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Sleep is a major concern, especially in people with Down Syndrome (DS). Beyond 

Obstructive Sleep Apnea, a number of other sleep difficulties have been reported 

in children with DS, such as delayed sleep onset, night-time awakenings, and 

early morning awakenings. The detrimental effect of sleep difficulties seems 

to contribute to and exacerbate the cognitive and behavioral outcomes of DS. 

Although the screening for sleep disorders is recommended early in age in DS, 

only a few studies have evaluated the sleep profile in preschool-age children 

with DS. The aim of the current study was to assess the association between 

sleep disturbances and behavioral problems in a group of preschool-age 

children with DS, by means of a feasible and easy-to-administer parent-report 

questionnaires. Seventy-one preschool-age children with DS, ranging in age 

from 3 to 5.11 years, were included in this retrospective study. Sleep disturbances 

were evaluated by means of the Sleep Disturbance Scale for Children, while 

emotional and behavioral problems by means of the Child Behavior Checklist. 

Sleep breathing disorders were the most frequent sleep difficulties reported by 

parents. Moreover, children with clinical scores in total sleep problems exhibited 

elevation of psychopathological symptoms, namely Total problems, Affective 

problems, Anxiety problems, Pervasive Developmental Problems, and Attention 

Deficit/Hyperactivity Problems. The identification of the broader connection 

between sleep difficulties and emotional and behavioral problems in preschool-

age children with DS leads to important considerations for intervention.
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Introduction

Sleep is an active, dynamic neurophysiological function that is ubiquitous across 
species. Sleep plays a crucial role in neurocognitive and behavioral development, cellular 
and tissue renewal, as well as in the maintenance of optimal cardiovascular and 
metabolic functions (Graven and Browne, 2008; Mukherjee et al., 2015). Therefore, it is 
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essential for optimal health and overall quality of life throughout 
the entire lifespan. Sleep architecture, duration, and quality 
evolve over a lifetime, especially in the first 5 years of life. For 
instance, sleep duration fluctuates broadly from infancy to 
adolescence, with ranges that gradually decrease with age, 
passing from sleep duration requirements of 12–16 h/day at 
4–12 months of age to 8–10 h/day at 13–18 years of age (Paruthi 
et al., 2016; Carter and Wrede, 2017).

The incidence of parent-reported sleep disturbances in 
preschool age has been estimated at 10–25% (Goodlin-Jones 
et  al., 2008; Van Litsenburg et  al., 2010; Byars et  al., 2012; 
Murthy et al., 2015). Common sleep problems in preschool-age 
include difficulties falling asleep and night wakings (Ophoff 
et  al., 2018), primary insomnia (Steinsbekk et  al., 2013), 
primary nocturnal enuresis (Wen et  al., 2006), frequent 
nightmares (Simard et al., 2008), primary hypersomnia, and 
sleepwalking disorder (Steinsbekk et al., 2013). Moreover, some 
forms of sleep difficulties, such as night waking, are more 
frequent in preschoolers than in school-age children (Petit 
et  al., 2007; Ravikiran et  al., 2011). Preschool children are 
especially prone to the effects of inadequate sleep and poor 
sleep quality. The lack of adequate sleep in infancy and 
childhood has been associated with academic and language 
difficulties and behavior problems, such as hyperactivity, 
inattention, impulsivity, anxiety, and depression (Gregory et al., 
2005; Touchette et al., 2007; Astill et al., 2012; Armstrong et al., 
2014; Shanahan et al., 2014). A number of longitudinal studies 
identified sleep duration and night waking in preschool age as 
important predictors of inattentiveness and hyperactive 
symptoms in childhood (Reynaud et al., 2018, 2021; Huhdanpää 
et al., 2019; Lewien et al., 2021).

These detrimental effects seem to contribute to and 
exacerbate the outcomes of neurodevelopmental disorders, in 
which the prevalence of sleep disorders is higher than typically 
developing population (TD), with an estimate reported to be as 
high as 80% (Cotton and Richdale, 2006; Heussler and 
Hiscock, 2018).

