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ABSTRACT

Sleep disorders represent a common comorbidity among children and adolescents with autism spectrum disorder with preva-
lence ranging from 50 to 80%. Poor quality sleep has a negative impact on individuals’ cognitive functions such as self-regulation,
attention, executive functions, memory, and speed of processing. The aim of this literature review was to examine the correlation

between sleep and measures of attention, executive functions, and processing speed among children with autism. This review

included research articles published between 2012 and May 2022 in PubMed and Scopus databases, using the keywords “sleep”
AND “attention” OR “executive functions” OR “processing speed” AND “autism” AND “children”. These keywords were accompa-
nied by synonymes, close-related, or underlying terms using the Boolean connector OR. 1226 results were yielded but the total

number of original papers was reduced to 90 after checking for duplicate publications and title/abstract screening. 68 out of the

90 articles were excluded as irrelevant to the scope of the present study, after reading the full text. As a result, 22 studies were

included in the present review, which was compiled by the PRISMA protocol. Exclusion criteria were papers published in any

language other than English, non-research articles and studies in typically developing and/or adult populations. Regarding the

measurement of sleep quality, most studies used subjective measures, such as questionnaires with reports and parental observa-
tions of participants’ sleep habits and behaviors. Most studies used subjective rather than objective instruments to measure the

under examination cognitive functions. In the case of attention, most studies tested it as a unitary construct by using question-
naires. Contrary, regarding Executive Functions, the majority of studies examined specific aspects, such inhibition, shifting and

working memory, rather than executive functions as a unitary construct. Results showed a strong correlation between sleep and

measures of attention, whereas results for executive functions and processing speed are less clear. Early and accurate diagnosis

of sleep disorders could prove to be crucial in the regulation of these cognitive functions in children with autism, as it implies

early and targeted intervention. Conclusively, further research on sleep quality improvement interventions is needed in autism

individuals.

KEYWORDS: Sleep, attention, executive functions, processing speed, autism, children.

Introduction individuals encounter co-existing language difficulties

H 1
Autism Spectrum Disorder (ASD) is a neuro-develop- and/or mental retardation.

mental disorder characterized by deficits in social com-
munication and interaction, as well as by restricted and
repetitive behaviors, actions, and interests. ASD is a con-
dition with high heterogeneity of characteristics. Some

One of the most influential interpretive frameworks of
ASD is the Executive Dysfunction Hypothesis.? According
to this, ASD individuals face deficits in Executive
Functions which largely explain some of their distinct
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behavioral characteristics.>* Furthermore, research sug-
gests that people with autism tackle difficulties in other
cognitive functions, such as attention** and processing
speed.5’

The term Executive Functions (EF) refers to a set of
cognitive skills which support individuals flexibly adapt-
ing their thoughts, actions, and emotions while solv-
ing a problem.® Although there is no consensus on the
specific nature of these functions and the way they are
organized as a set, some of the most widely accepted
are: (1) inhibition, (2) shifting (or cognitive flexibility), (3)
working memory (or working memory updating), (4) ini-
tiation, (5) planning (or organizing), (6) problem-solving,
and (7) monitoring.®'° EF are activated when a task is
demanding and imports novel unpredictable conditions
or information, which demand one’s attention. Hence EF
are closely related to attention.’ Similar to EF, attention
is divided into distinct yet close-related functions, such
as: (1) focused/-sustained attention, (2) selective atten-
tion, and (3) divided attention.'"'> Cognitive functioning
is not only determined in terms of accuracy on prob-
lem-solving -for which attention and EF are crucial-, but
also in terms of how much time is needed for the prob-
lem to be solved. Thus, processing speed is a distinct
cognitive function that is generally defined as the time
an individual spends to successfully process information
and complete a task.'>'

Research has suggested that children and adolescents
with ASD seem to cope with sleep disorders (SD) more
often than individuals with no developmental disabili-
ties.”> 8 SD such as insomnia symptoms (difficulty falling
and staying asleep), restless sleep, short sleep duration,
and early morning waking are the most common par-
ent-reported symptoms in children with ASD."” In a re-
cently published study, Lai and colleagues reported that
the prevalence of sleep disorders was significantly high-
er in ASD population (13%) in comparison to the typical
population (3,7%)."™ Other studies refer to a prevalence
as high as 50-86%, which is two to three times greater
than typically developing (TD) children.'”-"® Until today,
a great number of research has confirmed executive
dysfunction in children, adolescents, and adults with
ASD, regardless of control factors such as intelligence
quote, gender, depression, or ADHD comorbidity.'*?° On
the same page, sleep disorders seem to have negative
effects on the cognitive functions of ASD individuals,
such as attention, memory, and self-regulation of mood
and behavior.'72122

