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Study Objectives: The aim of this review was to summarize the existing literature on the association between sleep problems and cognition, function, and

behavior in children with Down syndrome.

Methods: Embase, PubMed, CINAHL, and PsychINFO databases were searched to retrieve all studies published between 1990 and 2018 that evaluated the
relationship between sleep and cognition, function, or behavior in children with Down syndrome.

Results: Fifteen articles were included, which were mostly of a cohort or case-controlled design. Five articles addressed sleep and cognition only, 6 reported on
sleep and behavior, and only 1 reported on sleep and functional ability. Three papers evaluated sleep and both cognition and behavior. Findings varied across
studies with methodological differences, making it difficult to directly compare results. The association between sleep and behavior or cognition in children with
Down syndrome remains uncertain, but a large study in 110 children provides strong evidence of a negative impact of sleep disorders on the accomplishment of

daily life habits.

Conclusions: The impact of coexisting sleep disorders in children with Down syndrome has not been widely studied, with only 15 relevant studies found through
an extensive literature review. Large well-designed studies are required to fully understand this relationship further. This is important as sleep-disordered breathing
and difficulties with sleep patterns and routines are highly prevalentin children with Down syndrome. Sleep may be one of the few treatable factors that can assistin

improving long-term outcomes in this population.
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INTRODUCTION

Children with Down syndrome (DS) have been shown to have
different sleep architecture compared with those without DS and
to have a high prevalence of sleep problems.! Anatomic con-
siderations such as hypotonia, macroglossia, and midface hy-
poplasia result in an increased risk for obstructive sleep apnea
(OSA), and central sleep apnea also occurs, possibly secondary
to neurological factors.>* Family dynamics, medications, and
coexisting medical conditions may also contribute to poor
sleep quality.

OSA results from repetitive upper airway obstruction during
sleep and can lead to snoring, intermittent hypoxia, hypercarbia,
restless sleep, and increased awakenings.* The prevalence of
OSA in children with DS is estimated to be between 31% and
79%,>* which is approximately 6 times higher than in the
general pediatric population. OSA severity peaks during early
childhood, subsiding with growth and improved tone during
school years. A resurgence of symptoms often occurs with the
onset of obesity in adolescent years, with an estimated risk ratio
of2.4.'°

Comorbidities found in children with DS can be associated
with significantly disrupted sleep.'' In a recent large-cohort
study, 78% of children with DS with pulmonary hypertension
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were found to have coexisting OSA. Other common coexist-
ing conditions, such as gastroesophageal reflux disease, hy-
pothyroidism, and lower airway abnormalities, may further
exacerbate OSA."

Behavioral characteristics of DS are an important contributor
to disrupted sleep. Common sleep problems include bedtime
resistance, sleep anxiety, night waking, parasomnia, daytime
sleepiness, and periodic limb movements.'-'*-'® These problems
place a significant burden on caregivers as well as impacting on
their own sleep quality. The pressures of raising a child with
intellectual disability often influence parenting strategies, in-
cluding the ability to cope with their child’s sleep problems.
Other medical problems are often a priority over establishing
sleep routines, and further disruption of sleep can occur with
repeated or prolonged hospital admissions. Combined with the
intellectual and communication limitations seen in children
with DS, it is not surprising that this population has difficulties
acquiring good sleep habits and achieving quality sleep.

The spectrum of intellectual disability in DS ranges from
profound to borderline intellectual functioning.'”"'® Studies
evaluating 1Q (intelligence quotient) have universally shown
that decline occurs over time and that cognitive development in
children with DS proceeds at a slower rate.”’ Verbal domains
are consistently affected, with attainment of verbal abilities
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decelerating with age. Temperament, maternal education,
medical conditions, and school experiences have all been
shown to be associated with cognitive differences in children
with DS.?! Individual phenotype still remains highly variable,
and existing literature has been unable to ascertain the expected
age-related trajectory for this population versus slowing or
acceleration of function that has been impacted by other factors.
More work is required to determine if there are ages at which
interventions to enhance specific cognitive domains may be less
or more effective.?’

Children with DS do show increased behavior problems
compared with children without developmental disabilities.?
Studies have demonstrated a pattern of predominantly exter-
nalizing behaviors (dominant, opposing/refusing impulsive-
ness, inattention, and increased motor activity) in younger
school-aged children and increased internalizing behaviors
(shy/insecure, low self-confidence, decreased motor activity) in
adolescents and adults.'”*-* Attention-deficit/hyperactivity
disorder and autistic spectrum disorder have been found to
coexist in children with DS, with prevalence estimates of 6—8%
and approximately 10%, respectively.?® Behavioral difficulties
are often exacerbated by intellectual disability and frustration
developing from communication issues.