Sleep is a major concern, especially in people with Down 
Syndrome (DS). The importance of sleep in children with DS has 
been highlighted by the American Academy of Pediatrics, as the 
Committee on Genetics published the Health Supervision for 
Children with DS. These guidelines recommend that all children 
with DS undergo an overnight diagnostic polysomnography 
between ages 3 and 4 years (Bull et al., 2022). Children with DS 
exhibit high rates of Obstructive Sleep Apnea (OSA; 69–76% of 
estimated prevalence); the prevalence of moderate-to-severe OSA 
is higher in younger age (Lee et al., 2018). Beyond OSA, a number 
of other sleep difficulties have been reported in children with DS, 
such as delayed sleep onset, night-time awakenings, and early 
morning awakenings, affecting 52–69% of children with DS 
(Carter et al., 2009; Rosen et al., 2011; Churchill et al., 2015). Sleep 
problems in children with DS have been associated with a range 
of behavioral problems, mainly externalizing symptoms (Anand 
et al., 2021; Fucà et al., 2021).

However, most of the studies exploring sleep difficulties in 
the DS population most often focused on school-age children 
(Chawla et al., 2020) or employed cross-sectional approaches 
including both preschool- and school-age children. Few studies 
specifically focused on sleep problems in preschool-age 
children with DS. Among these, Heubi et al. (2021) showed 
that 30% of children with DS (years 3–5) have ≥2 metrics of 
poor sleep architecture as measured by polysomnography. 
Preschoolers with DS show increased sleep breathing disorders 
(SBD), as well as longer total and daytime sleep duration than 
TD (Joyce and Dimitriou, 2017). Increasing severity of OSA 
has been linked to more behavioral abnormalities, including 
both internalizing and externalizing symptoms (Anand et al., 
2021). Conversely, Joyce and Dimitriou (2017) did not report 
associations between sleep characteristics and behavior in 
preschool-age children with DS. In addition, studies focusing 
on cognitive correlates of sleep difficulties in preschool-age 
reported inconsistent results. For instance, contrasting findings 
emerge with respect to the association between sleep difficulties 
and language abilities, with some authors reporting associations 
between sleep quality and oral language production in 
preschool children with DS (Edgin et al., 2015), whereas other 
studies failed to detect this association (Joyce and 
Dimitriou, 2017).

Since early development is predictive of later developmental 
outcomes, and considering the important role of sleep function 
in neurocognitive and behavioral development, exploring the 
behavioral correlates of sleep difficulties in preschool-age 
children with DS is essential to provide important indications 
for prompt, proper interventions. The aim of the current study 
was to assess the association between sleep disturbances and 
behavioral problems by means of a feasible and easy-to-
administer parent-report questionnaire, in a group of 
preschool-age children with DS. We hypothesized that: (i) SBD 
would be  the most frequent sleep difficulty reported from 
parents in our sample and (ii) children with DS with sleep 
difficulties would have more behavioral problems, in particular, 
more externalizing problems, than children without 
sleep difficulties.

Materials and methods

Sample size estimation and participant 
recruitment

The sample size was calculated by a priori analysis in G* 
Power, version 3.1.9.7 (The G*Power Team, Düsseldorf, Germany). 
We calculated the expected effect size (f) to low and estimated it 
at 0.35. With an estimated f = 0.35, α value = 0.05 (i.e., probability 
of false positives of 5%), and β = 0.80 (i.e., at least 80% power), the 
sample size that was required for ANOVA with two groups was 68. 
Seventy-one preschool-age children with DS ranging in age from 
3 to 5.11 years of age (mean 4.33 ± 0.81 years; 44 males and 27 
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females) were included in the study. Selection criteria included, 
besides the diagnosis of DS based on the analysis of the karyotype, 
the age ranging between 3 and 5 years. Exclusion criteria were as 
follows: the ascertained presence or the clinical suspect of 
neurological conditions, such as West syndrome and epilepsy, 
language barrier hampering questionnaire compilation 
by caregivers.

