang M, Owusu JT, Huang J, Sheehan OC, Rebok GW, Paudel ML et al. Asso-
ciations of Insomnia symptoms with subsequent health services use among
community-dwelling U.S. older adults. Sleep. 2021;44.

Amari DT, Juday T, Frech FH, Wang W, Wu Z, Atkins N, et al. Falls, healthcare
resources and costs in older adults with insomnia treated with zolpidem,
trazodone, or benzodiazepines. BMC Geriatr. 2022;22:484.

Brossoit RM, Crain TL, Leslie JJ, Hammer LB, Truxillo DM, Bodner TE. The effects
of sleep on workplace cognitive failure and safety. J Occup Health Psychol.
2019;24:411-22.



Solomon et al. Journal of Neurodevelopmental Disorders

53.

54.

55.

56.

Daley M, Morin CM, LeBlanc M, Grégoire JP, Savard J, Baillargeon L. Insomnia
and its relationship to health-care utilization, work absenteeism, productivity
and accidents. Sleep Med. 2009;10:427-38.

Sivertsen B, Krokstad S, Mykletun A, @verland S. Insomnia Symptoms and
Use of Health Care Services and medications: the HUNT-2 study. Behav Sleep
Med. 2009;7:210-22.

Ching H, Pringsheim T. Aripiprazole for autism spectrum disorders (ASD). In:
Pringsheim T, editor. Cochrane Database of Systematic Reviews. Chichester,
UK: John Wiley & Sons, Ltd; 2012.

Loy JH, Merry SN, Hetrick SE, Stasiak K. Atypical antipsychotics for disruptive
behaviour disorders in children and youths. Cochrane Database of Systematic
Reviews. 2017;2017.

(2024) 16:29 Page 11 of 11

57.  Miller BJ, McCall WV. Insomnia and suicide as reported adverse effects of
second-generation antipsychotics and mood stabilizers. J Clin Sleep Med.
2022;18:517-22.

58.  Goldman SE, Surdyka K, Cuevas R, Adkins K, Wang L, Malow BA. Defin-
ing the Sleep phenotype in Children with Autism. Dev Neuropsychol.
2009;34:560-73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Sleep disturbances are associated with greater healthcare utilization in children with autism spectrum disorder
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Participants
	﻿Evaluation of sleep disturbances
	﻿Diagnosis and evaluation of core and secondary ASD symptoms
	﻿Evaluation of health services utilization and medication use
	﻿Statistical analyses

	﻿Results
	﻿Co-occurring chronic conditions
	﻿Medication use
	﻿Health services utilization
	﻿Factors associated with sleep disturbances

	﻿Discussion
	﻿Conclusions
	﻿References