There is a paucity of research regarding the relation-
ship between SD and cognitive functioning in ASD in-
dividuals. Improving sleep quality is likely to improve
attention, EF, and processing speed. These cognitive
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functions are involved in many important areas of ac-
tivity and development of children, such as school suc-
cess, social behavior and adaptation, language devel-
opment, and mathematical skills.?*2* Thus, improving
them through achieving better sleep quality in children
with ASD, is likely to lead to multiple benéefits in all of
the above areas. Considering the high prevalence of
SD and cognitive dysfunction in ASD, the scope of the
present literature review was to examine the association
between sleep and cognitive measures of attention, EF,
and processing speed in ASD.

Material and Method

The present review was performed following
the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) proto-
col.?

Search strategy and inclusion criteria

Two independent researchers searched Medline and
Scopus using the key terms: “sleep” AND “attention”
OR “executive functions” OR “processing speed” AND
“autism” AND “children”. These four key words were
accompanied by synonyms, close-related, or under-
lying terms using the Boolean connector OR (see the
Supplementary material for the exhaustive list of terms).
A time restriction between 2012 and 2022 (May) was set.
The initial resulting papers were screened on their titles
and abstracts as a first step to evaluate their relevance
to the scope of the current review. As a second step,
the remaining articles were read in their full texts by
which their relevance to the theme was further tested
according to inclusion/exclusion criteria. At this point,
the articles were also checked for duplicate publications.
Inclusion criteria were the following: research articles,
English language, Autism Spectrum Disorder popula-
tion, and children. Exclusion criteria were case studies,
reviews, brief reports, and letters to editors; any other
language rather than English, typically developing pop-
ulation, adults.

Data synthesis and outcome measures

From each article, the following data were extracted:
article ID, publication time, number of subjects, age of
subjects, sleep quality measures, attention/ executive
functioning/ processing speed measures. Sleep quality
measures were the independent variable. The outcome
was attention/ executive functions/ processing speed.

Results

The searches on PubMed and Scopus yielded 1226
results. The total number of initial papers was reduced
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after checking for duplicate publications and title/ab-
stract/keywords screening to 90. Out of the remaining
90 articles, 68 of them were excluded after reading their
full texts as irrelevant to the scope of the present study.
As a result, 22 studies were included in the current re-
view. Figure 1 depicts the PRISMA flow diagram for the
present investigation. The 22 included studies were eval-
uated for risk of bias using the Appraisal tool for Cross-
Sectional Studies (AXIS) (see supplementary material).

Cognitive measures

In regards to the measurement of attention, EF, and
processing speed, two distinct categories were extract-
ed: (1) subjective measures such as parent-reported
questionnaires which are based on participant’s daytime
behavior, and (2) objective measures which evaluate
participants’ cognitive performance in specific prob-
lem-solving experimental tasks.

Seventeen out of the twenty-two under review studies
(17722, 77%) used exclusively subjective measures.?’~44
Three out of them (3/22, 14%) utilized solely objective
measures.*** The remaining two (2/22, 9%) granted
both types of measures. >4’

Sleep quality measures

As far as sleep quality measurement is concerned,
two categories were extracted: (1) subjective meas-
ures such as parent-reported questionnaires which are

Total citation retrieved from
PubMed & Scopus
(n=1226)

Articles excluded after duplicate
and title/abstract screening
(n=1136)

Inclusion/Exclusion
criteria applied

Articles retrieved for further
screening
(n=90)

Articles excluded after full text
screening
(n=68)

Inclusion/Exclusion
criteria applied

Articles included
in the present review
(n=22)

Figure 1. PRISMA flow diagram.

based on observations about participants’ sleep hab-
its and behaviors, and (2) objective measures such as
actigraphy (wrists) and neuroimaging (polysomnog-
raphy) by which sleep indicators are recorded during
participants’sleep.