Procedure

This is a retrospective, cross-sectional study. Data were 
collected from a file review of preschool-aged children with DS 
referred for a clinical evaluation at the Pediatric Unit and/or the 
Child and Adolescent Neuropsychiatry Unit of a pediatric 
Hospital between June and November 2021. Preschool children 
with DS underwent a pediatric and/or a neuropsychological 
evaluation; as part of the clinic visit, caregivers typically complete 
parent-report measures to investigate the presence of sleep 
difficulties and psychopathological questionnaires regarding their 
child. The study was conducted according to the guidelines of the 
Declaration of Helsinki. All data were de-identified and patients’ 
confidentiality was protected.

Measures

Sleep disturbances were assessed by means of Sleep 
Disturbance Scale for Children (SDSC; Bruni et  al., 1996), a 
questionnaire that has demonstrated through validation an 
adequate level of internal consistency, test–retest re-liability, and 
availability of normative data. The SDSC explores the presence of 
sleep disorders during the previous 6 months and contains 26 
items with Likert scale values of 1–5. It is considered 
“pathological” a T-score > 70 and “suspect/borderline” a T-score 
between 61 and 70. Due to a different prevalence of sleep 
disturbances in younger children, for the age range considered in 
the current study (3–6 years old), it has been proposed a different 
factorial structure from the original SDSC (Romeo et al., 2013). 
The most common areas of sleep disturbance in preschoolers 
were divided into six factors: difficulty in initiating and 
maintaining sleep (DIMS), sleep-disordered breathing (SDB), 
parasomnias (PAR), disorders of excessive somnolence (DOES), 
non-restorative sleep (NRS), and sleep hyperhidrosis (SHY; 
Romeo et al., 2013).

Emotional and behavioral problems were evaluated by means 
of the Child Behavior Checklist (CBCL, Achenbach and Rescorla, 
2000). We used the CBCL for ages 1.5–5 years, which consists of 
100 problem items. There are seven syndrome scales: Emotionally 
Reactive, Anxious/Depressed, Somatic Complaints, Withdrawn, 
Sleep Problems, Attention Problems, and Aggressive Behavior. 
The summary profile contains the Internalizing, Externalizing, 
and Total Problems scales. Finally, there are five DSM-oriented 
scale profiles, consistent with the diagnostic categories of 
DSM-IV-TR and DSM-5 (Affective problems, Anxiety problems, 
Pervasive Developmental Problems — PDP, Attention Deficit/
Hyperactivity Problems  — ADHD, and Oppositional Defiant 
Problems). For the current study, we considered the summary 
profile and the DSM-oriented scale profiles.

Data analysis

Descriptive statistics were used to analyze the demographic 
characteristics of the whole sample. Correlation analyses were 
used to investigate possible association between sleep problems 
and socio-demographic variables (i.e., age and sex). ANOVA was 
computed on CBCL scores to investigate differences according to 
the presence/absence of sleep problems. Unequal correction was 
used as post-hoc test. Statistical tests were used with a significance 
level of p < 0.05.

Results

Distribution of sleep disturbances and 
emotional and behavioral problems

The distribution of sleep disturbances in our sample, 
assessed by the SDSC questionnaire, is summarized in Table 1. 
SBD was the most frequent sleep problem, with 15.4% of clinical 
scores registered, followed by DIMS (12.7% clinical scores), and 
PAR (9.9% clinical scores). The 7.1% of total scores at SDSC 
were in the clinical range, the 18.3% in the borderline range, 
whereas the 74.6% of participants registered scores in the 
non-clinical range.

The distribution of emotional and behavioral problems in our 
sample, assessed by the CBCL questionnaire, is summarized in 
Table 2. The 14.1% of the total sample exhibited scores in the 
clinical range for internalizing problems, whereas only the 2.8% 

TABLE 1 Distribution of sleep disturbances in preschool-aged children with DS.

