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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 prevalent in children with Down syndrome. Sleepmay be one of the few treatable factors that can assist in
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 comparedwith thosewithoutDSand
to have a high prevalence of sleep problems.1 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.2,3 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.4 The prevalence of
OSA in children with DS is estimated to be between 31% and
79%,5-9 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
of 2.4.10

Comorbidities found in children with DS can be associated
with significantly disrupted sleep.11 In a recent large-cohort
study, 78% of children with DS with pulmonary hypertension

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.12

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 limbmovements.1,13-16 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.17-19 Studies
evaluating IQ (intelligence quotient) have universally shown
that decline occurs over time and that cognitive development in
children with DS proceeds at a slower rate.20 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.21 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 domainsmay be less
or more effective.20

Children with DS do show increased behavior problems
compared with children without developmental disabilities.22

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, decreasedmotor activity) in
adolescents and adults.19,23-25 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.26 Behavioral difficulties
are often exacerbated by intellectual disability and frustration
developing from communication issues.

There is now significant evidence regarding thenegative impact
of sleep deprivation27 and sleep-disordered breathing28-33 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.34 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
DSand coexisting sleepproblems.This area has not beenwidely
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. 35

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,” “IQ,”

“IntellectualAbility”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 notwritten
in English; (2) studies published outside of 1 January 1990 to 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 376were
excluded as being irrelevant to the study question after reviewof
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 childrenwithDSbut 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 articleswere 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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been mixed, with some studies strongly suggesting an associ-
ation and others not.36-43 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 publishedwithin the last decade, with 50% of them in

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 al38 and Edgin
et al,39which found contrasting resultswith sleep disruption and
executive function in the 2 age groups; Breslin et al concluded

Figure 1—Flow chart of the study screening and selection process.

Adapted from the PRISMA 2009 flow diagram. PRISMA = Preferred Reporting Items for Systematic Review and Meta-Analyses.
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that school-age childrenwithDS andOSAhad 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
OSAbut 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 agewithDS, furtherwork is required to
developmore reliablemeasures of cognitive function, particularly
in theyounger agegroup,and ideally studies should include theuse
ofmultiple sleepmeasures to understand the exact sleep condition
for the children included. This is particularly important in this
subgroupof children inwhomrespiratoryandnonrespiratory 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.44

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 al38 verbal IQwas 9 points
lower inchildrenwithDSandcoexistingOSAcomparedwith 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.44

Edgin et al39 found that only 31.6% of preschool children in
their DS poor-sleepers groupwere combiningwords, 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

findings cannot be overlooked when drawing conclusions re-
garding the potential impact of sleep problems on certain as-
pects of cognitive function in childrenwithDS. It also 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 DS37,38,40,45-50 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.37,38,40

The largest study, by Kelmanson,46 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 assessmentwas undertakenwith parental Child SleepHabits
Questionnaire completion, the study findings are perhaps
strengthened using teacher rather than parent reports of behavior.

Esbensen et al49 also suggest a positive relationship between
sleep and poor behavior. Interestingly, in this study, parent reports
of restless sleepbehaviors on theChildSleepHabitsQuestionnaire
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 objectivemeasure of sleep efficiency
and demonstrates poor correlation in these 2 measures in this
population.This could beexplainedbymultiple reasons, including
potential difficultieswith actigraphy in this groupof children, but it
highlights that utility ofmultiple sleepmeasuresmay, in the future,
help us improve our understanding of the complex relationship
between poor sleep and behavioral problems.

Breslin et al included 2measures of attention in their study of
38 school-age childrenwithDS and did notfind poorer attention
in those with OSA on PSG compared with those without.38 This
studyusedboth a self-reported parent-ratedmeasure of attention
as well as an independent examiner-rated score of participant
attention. Childrenwith andwithoutOSAwerematched 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 requiredwith the use of a
standard battery of assessments that evaluate different aspects
of behavior.

Journal of Clinical Sleep Medicine, Vol. 16, No. 10 October 15, 20201790

JK Chawla, S Burgess, and H Heussler Sleep and outcomes in children with DS
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

49
.1

45
.2

34
.1

86
 o

n 
M

ar
ch

 2
0,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Ta
bl
e
2—

St
ud
ie
s
ev
al
ua
tin
g
sl
ee
p
an
d
be
ha
vi
or
al
m
ea
su
re
s
in
ch
ild
re
n
w
ith

D
S.