There is now significant evidence regarding the negative impact
of sleep deprivation®” and sleep-disordered breathing?®=* on
cognition and behavior in healthy children. Whether children
with DS, in whom sleep problems are so common, are more at
risk for these negative effects of poor sleep remains to be de-
termined; in children with DS, the crucial period of develop-
ment is likely to be longer than in healthy children and sleep
problems may also receive less attention, due to priority being
given to coexisting health issues.** These factors, combined
with existing intellectual disability and behavioral phenotype,
may contribute to increased vulnerability in this group.

The present study reviews existing literature regarding
cognitive, behavioral, and functional outcomes in children with
DS and coexisting sleep problems. This area has not been widely
studied. We aimed to examine whether there is evidence to
support an association between sleep problems and (1) cog-
nition, (2) behavior, and (3) function in children with DS.

METHODS

The current systematic review adhered to the PRISMA (Pre-
ferred Reporting Items for Systematic Review and Meta-
Analyses) guidelines. *

Search strategy

A literature search was conducted using the following data-
bases: EMBASE, PubMed, CINAHL, and PsychINFO. The
search was limited to studies published between 1 January 1990
and 31 December 2018. The following MeSH (medical subject
heading) terms and related subheadings were combined itera-
tively to generate our search strategy: “Down syndrome,”
Down’s syndrome,” “Trisomy 21,” “T21 to define the pop-
ulation, “sleep,” “sleep problems,” “sleep disorders,” AND
“cognition,” “cognitive function,” “cognitive outcomes,” “I1Q,”
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“Intellectual Ability” OR “behaviour,” behavior,” “behavioural
outcomes,” “behavioral outcomes,” “temperament,” OR

“function,” “functional ability,” “functional outcomes,” “ac-
tivities of daily living,” “ability”.

Inclusion criteria

All studies in children with DS (0—18 years) that evaluated a
relationship between sleep and any of (1) cognition, (2) be-
havior, or (3) functional ability were included in the search.
Only English-language studies published between 1 January
1990 and 31 December 2018 were included.

Exclusion criteria

Exclusion criteria included the following: (1) studies not written
in English; (2) studies published outside of 1 January 1990to 31
December 2018; (3) studies pertaining to adults with DS
(classed as >18 years); (4) papers focusing on sleep interven-
tions and outcomes; and (5) clinical reviews, case reports,
abstracts, and editorials/commentaries. To our knowledge there
are no studies that have specifically looked at the effectiveness of
sleep therapies on cognitive, behavioral, and functional outcomes.

Study selection

All studies were managed using the EndNote X9 program
(Clarivate Analytics, Philadelphia, PA). Duplicates were re-
moved by hand and using the automatic duplicate removal
process in EndNote. Remaining results were screened first by
title and abstract for relevance and then by the full article. To
ensure reliability of the screening process, 2 authors completed
the screening independently.

In total, the 4 database searches yielded 605 results. After
removal of duplicates, 408 results remained. A total of 376 were
excluded as being irrelevant to the study question after review of
title and abstracts, and a further 4 were excluded because the
articles were abstracts only. Twenty-eight articles were screened
by full-article review. One was excluded as a clinical review
published after 31 December 2018. Thirteen articles related to
sleep in children with DS but did not address function, behavior, or
cognition and therefore were excluded from analysis. A total of 15
papers were included in the final review. The detailed filtering and
selection process is summarized in Figure 1.

RESULTS

Fifteen relevant articles were identified for inclusion in this review.
Some of these studies were found to include the evaluation of
participants with DS in addition to children with other disabilities
or typically developing (TD) children. These were still believed
to be significantly relevant to the study questions. Five articles
addressed sleep and cognition only, 6 addressed sleep and be-
havior, and only 1 article addressed sleep and functional ability.
Three papers evaluated sleep and both cognition and behavior.
These were evaluated from both aspects separately.

Sleep and cognition in DS

Studies in children with DS that have assessed the relationship
between cognitive deficits and sleep-disordered breathing have
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Figure 1—Flow chart of the study screening and selection process.
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Adapted from the PRISMA 2009 flow diagram. PRISMA = Preferred Reporting Items for Systematic Review and Meta-Analyses.

been mixed, with some studies strongly suggesting an associ-
ation and others not.>*** This is perhaps not surprising con-
sidering that this has been a difficult association to ascertain
even in the TD healthy population.