DIMS SBD NRS PAR DOES SHY TOT

Non-clinical scores (%) 77.4 76.1 15.4 81.6 95.8 90.1 74.6

Borderline score (%) 9.9 8.5 8.5 8.5 2.8 8.5 18.3

Clinical score (%) 12.7 15.4 7 9.9 1.4 1.4 7.1

Percentage of non-clinical scores, borderline scores, and clinical scores are reported. DIMS, disorders in initiating and maintaining sleep; SBD, sleep breathing disorders; NRS, non-
restorative sleep; PAR, parasomnias; DOES, disorders of excessive somnolence; SHY, sleep hyperhidrosis.
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displayed pathological scores in the Externalizing problems scale. 
Finally, the 12.7% of our sample exhibited scores in the clinical 
range for the Total Problems subscale.

Emotional and behavioral problems: 
differences between children with and 
without sleep problems

With the aim to explore the presence of possible association 
between socio-demographic variables (i.e., age and sex) and sleep 
problems, we  performed correlation analyses (Pearson and 
Spearman correlation, respectively) that failed to detect a 
significant association between the Total Sleep Scale of SDSC and 
age (r = −0.054, p = 0.652) nor sex (r = −0.186, p = 0.120).

In order to explore differences in emotional and behavioral 
profiles between children with and without sleep problems, 
we first distinguished among children who displayed SDSC Total 
scores in the clinical/borderline range (N = 19) and children who 
exhibited SDSC Total scores in the normal range (N = 52). Then, 
a repeated-measure ANOVA analysis on CBCL, with Sleep Group 
(Sleep problems/No sleep problems) as between factor and CBCL 
summary profile scores as within factor, was performed, showing 
a significant interaction F (2,138) = 3.855, p = 0.023, h2P  = 0.05. 
Post-hoc analyses (Unequal N HSD) revealed that children 
belonging to the Sleep problems group exhibited significantly 
higher scores in the scale of the Total problems than  
children belonging to the No sleep problems group (60.21 ± 7.84 
and 49.42 ± 7.66, respectively; p < 0.001). Conversely, no 
differences between groups emerged in the Internalizing and 
Externalizing scales.

Moreover, the ANOVA analysis on CBCL, with Sleep Group 
(Sleep problems/No sleep problems) as between factor and 
CBCL DSM-IV scales scores as within factor, was performed, 
showing a significant interaction F (4,276) = 4.54, p = 0.001, h2P  
= 0.06 (Figure 1). Post-hoc analyses (Unequal N HSD) revealed 
that children belonging to the Sleep problems group exhibited 
significantly higher scores than children without sleep  
problems in the scale of the Affective problems (59.52 ± 7 and 
52.94 ± 3.8, respectively; p = 0.005), in the Anxiety problems 
scale (58.16 ± 8.8 and 51.30 ± 2.57, respectively; p = 0.003), in the 
PDP scale (66.32 ± 7.46 and 52.1 ± 7.03, respectively; p < 0.001), 
and in the ADHD scale (58.63 ± 6.88 and 52.86 ± 3.91, 
respectively; p = 0.03), but not in the Oppositional Defiant 
Problems scale.

Discussion

In the current study, we  retrospectively explored the 
prevalence of sleep difficulties in a sample of preschool-age 
children with DS, as measured through a parent-report 
questionnaire. Consistent with our expectations, SBD was the 
most frequent sleep difficulty reported by parents, followed by T

A
B

LE
 2

 D
is

tr
ib

u
ti

o
n

 o
f 

em
o

ti
o

n
al

 a
n

d
 b

eh
av

io
ra

l p
ro

b
le

m
s 

in
 p

re
sc

h
o

o
l-

ag
ed

 c
h

ild
re

n
 w

it
h

 D
S 

(C
B

C
L 

su
m

m
ar

y 
p

ro
fi

le
 s

co
re

s 
an

d
 C

B
C

L 
D

SM
-o

ri
en

te
d

 s
ca

le
 s

co
re

s)
.