Fi
rs
tA

ut
ho

r
Ye
ar

n
C
oh

or
t
an
d
M
ea
n
A
ge
,y

Sl
ee
p
A
ss
es
sm

en
t

B
eh
av
io
r/A

tte
nt
io
n
Te
st
s

Fi
nd

in
gs

C
om

m
en
ts

C
ot
to
n5

0
20
10

D
S
=
12
,P

W
S
=
12
,a
ut
is
m
=

34
,u
nk
no
w
n
ID

=
24
,T
D
=
33

D
S
gr
ou
p,
8.
7

Sl
ee
p
di
ar
y
ov
er

14
da
ys

D
ay
tim

e
be
ha
vi
or

ra
te
d
on

a
vi
su
al
an
al
og

sc
al
e

(e
xc
ita
bi
lit
y,
en
er
gy

le
ve
ls
,

an
d
ge
ne
ra
lb
eh
av
io
r)

Si
gn
ifi
ca
nt
co
rre

la
tio
n

be
tw
ee
n
sl
ee
p
an
d

da
y
be
ha
vi
or

M
ai
n
ai
m
w
as

to
ex
am

in
e

24
-h
ou
r
sl
ee
p
pa
tte
rn
s
in

al
lg
ro
up
s

Sm
al
lg
ro
up

on
ly
an
d
no
ta

va
lid
at
ed

be
ha
vi
or

sc
al
e

C
ap
on
e4

5
20
13

D
S
+
de
pr
es
si
on

=
28
,D

S
co
nt
ro
ls
=
9

Ad
ol
es
ce
nt
s
an
d
yo
un
g

ad
ul
ts
w
ith

D
S
+
de
pr
es
si
on
,

21
.0
;c
on
tro
ls
,1
9.
8

PS
G
de
fi
ne
d:
D
S
+

de
pr
es
si
on
:O

SA
=
24
,n
o

O
SA

=
4;
co
nt
ro
ls
:O

SA
=
4,

no
O
SA

=
5

R
SC

D
D

H
ig
h
pr
ev
al
en
ce

of
O
SA

in
ad
ol
es
ce
nt
s
an
d
yo
un
g
ad
ul
ts

w
ith

D
S
an
d
de
pr
es
si
on

Li
m
ite
d
by

sm
al
ln
um

be
rs

an
d
un
ab
le
to
co
m
m
en
to
n

an
y
sp
ec
ifi
c
re
la
tio
ns
hi
p

be
tw
ee
n
O
SA

an
d
pr
es
en
ce

of
de
pr
es
si
on

in
D
S

AB
C
C
ar
eg
iv
er
Q
ue
st
io
nn
ai
re

Br
es
lin

38
20
14

31
Sc
ho
ol
ag
e,
9.
7

PS
G
de
fi
ne
d:
O
SA

=
19
,n
o

O
SA

=
12

C
on
no
rs
-3

AD
H
D
In
de
x

Sc
al
es

of
In
de
pe
nd
en
t

Be
ha
vi
or
–R

ev
is
ed

N
o
di
ffe
re
nc
e
in
pa
re
nt
-

re
po
rte
d
AD

H
D
sc
or
es

or
ex
pe
rim

en
te
r-r
ep
or
te
d

ra
tin
gs

of
at
te
nt
io
n
be
tw
ee
n

th
os
e
w
ith

an
d
w
ith
ou
tO

SA

—

As
hw

or
th

48
20
15

D
S
=
22
,W

S
=
22
,T

D
=
41

Sc
ho
ol
ag
e,
9.
42

Ac
tig
ra
ph
y

C
on
tin
uo
us

Pe
rfo
rm
an
ce

At
te
nt
io
n
Ta
sk

Pe
rfo
rm
an
ce

w
as

no
tr
el
at
ed

to
sl
ee
p
pa
ra
m
et
er
s
in
th
e
D
S

or
W
S
gr
ou
ps

N
ov
el
C
on
tin
uo
us

Pe
rfo
rm
an
ce

At
te
nt
io
n

Ta
sk
—
de
si
gn
ed

fo
rs
tu
dy

M
as
im
o
pu
ls
e
ox
im
et
ry

In
TD

ch
ild
re
n
be
tte
r
sl
ee
p

qu
al
ity

an
d
hi
gh
er
,l
es
s

va
ria
bl
e
Sp

O
2
ha
d
im
pr
ov
ed

pe
rfo
rm
an
ce

co
m
pa
re
d
w
ith

th
os
e
w
ith

po
or
er

sl
ee
p

qu
al
ity

an
d
Sp

O
2

O
xi
m
et
ry
lo
w
se
ns
iti
vi
ty
fo
r

di
ag
no
si
s
of
O
SA

Br
oo
ks

37
20
15

25
Sc
ho
ol
ag
e,
10