Table 1 summarizes the existing evidence in this area, with
only 8 articles to date addressing this topic. All of these articles
have been published within the last decade, with 50% of them in
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the last 4 years. However, direct comparison of these studies is
difficult due to their heterogenous nature. Most of the studies
have concentrated on school-age children, with those that have
focused on the preschool-age group showing different results.
An example of this is in the studies by Breslin et al*® and Edgin
etal,*” which found contrasting results with sleep disruption and
executive function in the 2 age groups; Breslin et al concluded
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that school-age children with DS and OSA had poorer executive
function than those without OSA. In their study, Edgin et al
demonstrated no difference in executive function between poor
sleepers and good sleepers in the preschool-age group, although
language development was worse in the poor sleepers. In their
conclusions, the authors provided several valid reasons for the
difference in results from published studies in older children,
including highlighting the difficulty of testing in the preschool
population. Methodologically, a major strength of both these
studies was the use of objective measures of sleep (poly-
somnography [PSG] and actigraphy, respectively) compared
with many other studies that have used parent-reported sleep
questionnaires. However, this could potentially also explain the
different results, as although both use objective sleep measures,
actigraphy and PSG evaluate different aspects of sleep.
Actigraphy is unable to discriminate whether sleep disruption
occurs as a result of OSA or from other nonrespiratory sleep
problems but provides an overall pattern of sleep quality,
usually in the home environment. In contrast, PSG can diagnose
OSA but only evaluates sleep quality over 1 night in a laboratory
setting. Therefore, it is possible that the differing results from
these 2 studies reflect different underlying sleep problems
contributing to the sleep disruption. Before any conclusions can be
drawn regarding the relationship between sleep and executive
function in children of any age with DS, further work is required to
develop more reliable measures of cognitive function, particularly
inthe younger age group, and ideally studies should include the use
of multiple sleep measures to understand the exact sleep condition
for the children included. This is particularly important in this
subgroup of children in whom respiratory and nonrespiratory sleep
problems commonly coexist.

Another difficulty in comparing published studies is that the
choice of cognitive test has also varied from study to study.
Cognitive measures have ranged from a battery of tests, in-
cluding several aspects of cognition, to specifically looking at
certain fields such as language or executive function. The re-
liability and interpretation of such testing in children with
existing intellectual disability are also uncertain. Most neuro-
psychological assessments have not been validated in children
with known developmental disabilities. Special challenges are
associated with testing individuals who have intellectual and
developmental disorders, including substantial floor effects and
the confounding effects of impaired language and attention.**
This is particularly relevant to children with DS as many are
nonverbal, adding to the complexity of testing.

Despite these challenges there are, however, some striking
findings that support an association between sleep disturbance
and worse cognitive function in children with DS. In the pre-
viously mentioned study by Breslin et al*® verbal [Q was 9 points
lower in children with DS and coexisting OSA compared with those
without OSA. This study included the largest subset of school-age
children with DS and used a previously validated cognitive test
battery designed specifically for use in children with DS.**

Edgin et al*’ found that only 31.6% of preschool children in
their DS poor-sleepers group were combining words, compared
with 80% of those in the DS good-sleepers group. Confounding
factors such as the presence of behavioral problems may have
influenced these results, but the significance of such striking
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findings cannot be overlooked when drawing conclusions re-
garding the potential impact of sleep problems on certain as-
pects of cognitive function in children with DS. Italso highlights
the need for well-designed, large-scale studies to evaluate this
relationship more effectively in this population of children.

Sleep and behavior in DS

One of the difficulties in examining sleep and its impact on
behavior is the number of potential confounding environmental
factors that may also influence behavior, such as diet, parenting
methods, and medications. This area has not been widely
studied in children with DS, with only 9 studies that have
evaluated the relationship between sleep and behavior in
children with DS37-384%45-5% found through the search strategy
(Table 2). Included in this are 3 studies that examined both
cognitive and behavioral measures, therefore having some
overlap with Table 1 and subject to the same limitations.*”-*#4°

The largest study, by Kelmanson,*® evaluated 34 children
with DS aged 9—-15 years and 34 TD controls of the same age.
This study found sleep problems to be a predictor of behavioral
and emotional difficulties in both children with DS and TD
children, with the total sleep disturbance score on the Child Sleep
Habits Questionnaire being a significant predictor of the child
attention-deficit/hyperactivity score. Although only self-reported
sleep assessment was undertaken with parental Child Sleep Habits
Questionnaire completion, the study findings are perhaps
strengthened using teacher rather than parent reports of behavior.