In
te

rn
al

iz
in

g 
pr

ob
le

m
s

Ex
te

rn
al

iz
in

g 
pr

ob
le

m
s

To
ta

l p
ro

bl
em

s
A

ffe
ct

.
A

nx
.

PD
P

A
D

H
D

O
D

D

N
on

-c
lin

ic
al

 sc
or

es
 (%

)
74

.6
83

.1
77

.4
93

93
67

.6
94

.4
97

.2

Bo
rd

er
lin

e 
sc

or
e 

(%
)

11
.3

14
.1

9.
9

1.
4

1.
5

18
.3

4.
2

1.
4

C
lin

ic
al

 sc
or

e 
(%

)
14

.1
2.

8
12

.7
5.

6
5.

5
14

.1
1.

4
1.

4

Pe
rc

en
ta

ge
 o

f n
on

-c
lin

ic
al

 sc
or

es
, b

or
de

rli
ne

 sc
or

es
, a

nd
 cl

in
ic

al
 sc

or
es

 a
re

 re
po

rt
ed

. A
ffe

ct
, A

ffe
ct

iv
e 

pr
ob

le
m

s; 
A

nx
, A

nx
ie

ty
 p

ro
bl

em
s; 

PD
P,

 P
er

va
siv

e 
de

ve
lo

pm
en

ta
l p

ro
bl

em
s; 

A
D

H
D

, a
tte

nt
io

n 
de

fic
it/

hy
pe

ra
ct

iv
ity

 p
ro

bl
em

s; 
O

D
D

, o
pp

os
iti

on
al

 d
efi

an
t 

pr
ob

le
m

s.

https://doi.org/10.3389/fpsyg.2022.943516
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Fucà et al. 10.3389/fpsyg.2022.943516

Frontiers in Psychology 05 frontiersin.org

DIMS. We have also investigated the presence of differences in 
behavioral problems between children with sleep difficulties and 
children without sleep difficulties. Children with sleep difficulties 
exhibited significantly higher scores on the Total problems, 
Affective problems, Anxiety problems, and PDP and ADHD 
scales of CBCL than children without sleep difficulties.

In spite of the crucial role of sleep in pediatric age, especially 
for population with DS, very few studies specifically investigated 
the distribution of sleep difficulties and their behavioral correlates 
in preschool-age children with DS. On the other hand, the studies 
that investigated sleep problems in preschoolers with DS included 
wide age ranges (Levanon et al., 1999; Carter et al., 2009; Nisbet 
et al., 2014; Bassell et al., 2015; Anand et al., 2021; Chawla et al., 
2021; Fucà et  al., 2021; Kose et  al., 2021). Moreover, studies 
focusing on preschoolers with DS were conducted on small 
sample sizes (Edgin et  al., 2015; Joyce and Dimitriou, 2017; 
D’Souza et al., 2020; Lukowski et al., 2020; Arias-Trejo et al., 2021).

To overcome these issues, the current study investigated sleep 
difficulties in a relatively large group of preschool-age children with 
DS, focusing on a restricted age range (i.e., 3–5.11 years of age). In 
our sample, the prevalence of sleep disturbances, as measured via 
SDSC, was lower than that previously reported in studies using 
parent-report instruments (Yau et  al., 2019; Arias-Trejo et  al., 
2021), although the distribution of sleep disturbances we reported 
mirrors the literature findings that indicate a higher prevalence of 
SBD in the DS population. Importantly, the prevalence of sleep 
disturbances reported in the present study is markedly lower than 