.2

PS
G
de
fi
ne
d:
O
SA

=
10
,n
o

O
SA

=
15

C
BC

L–
Pa

re
nt
&
Te
ac
he
r

N
o
di
ffe
re
nc
e
be
tw
ee
n

ch
ild
re
n
w
ho

di
d
an
d
di
d
no
t

ha
ve

O
S
A

Im
pr
ov
em

en
ti
n
at
te
nt
io
n

se
en

fo
llo
w
in
g
su
cc
es
sf
ul

tre
at
m
en
to
fO

SA

C
on
ne
rs
H
yp
er
ac
tiv
ity

In
de
x–
Pa

re
nt
&
Te
ac
he
r

Vi
ne
la
nd

Ad
ap
tiv
e

Be
ha
vi
or

Sc
al
es

Ke
lm
an
so
n4

6
20
17

TD
=
34
,D

S
=
34

Sc
ho
ol
ag
e,
9-
15

C
SH

Q

Te
ac
he
r
Ac
he
nb
ac
k
C
hi
ld

Be
ha
vi
or

C
he
ck
lis
t

In
cr
ea
se
d
AD

H
D
sc
or
e
w
ith

in
cr
ea
se
d
sl
ee
p

di
st
ur
ba
nc
e
sc
or
e

Se
lf-
re
po
rte
d
m
ea
su
re

of
sl
ee
p
di
so
rd
er
s
on
ly

D
ia
gn
os
tic

Ad
ap
tiv
e

Be
ha
vi
or

Sc
al
e

H
ig
he
rs
le
ep

di
st
ur
ba
nc
e

sc
or
es

pr
ed
ic
to
rs
of
po
or
er

ad
ap
tiv
e
sk
ills

Jo
yc
e4

0
20
17

TD
=
22
,D

S
=
22

Pr
es
ch
oo
l:
TD

=
3.
25
,

D
S
=
3.
05

SD
B
m
ea
su
re
d
by

PS
G

St
re
ng
th
s
&
D
iffi
cu
lti
es

Q
ue
st
io
nn
ai
re

SD
B
in
TD

ch
ild
re
n

as
so
ci
at
ed

w
ith

po
or
er

be
ha
vi
or
al
fu
nc
tio
ni
ng

bu
t

sa
m
e
no
tf
ou
nd

in
D
S
gr
ou
p

O
nl
y
m
ild

SD
B
in
bo
th

gr
ou
ps

(c
on
tin
ue
d
on

fo
llo
w
in
g
pa
ge
)

Journal of Clinical Sleep Medicine, Vol. 16, No. 10 October 15, 20201791

JK Chawla, S Burgess, and H Heussler Sleep and outcomes in children with DS
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

49
.1

45
.2

34
.1

86
 o

n 
M

ar
ch

 2
0,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Ta
bl
e
2—

St
ud
ie
s
ev
al
ua
tin
g
sl
ee
p
an
d
be
ha
vi
or
al
m
ea
su
re
s
in
ch
ild
re
n
w
ith

D
S.

(c
on
tin
ue
d)

Fi
rs
tA

ut
ho

r
Ye
ar

n
C
oh

or
t
an
d
M
ea
n
A
ge
,y

Sl
ee
p
A
ss
es
sm

en
t

B
eh
av
io
r/A

tte
nt
io
n
Te
st
s

Fi
nd

in
gs

C
om

m
en
ts

Lu
ko
w
sk
i47

20
17

TD
=
20
,D

S
=
19

TD
=
20

m
on
th
s,
D
S
=

33
m
on
th
s

Ab
br
ev
ia
te
d
ve
rs
io
n
of
C
SH

Q
Sh

or
tF

or
m
of
Ea

rly
C
hi
ld
ho
od

Be
ha
vi
or

Q
ue
st
io
nn
ai
re

C
hi
ld
re
n
w
ith

D
S
an
d
sl
ee
p

pr
ob
le
m
s
ha
ve

re
du
ce
d

ef
fo
rtf
ul
co
nt
ro
la
nd

in
hi
bi
to
ry

co
nt
ro
lc
om

pa
re
d
w
ith

TD
ch
ild
re
n

—

Es
be
ns
en

41
20
18

30
Sc
ho
ol
ag
e,
11
.6
8

Sl
ee
p
di
st
ur
ba
nc
es

as
se
ss
ed

by
ac
tig
ra
ph
y
an
d

pa
re
nt
-r
ep
or
te
d

qu
es
tio
nn
ai
re

(C
SH

Q
)