Esbensen et al*’ also suggest a positive relationship between
sleep and poor behavior. Interestingly, in this study, parent reports
ofrestless sleep behaviors on the Child Sleep Habits Questionnaire
but not actigraph-measured sleep efficiency were predictive of
parent and teacher behavioral concerns. Looking at daytime
parent-reported inattention, both actigraph-measured sleep period
and parent-reported sleep duration were found to be predictive.
However, for hyperactivity/impulsivity, only actigraph-measured
sleep period was predictive. This is one of the only studies to have
used both a self-reported and objective measure of sleep efficiency
and demonstrates poor correlation in these 2 measures in this
population. This could be explained by multiple reasons, including
potential difficulties with actigraphy in this group of children, but it
highlights that utility of multiple sleep measures may, in the future,
help us improve our understanding of the complex relationship
between poor sleep and behavioral problems.

Breslin et al included 2 measures of attention in their study of
38 school-age children with DS and did not find poorer attention
in those with OSA on PSG compared with those without.*® This
study used both a self-reported parent-rated measure of attention
as well as an independent examiner-rated score of participant
attention. Children with and without OSA were matched by age,
body mass index, and background health status to add strength
to the study design. The directly contrasting results with the
previous 2 studies cannot be easily explained. All 3 studies were
carefully designed and all were subject to similar limitations.
A possible explanation is that the tests used in each study
concentrate on different aspects of the child’s behavior. To
further understand this, larger trials are required with the use of a
standard battery of assessments that evaluate different aspects
of behavior.
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Table 3—Studies evaluating sleep and functional ability in children with DS.

Cohort and Mean
Age, y

First
Author

Sleep

Year n Disturbance

Assessment of
Functional Ability

Findings Comments

DS = 110,
TD =29

DS = 11.05,

HIE
Churchill®' | 2015 D = 1252

CSHQ

Life-Habit Questionnaire
(Life-H)

Sleep disturbances are
negatively associated with the
accomplishment of daily
activities in DS Self-reported

0.06-0.12-point decrease in the | sleep measure
accomplishment score for every
point increase in the total
CSHQ score

CSHQ = Child Sleep Habits Questionnaire; DS = Down syndrome; TD = typically developing.

Two studies evaluated children with DS alongside children
with other syndromes and TD children*®*; Cotton and
Richdale®® examined sleep and behavior patterns in children
with autism, Prader Willi syndrome, DS, and other disabilities and
TD children. They did demonstrate some positive correlations
between sleep and behavioral parameters in children with DS, but
the study was aimed more at describing and comparing patterns
within the different groups of children rather than specifically
evaluating the relationship between sleep and behavior.

Ashworth et al*® assessed children with DS, William syn-
drome, and TD children. They used continuous pulse oximetry
over 3 nights as a surrogate marker for OSA, using oxygen
saturation (SpO,) dips and variability to predict OSA presence.
This is a limitation of the study as oximetry is generally regarded
as a screening tool rather than as being diagnostic for OSA.
Additionally, very few participants in the DS and William
syndrome groups had complete oximetry data. Ashworth et al
were unable to demonstrate a relationship between sleep and
attention problems in either the DS or William syndrome
groups. However, it is likely that results were affected by the
study design and limitations pointed out by the authors in
their discussion.

Lukowski and Milojevich*’” found more-mixed results in
their study of younger children; this group did not find sig-
nificant associations between sleep and temperament in their
correlation analysis, but their mediation analyses to assess for
causality suggested a bidirectional relationship between the 2
variables. It remains unanswered whether the impact of sleep is
greater on behavior or vice versa.

Joyce and Dimitriou* are the only other group to have
specifically studied preschool children, with some unexpected
findings. To examine behavior, this study used the Strengths and
Difficulties Questionnaire for 2—4 years and compared 22 TD
children with 22 children with DS. All children underwent a
cardiopulmonary PSG study. Results showed that TD children
with higher apnea-hypopnea indices had worse behavioral
scores, but the same relationship was not seen in children with
DS. Interestingly, total sleep duration was longer in the children
with DS than the TD children and the authors hypothesized that
this could have been protective, improving behavior and cog-
nitive scores for this group. This is in keeping with the findings
of Brooks et al,>” who did not find a difference in behavior
between school-age children with DS with and without OSA but

Journal of Clinical Sleep Medicine, Vol. 16, No. 10

did demonstrate a positive relationship between total sleep time,
percentage of slow-wave sleep, and cognitive function.