in those reported in studies that have used objective measures, such 
as actigraphy or polysomnography, to investigate the presence of 
sleep problems in preschool-age children with DS. For instance, 
Edgin and colleagues found that 66% of toddlers with DS included 
in their study exhibited poor sleep as measured through actigraphy 
(Edgin et al., 2015); another study found that about 22% of children 
with DS aged 3 to 5 years have ≥3 metrics of poor sleep architecture 
as measured by polysomnography (Heubi et al., 2021). Differences 
in the rate of sleep problems could be due to different reasons, 
including the different nature of the sample. For instance, Yau et al. 
(2019) investigated the prevalence of sleep patterns and ecology in 
104 children with DS aged 6–36 months, whereas other studies 
included larger age ranges and did not analyze data from 
preschoolers separately (e.g., Carter et al., 2009; Rosen et al., 2011; 
Fucà et al., 2021). Differences between studies in the prevalence 
rates of sleep problems could be  also due to methodological 
variances, related to the instruments used for the investigation of 
sleep difficulties in preschoolers with DS. Yau et al. (2019) used the 
Brief Infant Sleep Questionnaire, whereas Edgin et  al. (2015) 
investigated the presence of sleep difficulties in a group of 29 
toddlers with DS by means of an objective measure, i.e., the 
actigraphy. Similarly, Arias-Trejo et al. (2021) used actigraphy to 
measure sleep behavior in a group of 36 preschool children with 
DS. Altogether, these methodological differences could explain, at 
least in part, the different rates of sleep problems observed in the 
current study. Of note, the inconsistency between parent-reported 
sleep difficulties and objective measures highlights the importance 

FIGURE 1

Differences between No Sleep Problems and Sleep Problems groups in CBCL DSM-IV scales scores. *p < 0.05.
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of proper psychoeducation for caregivers of children with DS, for 
instance by the provision of written or verbal information or advice 
focused on the awareness of sleep hygiene and difficulties. In this 
sense, psychoeducation should aim to improve caregivers’ 
understanding of pediatric sleep and prompt identification of 
potential sleep problems.

The other main finding of the current work was the difference 
between children with sleep difficulties and children without sleep 
difficulties in parent-reported behavioral and emotional problems. 
In particular, it emerged that children with sleep problems, as 
detected by parents, had significantly higher scores in the Total 
problems, Affective problems, Anxiety problems, and PDP and 
ADHD scales of the CBCL. Despite the relatively low prevalence 
of behavioral problems observed in our sample, this finding 
suggests that sleep problems in preschoolers with DS should 
be considered important correlates of behavioral difficulties for 
this population. Therefore, the detection of sleep difficulties 
should be considered a “red flag” for possible associated behavioral 
problems in preschoolers with DS. On the other hand, the 
presence of behavioral problems should prompt caregivers to pay 
attention to signs that might suggest the presence of sleep 
difficulties in their children, e.g., signs of excessive sleepiness 
during sleep. Given the documented longitudinal effects of sleep 
disturbance on behavioral problems in children (Gregory et al., 
2009; Quach et al., 2009; Astill et al., 2012; El-Sheikh et al., 2013; 
Armstrong et al., 2014), including children with DS (Horne et al., 
2019), the possibility to rely on indicators that allow a prompt 
recognition should not be  underestimated. Moreover, sleep 
problems also affect daily life abilities and cognitive functions such 
as attention and language also in children with DS (Horne et al., 
2019; Arias-Trejo et al., 2021). Therefore, the proper identification 
and management of sleep difficulties in preschool-age children 
with DS could have important consequences on developmental 
outcomes. The association between poor sleep and behavioral 
problems has been reported in both TD population and in 
children with neurodevelopmental disorders. Literature focusing 
on preschoolers suggests that sleep difficulties are associated with 
internalizing symptoms in TD children (Lee et al., 2018) and with 
externalizing symptoms in children with developmental 
disabilities (Lee et al., 2018; Kang et al., 2020). Studies on the 
neural bases underlying the possible association between sleep 
difficulties and behavioral problems in preschoolers are limited. 
Research on adults reported that the association between sleep 
quality and the depressive problems was mediated by functional 
connectivity involving the lateral orbitofrontal cortex, anterior 
cingulate cortices, hippocampus, and precuneus (Cheng et al., 
2018). In adolescence, poor sleep may contribute to depressive 
affect by disrupting functioning of the dorsal medial prefrontal 
cortex (Casement et al., 2016). As concerns school-age children, 
Cheng et al. (2021) reported that depressive problems mediate 
considerably the effect of low brain area or volume (mostly, the 
lateral orbitofrontal cortex) on low sleep duration. Future studies 
are required to explore the mechanisms by which adequate sleep 
may support behavioral functioning in preschool-age children.