Fifteen out of the twenty-two under review stud-
ies (15/22, 68%) used exclusively subjective measures
of sleep quality.?7293134-394143444748 Qn the other hand,
three studies (3/22, 14%) utilized solely objective meas-
ures.?®324 The remaining four studies (4/22, 18%) grant-
ed both subjective and objective measures.3*4424 More
details about the research tools that were used for as-
sessing sleep and EF are provided in table 1.

Relationship between sleep and attention

Attention was examined by sixteen studies (16/22,
73%).293032-43.4648 Eleven of them (11/16, 69%) found sig-
nificant correlations between sleep and attention meas-
ures.22303234-3741-4348 Qne of them (1/16, 6%) reported no
significant correlation between the two variables.> All
of these twelve studies which mainly reported positive
results (11/12, 92%) can be categorized as using exclu-
sively subjective measures for both sleep and attention
(12/12, 100%).303234-373941-4348 Rasults of that category of
studies indicate a strong relationship between sleep and
attention.

The remaining four of the studies that assessed atten-
tion (4/16, 25%) reported mixed results**3%4%46 depend-
ing on which type of measurement was used***° and on
which attention tools/functions were used/tested.® In
particular, two out of the four studies (2/4, 50%) found
mixed results used both subjective and objective meas-
ures. 4% Lambert* found that CBCL sleep problems sub-
scale was significantly associated with CBCL attention
problems subscale, whereas PSG REM sleep variables
were not significantly correlated with CBCL attention
problems subscale. Loring® found that, after sleep quali-
ty improvement through sleep education, an inattention
indicator (commission errors) measured by an objective
measure (C-CPT) was significantly improved. In contrast,
sleep improvement was not significantly correlated with
the attention problems subscale of a subjective meas-
ure (BASC-2). These two studies demonstrate that when
different types of measurement (subjective vs objective)
are used in the same study, results become contradict-
ing. The two remaining studies (2/4, 50%) used different
tools of exclusively one type of measurement, either
subjective or objective.?®4 More specifically, Heinrich,®
by using subjective measures, found no associations
between sleep parameters extracted by clinical inter-
views and CBCL attention problems subscale, among
ASD and ASD+ADHD groups. Contrarily, they found that
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the sleep-breathing disorder (SBD) scale was significant-
ly correlated with Conner’s (CPRS-R) ADHD inattentive
problems in the comorbid ASD+ADHD group. On the
other hand, Limoges,* by using objective measures,
showed that PSG poor sleep indicators were not signifi-
cantly associated with sustained attention (four choices
reaction time test), whereas PSG sleep indicators were
significantly correlated with selective attention (flanker
task). These two studies show that when different tools/
aspects of the same type of measurement are used/test-
ed, results about a possible relationship between sleep
and attention become less cohesive.

Relationship between sleep and EF as a unitary
construct

Three studies (3/22, 14%) tested the relationship be-
tween sleep and EF by considering EF as a unitary con-
struct, using BRIEF total raw score in their statistical
analyses.?”?834 One of them reported negative results.?”
In particular, Gustemps?’ performing univariate linear
regression analysis reported that none of the sleep vari-
ables of the Sleep Disturbance Scale for Children (SDSC)
reached significance in predicting the BRIEF composite
score. Two of them found mixed results.?®3* More specif-
ically, Smidt?® reported that decreased EF performance
(BRIEF total score) was significantly associated with de-
creased levels of two sleep parameters (earlier start of
physical activity, strength of the circadian rhythm) as
measured by actigraphy (wrists), in univariate linear re-
gression analysis. Nonetheless, when adjusted for mul-
tiple factors in multivariate analysis these associations
did not remain significant, likely due to the small sample
size (N=31). In Reynolds** multivariate regression analy-
sis showed that problematic sleep behavior (CSHQ total
score) was significantly predicted by BRIEF total score,
after controlling for paternal education, internalizing
symptoms, ASD, and ADHD severity. However, univariate
regression analysis indicated no significant correlation
between sleep and executive functioning. These two
studies indicate that control variables may influence the
relationship between sleep and EF.