An interesting study in an older age group of adolescents and
young adults with DS suggests a potential link between de-
pression and the presence of comorbid OSA.*° This is the only
study to have looked at mood disturbance, specifically depression,
in a group of young people with DS and demonstrated a high
prevalence of comorbid OSA in those experiencing a major de-
pressive episode. The main criticism of this study is that the control
group consisted of amuch smallernumber of participants, with only
9 in this group compared to 28 in the group with depression. The
mean age of the participants in this study was 21.8 years, making it
perhaps less relevant to adolescents. Therefore, the results should be
interpreted with caution and are limited by these factors.

In summary, at present it is difficult to make any conclusions
regarding the impact of sleep on behavior in children with DS.
Taken together, the published literature suggests that there is an
association between sleep and certain aspects of behavior, but with
the variability in study design and measures used by individual
groups the exact relationship remains poorly understood. The
difficulty in controlling for other environmental factors that may
affect behavior also needs to be taken into consideration.

Sleep and functional ability in DS

Although functional ability and independence is one of the most
important outcome measures to families only 1 study has fo-
cused on this in children with DS, particularly relating the
impact of sleep on these poor outcomes. Table 3 summarizes the
1 study undertaken in this area.’' Churchill et al*! provide strong
evidence to suggest that sleep disturbances are negatively asso-
ciated with the accomplishment of daily activities in children with
DS, undertaking the largest community-based study to date in-
volving 110 children with DS. The authors suggest that im-
provement in sleep problems such as sleep-disordered breathing
could potentially translate to significantly improved quality of life
in children with DS. To date, however, no studies have evaluated
the effect of treatment of sleep problems on such outcomes.

DISCUSSION

At present, there is limited evidence relating to the relation-
ship between sleep and cognitive, behavioral, and functional
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outcomes in children with DS, with only 15 relevant studies
found through an extensive literature review. Most of these have
included no more than 30-35 children with DS, making it
difficult to extrapolate findings to the wider population. Some
have examined community-based populations, whereas others
have studied referred populations. The majority have been
undertaken in school-age children, with very few assessing the
younger or adolescent populations. Analysis of the combined
findings of these studies is also limited by the heterogeneous
methodology and varied outcome measures utilized, which may
also account for mixed results.

It seems likely from the evidence available that sleep does
influence certain aspects of cognitive, behavioral, and func-
tional progress in children with DS, but before any firm con-
clusions can be reached larger well-designed studies using a
standardized battery of assessments are required and should
ideally include children with DS with and without sleep dis-
orders. It is important also that the specific sleep disorders are
defined with objective measures as both sleep duration and sleep
quality appear to be relevant. Age-related changes also need to be
considered as the phenotype of DS is often evolving through
childhood and will contribute to changes seen in cognitive and
behavioral parameters. Patterns of change with age are not entirely
predictable in DS and this may make it more difficult to attribute
lack of skills to a sleep problem specifically. Studies that use
assessment of trajectories, focusing on change over time, may be
more useful, comparing those with and without sleep problems and
evaluating the rate of change over time in these 2 groups.

Understanding whether treatment of sleep disorders leads to
improvements in outcomes is an important area of study; re-
search in this area may help to strengthen our knowledge of the
association between sleep and cognitive, behavioral, and
functional outcomes in children with DS. However, studies in
this area will need to include objective re-evaluation of sleep
problems to ensure resolution before assessing benefit of
therapy as treatment is often challenging in this group. For OSA,
adenotonsillectomy remains the first-line treatment option in
children with DS but is acknowledged to be less successful than
in TD children, with approximately 50% of children continuing
to have residual OSA postsurgery.”> Continuous positive air-
way pressure therapy is often attempted for the management of
persisting OSA and is sustained in approximately 60% in the
home.> Additional surgical procedures, including uvulopala-
topharyngoplasty, lingual tonsillectomy, supraglottoplasty,
partial midline glossectomy, and tongue suspension with or
without lingual tonsillectomy have been suggested as surgical
options, but there is currently limited evidence to support the
routine use of these procedures.>* Therefore, with the treatment
options currently available, a significant number of children
with DS may have residual sleep-disordered breathing and for
this reason research study design will need to include evaluation
of response to therapy for the specific sleep problem in order to
accurately evaluate the effect on other outcomes. For OSA, this
would mean ensuring re-evaluation with PSG after any treat-
ment is undertaken, thus allowing comparison of those with and
without residual disease.