Of note, the most remarkable difference between children 
with sleep disturbances and children without sleep disturbances 
emerged for the PDP scale. The PDP scale was constructed 
based on expert judgment regarding correspondence with 
Diagnostic and Statistical Manual of Mental Disorders - 4th 
edition (American Psychiatric Association, 1994) criteria and it 
includes items such as “Avoids looking others in the eye,” 
“Disturbed by any change in routine,” “Repeatedly rocks head 
or body,” and “Withdrawn, does not get involved with others” 
(Achenbach and Rescorla, 2000). Several studies suggest that 
the PDP scale of the Child Behavior Checklist for ages 1½–5 
years differentiates well between children diagnosed with 
autism spectrum disorder and those not diagnosed (Rescorla 
et al., 2015, 2019; Havdahl et al., 2016), also in Italian samples 
(Muratori et  al., 2011). Since the co-occurrence of sleep 
difficulties in children with autism spectrum disorder has been 
well-described (Souders et al., 2017; Cortese et al., 2020; Chen 
et al., 2021), it is possible that this co-occurrence also exists in 
children with DS and autistic symptoms. Therefore, the prompt 
identification of sleep problems should be also considered in 
light of possible neurodevelopmental comorbidities 
documented in DS, such as autism spectrum disorder (Kirchner 
and Walton, 2021).

The main limitation of the present study is that the presence 
of sleep disturbances, detected by a parent-report instrument, 
was not corroborated by objective measures such as actigraphy 
or polysomnography. Parent-report questionnaires mainly rely 
on subjective parental observations; therefore, rater bias cannot 
be ruled out: for instance, parent-report measures of sleep may 
underestimate certain measures of child sleep problems. 
However, previous research suggested that parent-reported 
sleep problems, but not objective sleep measures, are related to 
behavioral problems in children with DS (Esbensen et  al., 
2018). Therefore, the integration of multiple sources of 
information is highly recommended when studying sleep 
problems in developmental age, recognizing the specific 
information each source can provide in order to reach a more 
comprehensive understanding of the phenomenon (Esbensen 
et al., 2018). We cannot exclude that shared method variance 
could have overestimated the observed associations. Another 
limitation of the study is the descriptive nature of the research, 
which did not examine potential mechanisms underlying sleep 
problems nor possible causal associations linking sleep 
difficulties and behavioral problems in our sample. Finally, the 
lack of a control group is another limitation of the current 
study. Future research on the prevalence and behavioral 
correlates of sleep disturbances in preschoolers with DS should 
include comparisons with the TD population and other 
neurodevelopmental disorders.

Nevertheless, the current study has significant clinical 
implications. Indeed, the identification of the broader connection 
between sleep difficulties and emotional and behavioral problems 
leads to an important consideration for intervention planning 
and targets for preschool-age children with DS. Although the 
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current study cannot establish causal links between sleep and 
behavior, it is possible to hypothesize that treating sleep problems 
in preschool-age children with DS may lead to ameliorations in 
behavioral difficulties. In sum, the results of the current study 
further highlight the significance of adequate sleep habits and 
early screening and intervention for sleep problems in children 
with DS. Future research aiming to understand the  
whole complexity of the link between sleep and behavioral 
problems in preschool-age children with DS is required in order 
to develop appropriate intervention strategies and enhance 
developmental outcomes.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Children Hospital Bambino Gesù. Written informed 
consent to participate in this study was provided by the 
participants’ legal guardian/next of kin.