Relationship between sleep and different
aspects of EF

Shifting

Shifting was examined by five studies (5/22,
23%).3133444547 Two of them used subjective tools and
reported mixed results depending on control variables.
More specifically, Holingue et al*’ found that CSHQ sleep
quality significantly predicted BRIEF shifting scores, but
this relationship became null after controlling for anxie-
ty. Tesfaye®' found no significant relationships between
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CSHQ sleep indicators (sleep duration, delayed sleep on-
set) and BRIEF shifting at the age of 3.5 but they found
significant such correlations at the age of 6.7.

The remaining three studies used objective meas-
ures. One of them reported mixed results depending
on which shifting indicator was tested and two of them
reported insignificant results. In particular, Memari*
found no evidence for a relationship between sleep and
categories achieved, but they found evidence for a link
between sleep and preservation, of the Wisconsin Card
Sorting Test (WCST).?” Contrary to this result, Loring*?
found that sleep quality improvement after sleep edu-
cation was not significantly correlated to perseveration
errors of the Conner’s Continuous Performance Test Il
(C-CPT ). Adding to this, Backer* reported that shifting
(interdimensional/ extradimensional shift, IED) was not
significantly different between poor and good sleepers
divided into groups by CSHQ total score.

Inhibition

Inhibition was investigated by two studies (2/22,
9%).2'4” Both utilized subjective tools (2/2, 100%) and
reported mixed results. Holingue*” demonstrated that
CSHQ total sleep score was significantly associated with
BRIEF Inhibition score, after adjusting for demograph-
ic variables, use of stimulant medications, and general
cognitive ability. However, after further adjustment for
anxiety, the associations became insignificant. Tesfaye®'
found no significant associations between two CSHQ
sleep indicators (sleep duration, delayed sleep onset)
and BRIEF inhibition at the age of 3.5 years, yet they
found such significant correlations at the age of 6.7
years. These two studies show that control variables
such as anxiety and age may influence the relationship
between sleep and EF/inhibition.

Working memory

Working memory was tested by two studies (2/22,
9%).%647 They used totally different measures and report-
ed contradicting findings from each other. Holingue47
found that BRIEF working memory was significantly
associated with CSHQ sleep total score, even after con-
trolling for anxiety. In contrast, Limoges* found that no
PSG poor sleep indicator was significantly correlated
with working memory measured by a non-verbal exper-
imental task (Corsi blocks).

Relationship between sleep
and processing speed

Processing speed was evaluated by three studies
(3/22, 14%).2*%47 Two of them did not find a signifi-
cant relationship (2/3, 67%). Holingue* reported that
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processing speed measured by an experimental WISC
task was not significantly correlated with CSHQ total
sleep score. Loring®® reported that, after sleep quality
improvement through sleep education, no significant
improvements were found for processing speed indica-
tors of the C-CPT (reaction time, response speed). One of
them reported mixed results (1/3, 33%). Backer* found
that processing speed performance (response time and
maximum response time in Motor planning task, MOT)
was not significantly lower in the poor sleepers as com-
pared to the good sleepers. Nonetheless, correlation
analysis for the whole sample indicated significant asso-
ciations between sleep parameters (CSHQ, actigraphy)
and processing speed indicators. In particular, bedtime
resistance and sleep anxiety (CSHQ) were significantly
correlated with response time (SRT task), while sleep la-
tency and wake after sleep onset (CSHQ) were correlat-
ed with motor speed response (SRT task). Adding to this,
actigraphy data (wrists) indicated that wake after sleep
onset was significantly correlated with response time
(SRT task).

Discussion

The objective of the present study was to investigate
the relationship between sleep and cognitive functions
(attention, EF, processing speed) in children with ASD. As
far as cognitive measurement is concerned, most studies
used subjective rather than objective tools. Specifically,
regarding attention, most studies assessed it as a uni-
tary construct by using subjective measures (question-
naires). Contrary to attention, the majority of EF studies
tested specific aspects of EF (shifting, inhibition, work-
ing memory) rather than EF as a unitary construct (EF
total score). However, subjective tools were more fre-
quently used similar to attention assessment. The few
studies that tested processing speed used experimental
reaction-time tasks.