The high prevalence of sleep disorders in children with DS
and the increasing body of evidence relating to negative effects
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of sleep disorders on cognitive and behavioral outcomes in TD
children make further study in this area important despite the
mentioned challenges. In order to direct management pathways
for sleep problems in children with DS further understanding of
the impact on longer-term outcomes is essential and may help us
advocate for priority treatment for this population.

ABBREVIATIONS

DS, Down syndrome

OSA, obstructive sleep apnea
PSG, polysomnography

TD, typically developing

REFERENCES

1. Hoffmire CA, Magyar CI, Connolly HV, Fernandez ID, van Wijngaarden E.

High prevalence of sleep disorders and associated comorbidities in a
community sample of children with Down syndrome J Clin Sleep Med. 2014;10(4):
411-419.

2. FerriR, Curzi-Dascalova L, Del Gracco S, Elia M, Musumeci SA, Stefanini MC.
Respiratory patterns during sleep in Down’s syndrome: importance of central
apnoeas. J Sleep Res. 1997;6(2):134-141.

3. Coverstone AM, Bird M, Sicard M, et al. Overnight pulse oximetry for evaluation
of sleep apnea among children with trisomy 21. J Clin Sleep Med. 2014;10(12):
1309-1315.

4. American Academy of Sleep Medicine. International Classification of Sleep
Disorders. Diagnostic and Coding Manual. 2nd ed. Westchester, IL; American
Academy of Sleep Medicine; 2005.

5. Marcus CL, Keens TG, Bautista DB, von Pechmann WS, Ward SLD.
Obstructive sleep apnea in children with Down syndrome. Pediatrics. 1991;88(1):
132-139.

6. de Miguel-Diez J, Villa-Asensi JR, Alvarez-Sala JL. Prevalence of sleep-
disordered breathing in children with Down syndrome: polygraphic findings in
108 children. Sleep. 2003;26(8):1006-1009.

7. Stebbens VA, Dennis J, Samuels MP, Croft CB, Southall DP. Sleep related
upper airway obstruction in a cohort with Down’s syndrome. Arch Dis Child. 1991;
66(11):1333-1338.

8. Ng DK, HuiHN, Chan CH, et al. Obstructive sleep apnoea in children with Down
syndrome. Singapore Med J. 2006;47(9):774-779.

9. Dyken ME, Lin-Dyken DC, Poulton S, Zimmerman MB, Sedars E. Prospective
polysomnographic analysis of obstructive sleep apnea in down syndrome. Arch
Pediatr Adolesc Med. 2003;157(7):655-660.

10. Basil JS, Santoro SL, Martin LJ, Healy KW, Chini BA, Saal HM. Retrospective
study of obesity in children with Down syndrome. J Pediatr. 2016;173:143-148.

11. Churchill SS, Kieckhefer GM, Landis CA, Ward TM. Sleep measurement and
monitoring in children with Down syndrome: a review of the literature, 1960-2010.
Sleep Med Rev. 2012;16(5):477-488.

12. Lal C, White DR, Joseph JE, van Bakergem K, LaRosa A. Sleep-disordered
breathing in Down syndrome. Chest. 2015;147(2):570-579.

13. Carter M, McCaughey E, Annaz D, Hill CM. Sleep problems in a Down syndrome
population. Arch Dis Child. 2009;94(4):308-310.

14. Rosen D, Lombardo A, Skotko B, Davidson EJ. Parental perceptions of sleep
disturbances and sleep-disordered breathing in children with Down syndrome. Clin
Pediatr (Phila). 2011;50(2):121-125.

15. Breslin JH, Edgin JO, Bootzin RR, Goodwin JL, Nadel L. Parental report of sleep
problems in Down syndrome. J Intellect Disabil Res. 2011;55(11):1086-1091.

16. Rosen D, Berbert L, Weller E. High prevalence of periodic limb movements of
sleep in children with Down syndrome. J Clin Sleep Med. 2020;16(3):347-352.

17. Vicari S, Bellucci S, Carlesimo GA. Visual and spatial long-term memory:
differential pattern of impairments in Williams and Down syndromes. Dev Med
Child. Neurol. 2005;47(5):305-311.

October 15, 2020



Downloaded from jesm.aasm.org by 49.145.234.186 on March 20, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

JK Chawla, S Burgess, and H Heussler

18. Contestabile A, Benfenati F, Gasparini L. Communication breaks-Down: from
neurodevelopment defects to cognitive disabilities in Down syndrome. Prog
Neurobiol. 2010;91(1):1-22.