N
is
on
ge
r
C
hi
ld
Be

ha
vi
or

R
at
in
g
Sc
or
e–
Pa

re
nt
&

Te
ac
he
r,
Va
nd
er
bi
lt
AD

H
D

R
at
in
g
Sc
al
es
–P
ar
en
t

&
Te
ac
he
r

Pa
re
nt
-r
ep
or
te
d
po
or

sl
ee
p

qu
al
ity

bu
tn
ot
ac
tig
ra
ph
-

m
ea
su
re
d
ac
tiv
ity

du
rin
g

sl
ee
p
w
as

pr
ed
ic
tiv
e
of

in
cr
ea
se
d
co
nd
uc
tp
ro
bl
em

s,
in
se
cu
re

an
d
an
xi
ou
s

be
ha
vi
or
s,
an
d
da
yt
im
e

hy
pe
ra
ct
iv
ity
/im

pu
ls
iv
ity

N
o
ob
je
ct
iv
e
m
ea
su
re

of
O
SA

sp
ec
ifi
ca
lly
;t
es
ts
us
ed

co
ns
id
er
ed

ap
pr
op
ria
te
fo
r

ch
ild
re
n
w
ith

in
te
lle
ct
ua
la
nd

de
ve
lo
pm

en
ta
ld
is
ab
ilit
ie
s

Pa
re
nt
an
d
ac
tig
ra
ph
-

m
ea
su
re
d
sh
or
te
ne
d
sl
ee
p

w
as

pr
ed
ic
tiv
e
of

da
yt
im
e
in
at
te
nt
io
n

Ac
tig
ra
ph
-m
ea
su
re
d
sl
ee
p

pe
rio
d
pr
ed
ic
tiv
e
of

hy
pe
ra
ct
iv
ity
/im

pu
ls
iv
ity

as
re
po
rte
d
by

bo
th
pa
re
nt
s

AB
C
=
Ab

er
ra
nt
Be

ha
vi
or
C
he
ck
lis
t;
AD

H
D
=
at
te
nt
io
n-
de
fi
ci
t/h
yp
er
ac
tiv
ity
di
so
rd
er
;C
BC

L
=
C
hi
ld
Be

ha
vi
or
C
he
ck
lis
t;
C
SH

Q
=
C
hi
ld
Sl
ee
p
H
ab
its
Q
ue
st
io
nn
ai
re
;D
S
=
D
ow

n
sy
nd
ro
m
e;
ID
=
in
te
lle
ct
ua
ld
is
ab
ilit
y;

O
SA

=
ob
st
ru
ct
iv
e
sl
ee
p
ap
ne
a;
PS

G
=
po
ly
so
m
no
gr
ap
hy
;P
W
S
=
Pr
ad
er
-W

illi
sy
nd
ro
m
e;
R
SC

D
D
=
R
ei
ss

Sc
al
e
fo
rC

hi
ld
re
n’
s
D
ua
lD
ia
gn
os
is
;S
D
B
=
sl
ee
p-
di
so
rd
er
ed

br
ea
th
in
g;
Sp

O
2
=
ox
yg
en

sa
tu
ra
tio
n;
TD

=
ty
pi
ca
lly

de
ve
lo
pi
ng
;W

S
=
W
ill
ia
m
s
sy
nd
ro
m
e.

Journal of Clinical Sleep Medicine, Vol. 16, No. 10 October 15, 20201792

JK Chawla, S Burgess, and H Heussler Sleep and outcomes in children with DS
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

49
.1

45
.2

34
.1

86
 o

n 
M

ar
ch

 2
0,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Two studies evaluated children with DS alongside children
with other syndromes and TD children48,50; Cotton and
Richdale50 examined sleep and behavior patterns in children
with autism, PraderWilli 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 al48 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 (SpO2) 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 Milojevich47 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 Dimitriou40 are the only other group to have
specifically studied preschool children, with some unexpected
findings. To examine behavior, this study used theStrengths 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,37 who did not find a difference in behavior
between school-age children with DS with and without OSA but

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.45 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. Themain criticism of this study is that the control
groupconsistedofamuchsmallernumberofparticipants,withonly
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 toadolescents.Therefore, theresults shouldbe
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, butwith
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 themost
important outcome measures to families only 1 study has fo-
cused on this in children with DS, particularly relating the
impact of sleepon these poor outcomes.Table 3 summarizes the
1 study undertaken in this area.51 Churchill et al51 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

Table 3—Studies evaluating sleep and functional ability in children with DS.

First
Author Year n Cohort and Mean

Age, y
Sleep

Disturbance
Assessment of

Functional Ability Findings Comments

Churchill51 2015 DS = 110,
TD = 29

DS = 11.05,
TD = 12.52 CSHQ Life-Habit Questionnaire

(Life-H)

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

sleep measure0.06–0.12-point decrease in the
accomplishment score for every
point increase in the total
CSHQ score

CSHQ = Child Sleep Habits Questionnaire; DS = Down syndrome; TD = typically developing.
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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 outcomemeasures utilized,whichmay
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
definedwith objectivemeasures 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 changewith 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
moreuseful, comparing thosewithandwithout sleepproblemsand
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. ForOSA,
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.52 Continuous positive air-
way pressure therapy is often attempted for the management of
persisting OSA and is sustained in approximately 60% in the
home.53 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.54 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 designwill 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

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 andmay help us
advocate for priority treatment for this population.

ABBREVIATIONS

DS, Down syndrome
OSA, obstructive sleep apnea
PSG, polysomnography
TD, typically developing
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