The most frequently examined cognitive function is at-
tention. Results depicted a strong relationship between
sleep and attention. However, all studies which reported
a firm significant correlation used exclusively subjective
tools 29303234-3741-4348 The few studies which used objec-
tive measures or combined both types of measurement
reported mixed results,33384046

The few studies which tested EF as a unitary construct
reported mixed results.?’?%3* One of them found no sig-
nificant correlation.?” Two of them found some evidence
for a strong relationship but these results were greatly
dependent on control factors.?3*

The most frequently studied EF dimension is shifting/
cognitive flexibility. Results are incohesive about the
influence of sleep quality on perseveration.>** On the

other hand, categories achieved seem to not be influ-
enced by sleep quality in both studies which tested this
shifting indicator.***> Moreover, results from each of the
two studies which used subjective measures are mixed
depending on interfering variables such as anxiety* and
age.’

Another EF aspect that was examined is inhibition.
Only two studies were found.?'* Each of them utilized
subjective tools and reported mixed results. The source
of contradicting results for both studies was intervening
control factors such as anxiety*” and age,*' similar to the
case of shifting.

Working memory was also tested as a distinct EF di-
mension by two studies.***” Results lack cohesiveness
as the two studies used completely different measures
(subjective vs objective, verbal vs non-verbal) and re-
ported contradicting results with each other.

In regard to processing speed, all three relevant
studies utilized experimental tasks.>**47 Results show
a tendency to the insignificant relationship between
sleep and processing speed, as two of them report-
ed no significant correlation®#” and one of them re-
ported mixed results.* It is noteworthy that positive
results derive from testing between actigraphy data
and experimental data*® whereas negative results
emerged from testing between questionnaire data
and experimental data.**

Conclusion

In conclusion, cognitive functions are negatively
influenced by poor sleep quality in ASD, at least for
some specific aspects of them. Hence, an early and ac-
curate diagnosis of sleep disorders could be proved
vital for cognitive regulation in children with ASD, as
it consequently leads to early and targeted interven-
tion 32444647 Based on the findings of the present study,
the authors suggest future studies emphasize more
on which specific aspects of attention and EF may be
influenced by sleep quality, as different aspects may
influence different dimensions of everyday behavior.
This could be achieved by using objective measures
from which specific attention and EF aspects and indi-
cators are extracted, contrary to the current tendency
to use subjective tools. It is also suggested that future
research focuses on examining developmental differ-
ences because only one such study was found.?' More
than that, this review showed that more intervention
studies are needed in order to have a clearer view of
how to help in practical terms ASD people enhance
their sleep quality, as only three relevant studies were
fOUnd.32’33’42
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2xéon HeTa&l UMTVOU KAl HETPHOEWV TIPOCOXNG, EMTEANKWV
AsrToupyiwy, Kat Taxutnrag emeepyaociag o maidia

ME Sratapaxn AuTIOTIKOU PACHATOC: ZUCTNHATIKN
avaoKomnon

laBpiiA KapafBaciing'? Avaotaocia Xtatpn??
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350 Anuotik6 2xoAsio MNaAaiot ®aAripou, Abrva

IXTOPIKO APOPOY: Mapahripbnke 4 Maptiou 2022/AvabBswpnOnke 21 louviou 2022/AnuoocietBnke Aladiktuakd 30 AuyouoTou 2022