19. Grieco J, Pulsifer M, Seligsohn K, Skotko B, Schwartz A. Down syndrome:
cognitive and behavioral functioning across the lifespan. Am J Med Genet C Semin
Med Genet. 2015;169(2):135-149.

20. Patterson T, Rapsey CM, Glue P. Systematic review of cognitive development
across childhood in Down syndrome: implications for treatment interventions.

J Intellect Disabil Res. 2013;57(4):306-318.

21. Couzens D, Haynes M, Cuskelly M. Individual and environmental
characteristics associated with cognitive development in Down syndrome: a
longitudinal study. J Appl Res Intellect Disabil. 2012;25(5):396—413.

22. Fidler DJ, Most DE, Booth-LaForce C, Kelly JF. Temperament and behaviour
problems in young children with Down syndrome at 12, 30, and 45 months. Downs
Syndr Res Pract. 2006;10(1):23-29.

23. Nicham R, Weitzdorfer R, Hauser E, et al. Spectrum of cognitive, behavioural
and emotional problems in children and young adults with Down syndrome. J
Neural Trans. 2003;67:143-191.

24. PatelL, Wolter-WarmerdamK, Leifer N, Hickey F. Behavioural characteristics of
individuals with Down syndrome. J Ment Health Res Intellect Disabil. 2018;11(3):
221-246.

25. Dykens EM, Shah B, Sagun J, Beck T, King BH. Maladaptive behaviour in
children and adolescents with Down’s syndrome. J Intellect Disabil Res. 2002;
46(Pt 6):484—492.

26. Dykens EM. Psychiatric and behavioral disorders in persons with Down
syndrome. Ment Retard Dev Disabil Res Rev. 2007;13(3):272-278.

27. Maski KP, Kothare SV. Sleep deprivation and neurobehavioral functioning in
children. Int J Psychophysiol. 2013;89(2):259-264.

28. Beebe DW. Neurobehavioral morbidity associated with disordered breathing
during sleep in children: a comprehensive review. Sleep. 2006;29(9):1115-1134.

29. Blunden S, Lushington K, Lorenzen B, Martin J, Kennedy D. Neuropsychological
and psychosocial function in children with a history of snoring or behavioral sleep
problems. J Pediatr. 2005;146(6):780-786.

30. Blunden S, Lushington K, Kennedy D, Martin J, Dawson D. Behavior and
neurocognitive performance in children aged 5-10 years who snore compared to
controls. J Clin Exp Neuropsychol. 2000;22(5):554-568.

31. Bourke R, Anderson V, Yang JS, et al. Cognitive and academic functions are
impaired in children with all severities of sleep-disordered breathing. Sleep Med.
2011;12(5):489-496.

32. Bourke RS, Anderson V, Yang JS, et al. Neurobehavioral function is impaired in
children with all severities of sleep disordered breathing. Sleep Med. 2011;12(3):
222-229.

33. Marcus CL, Moore RH, Rosen CL, et al.; Childhood Adenotonsillectomy Trial
(CHAT). A randomized trial of adenotonsillectomy for childhood sleep apnea.
N Engl J Med. 2013;368(25):2366-2376.

34. Shott SR, Amin R, Chini B, Heubi C, Hotze S, Akers R. Obstructive sleep apnea:
should all children with Down syndrome be tested? Arch Otolaryngol Head Neck
Surg. 2006;132(4):432-436.

35. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ. 2009;339:b2700.

36. Chen CC, Spano G, Edgin JO. The impact of sleep disruption on executive
function in Down syndrome. Res Dev Disabil. 2013;34(6):2033-2039.

37. Brooks LJ, Olsen MN, Bacevice AM, Beebe A, Konstantinopoulou S, Taylor HG.
Relationship between sleep, sleep apnea, and neuropsychological function in
children with Down syndrome. Sleep Breath. 2015;19(1):197-204.

38. Breslin J, Spano G, Bootzin R, Anand P, Nadel L, Edgin J. Obstructive
sleep apnea syndrome and cognition in Down syndrome. Dev Med Child Neurol.
2014;56(7):657-664.

39. Edgin JO, Tooley U, Demara B, Nyhuis C, Anand P, Spano G. Sleep disturbance
and expressive language development in preschool-age children with Down
syndrome. Child Dev. 2015;86(6):1984—1998.

40. Joyce A, Dimitriou D. Sleep-disordered breathing and cognitive functioning in
preschool children with and without Down syndrome. J Int Dis Res. 2017;61(8):
778-791.