MEPIAHWH

Ot Slatapayég UTTVOU AVTITPOCWITEVOUV MId KOWVH ouvvoonpoTNTa HETAEY madIWV Kal eprBwyv pe Slatapayr auTioTIKOU
PACUOTOG PE EMMOAACUO TTOU KupaiveTal amd 50 €wg 80%. O XapnAng motdTNTag UTTVOG EXEL APVNTIKEG EMMTWOELG OTIG VON-
TIKEC AEITOUPYIEC, OTIWG N AUTOPPUBUILON, N TIPOCOXH, Ol EMTEAIKEG AEITOUPYIES, N MVAN KAl N TaxUTNTA eMe€epyaciag. ZTOX0C
NG mapovaoag BIBAIOYPAPIKNAG avaokonong Atav va e€eTdoel Tn oxéon PeTA&L UTTVOU KAl HETPHOEWY TTIPOCOXNG, ETITENIKWY
AEITOUPYIWY Kal TaxUTNTag emeéepyaociag o€ maldid e AUTIOPS. TNV AVACKOTTNON CUPTTEPIANPONKAV EpeuvNTIKA dpBpa
mou SnuootevTnkav améd 1o 2012 €wg kat Tov Mdio tou 2022, oTig NAEKTPOVIKEG Bdoelg dedopévwv PubMed kat Scopus, xpn-
olomolwvTag TIc Aé€eic-kAeldid: «sleep» KAI «attention» 'H «executive functions» 'H «processing speed» KAl «autism» KAI
«children». Autég ot Aé€elc-KAeIS1A GUVOSEUTNKAV ATTO CUVWVUHOUG, OTEVA OXETIOPEVOUG I UTTOKEILEVOUG OPOUC XPNOLUOTIOL-
wvTag Tov oLvdeopo H. Amé Tnv avalntnon mpoékuPav 1226 amoTeAECUATA AAAA O GUVOAIKOC ApIOUOC TWV APXIKWVY EpYa-
OlWV PEIWONKE o€ 90 HETA TOV ENEYXO Yla SITAGTUTIEG SNUOCLIEVTELG Kal ToV ENeYXO0 TiTAou/mepIAPewV. 68 amd ta 90 dpbpa
ATTOKAEIOTNKAV PETA TNV avAyvwon TwV MARPWV KEILEVWY TOUC, WG PN OXETIKA UE TO AVTIKEIMEVO TNG TAPOVOCAC UENETNG.
Q¢ anoTtéAeopa, 22 PENETEG CUPTTEPIARPONKAV 0TNV TapoVoa avaokoTnon, N omoia cuvtaxOnke pe BAon To TPWTOKOANO
PRISMA. KpITrjpla amoKAEIOHOU amOTENECAV EPYATIEC TTOU SNUOCIEVTNKAY O omoladimoTe AAAN YAWGod ANV TNG AyYAIKNG
KaBW¢ Kal pun EPELVNTIKA ApBpa Kal PEAETEC O€ TUTTIKO 1 KAl EVAAIKO TTANBUOUO. AVa@OpPIKA PE TN METPNON TNG TTOIOTNTAG
UTIVOU, Ol TTIEPIOCOTEPECG PENETEC XPNOIUOTIOINCAV UTTOKEIUEVIKEG LETPNOELG, OTIWG EPWTNHUATOAOYIA UE AVAPOPEC KAl TTAPA-
TNPNOELG YOVEWV OXETIKA PE TIG OUVADELEG KAl TIG CUUTTEPIPOPEG TWV CUUUETEXOVTWY OTOV UTTVO. AVAQOPIKA UE TN HETPNON
TWV VONTIKWV AEITOUPYLWY, Ol TIEPIOCOTEPEC EPEVVEC XPNOIOTIOINCAV UTTOKEIUEVIKEG TTAPA AVTIKEIUEVIKEG LETPNOELG. ZXETIKA
HE TNV TTPOCOXN, Ol TIEPIOOOTEPEG EPEVVEG TNV EEETACAV WG EVIAIA EVVOLOAOYLKH KOTAOKEUN XPNOIMOTTOIWVTAG EQWTNUATO-
Aoyla. AvTIOETa, OXETIKA E TIG EMTENKEG AEITOVPYIEG, N TTAEIOVOTNTA TWV HEAETWY EEETAOE OUYKEKPIUEVEC TITUXEG (EVaANayH,
avaoToAn, epyaldpevn HvApn) Kat XL TNV eMITENKA AElTOUPYia we eviaia vvololoyLk KataoKeun. Ta amoteAéopata €6&lav
LOXUPN CUOXETION METAEY UTTVOU Kal TWV PETPHOEWV TNG TPOCOXNG, EVW TA AMOTEAECHATA YA TIG EMTEAKEG AEITOUPYIEG Kal
TV TaxuTnTa eme€epyaaiag eivat Aiydtepo ekdBapa. H éykaipn kat akpiPrig Sidyvwon Twv dtatapayxwv umvou Ba pmopouoe
va anodelxOei (WTIKAG onUaciag otn PUBULON TWV VONTIKWV AEITOUPYLWY O0TA TTALSIA LE AUTIONO, KABWGS CUVETAYETAL £yKalpn
KOl OTOXEUUEVN TTAPEURACT. ZUPTTEPACHATIKA, ATTAITEITAL TIEPAITEPW EPEVVA OXETIKA ME TIC TAPEURATEIC BEATIWONC TNG TTOL-
4TNTAG TOU UTTVOU O€ ATOMA HE AUTIOUO.
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