Journal of Clinical Sleep Medicine, Vol. 16, No. 10

Sleep and outcomes in children with DS

41. Esbensen AJ, Hoffman EK. Impact of sleep on executive functioning in
school-age children with Down syndrome. J Intellect Disabil Res. 2018;62(6):
569-580.

42. Nixon GM, Biggs SN, Jitpiriyaroj S, Horne RS. The relationship between sleep
disordered breathing severity and daytime adaptive functioning in children with
Down syndrome. CNS Neurosci Ther. 2016;22(11):936-937.

43. Ashworth A, Hill CM, Karmiloff-Smith A, Dimitriou D. A cross-syndrome study of
the differential effects of sleep on declarative memory consolidation in children with
neurodevelopmental disorders. Dev Sci. 2017;20(2):12383.

44. Edgin JO, Mason GM, Allman MJ, et al. Development and validation of the
Arizona Cognitive Test Battery for Down syndrome. J Neurodev Disord. 2010;2(3):
149-164.

45. Capone GT, Aidikoff JM, Taylor K, Rykiel N. Adolescents and young adults with
Down syndrome presenting to a medical clinic with depression: co-morbid
obstructive sleep apnea. Am J Med Genet A. 2013;161(9):2188-2196.

46. Kelmanson I. Sleep disturbances, behavioural problems and adaptive skills
in children with Down syndrome. Early Child Dev Care. 2017;187(11):
1679-1693.

47. Lukowski AF, Milojevich HM. Sleep problems and temperament in young
children with Down syndrome and typically developing controls. J Intellect Disabil
Res. 2017,61(3):221-232.

48. Ashworth A, Hill CM, Karmiloff-Smith A, Dimitriou D. The importance of sleep:
attentional problems in school-aged children with Down syndrome and Williams
syndrome. Behav Sleep Med. 2015;13(6):455-471.

49. Esbensen AJ, Hoffman EK, Beebe DW, Byars KC, Epstein J. Links between
sleep and daytime behaviour problems in children with Down syndrome. J Intellect
Disabil Res. 2018;62(2):115-125.

50. Cotton S, Richdale AL. Sleep patterns and behaviour in typically developing
children and children with autism, Down syndrome, Prader-Willi syndrome and
intellectual disability. Res Autism Spectr Disord 2010;4(3):490-500.

51. Churchill SS, Kieckhefer GM, Bjornson KF, Herting JR. Relationship between
sleep disturbance and functional outcomes in daily life habits of children with Down
syndrome. Sleep. 2015;38(1):61-71.

52. Maris M, Verhulst S, Woiciechowski M, Van de Heyning P, Boudewyns A.
Outcome of adentonsillectomy in children with Down syndrome and obstructive
sleep apnoea. Arch Dis Child. 2017;102:331-336.

53. Waters KA, Castro C, Chawla J. The spectrum of obstructive sleep apnea in
infants and children with Down syndrome. Int J Pediatr Otorhinolaryngol 2020;129:
109763.

54. Manickam PV, Shott SR, Boss EF, et al. Systematic review of site of
obstruction identification and non-CPAP treatment options for children with
persistent pediatric obstructive sleep apnea. Laryngoscope. 2016;
126(2):491-500.

SUBMISSION & CORRESPONDENCE INFORMATION

Submitted for publication January 29, 2020

Submitted in final revised form May 29, 2020

Accepted for publication May 29, 2020

Address correspondence to: Dr. Jasneek K. Chawla, Queensland Children’s
Hospital, Level 5a Paediatric Respiratory & Sleep Medicine, Brishane,
Queensland, Australia 4101; Tel: (07) 3068 2300; Fax: (07) 3068 2309;

Email: jasneek.chawla@health.qld.gov.au

DISCLOSURE STATEMENT

This manuscript was reviewed and approved by all authors. Dr. Jasneek Chawla was
responsible for preparing the manuscript draft and Associate Professor Helen
Heussler and Dr. Scott Burgess were responsible for editing and review of the final
manuscript. This study was funded by a Research Entry Scholarship from the Royal
Australasian College of Physicians (provided by Sleep Health Foundation and
Resmed) to Dr. Jasneek Chawla for her PhD relating to this work. The authors report
no conflicts of interest.

October 15, 2020


mailto:jasneek.chawla@health.qld.gov.au

	The impact of sleep problems on functional and cognitive outcomes in children with Down syndrome: a review of the literature
	Outline placeholder
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Study selection
	Sleep and cognition in DS
	Sleep and behavior in DS
	Sleep and functional ability in DS