Author contributions

EF, FC, DV, and SV: conceptualization and writing—reviewing 
and editing. EF and LU: methodology. EF and FC: formal analysis 
and writing—original draft preparation. EF, LC, and VS: 
investigation. LU and SM: data curation. AV and SV: supervision 
and project administration. All authors contributed to the article 
and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
Achenbach, T. M., and Rescorla, L. A. (2000). Manual for the ASEBA Preschool 

Forms & Profiles. Burlington: University of Vermont, Research Center for Children, 
Youth, and Families.

American Psychiatric Association (1994). Diagnostic and Statistical Manual of 
Mental Disorder (DSM-IV). 4th Edn. Washington DC: American Psychiatric  
Association.

Anand, V., Shukla, G., Gupta, N., Gupta, A., Sapra, S., Gulati, S., et al. (2021). 
Association of Sleep Apnea With Development and Behavior in Down syndrome: 
A prospective clinical and Polysomnographic study. Pediatr. Neurol. 116, 7–13. doi: 
10.1016/j.pediatrneurol.2020.10.007

Arias-Trejo, N., Angulo-Chavira, A. Q., Demara, B., Figueroa, C., and 
Edgin, J. (2021). The influence of sleep on language production modalities in 
preschool children with Down syndrome. J. Sleep Res. 30:e13120. doi: 10.1111/
jsr.13120

Armstrong, J. M., Ruttle, P. L., Klein, M. H., Essex, M. J., and Benca, R. M. (2014). 
Associations of child insomnia, sleep movement, and their persistence With mental 
health symptoms in childhood and adolescence. Sleep 37, 901–909. doi: 10.5665/
sleep.3656

Astill, R. G., Van der Heijden, K. B., Van IJzendoorn, M. H., and Van 
Someren, E. J. W. (2012). Sleep, cognition, and behavioral problems in school-age 
children: A century of research meta-analyzed. Psychol. Bull. 138, 1109–1138. doi: 
10.1037/a0028204

Bassell, J. L., Phan, H., Leu, R., Kronk, R., and Visootsak, J. (2015). Sleep profiles 
in children with down syndrome. Am. J. Med. Genet. 167, 1830–1835. doi: 10.1002/
ajmg.a.37096

Bruni, O., Ottaviano, S., Guidetti, V., Romoli, M., Innocenzi, M., Cortesi, F., et al. 
(1996). The sleep disturbance scale for children (SDSC) construct ion and validation 
of an instrument to evaluate sleep disturbances in childhood and adolescence. J. 
Sleep Res. 5, 251–261. doi: 10.1111/j.1365-2869.1996.00251.x

Bull, M. J., Trotter, T., Santoro, S. L., Christensen, C., and Grout, R. W.THE 
COUNCIL ON GENETICS (2022). Health supervision for children and adolescents 
With Down syndrome. Pediatrics 149:e2022057010. doi: 10.1542/peds.2022-057010

Byars, K. C., Yolton, K., Rausch, J., Lanphear, B., and Beebe, D. W. (2012). 
Prevalence, patterns, and persistence of sleep problems in the first 3 years of life. 
Pediatrics 129, e276–e284. doi: 10.1542/peds.2011-0372

Carter, M., McCaughey, E., Annaz, D., and Hill, C. M. (2009). Sleep problems in 
a Down syndrome population. Arch. Dis. Child. 94, 308–310. doi: 10.1136/
adc.2008.146845

Carter, J. C., and Wrede, J. E. (2017). Overview of sleep and sleep disorders in 
infancy and childhood. Pediatr. Ann. 46, e133–e138. doi: 10.3928/19382359- 
20170316-02

Casement, M. D., Keenan, K. E., Hipwell, A. E., Guyer, A. E., and Forbes, E. E. 
(2016). Neural reward processing mediates the relationship between insomnia 
symptoms and depression in adolescence. Sleep 39, 439–447. doi: 10.5665/sleep.5460

Chawla, J. K., Bernard, A., Heussler, H., and Burgess, S. (2021). Sleep, function, 
behaviour and cognition in a cohort of children with Down syndrome. Brain Sci. 
11:1317. doi: 10.3390/brainsci11101317

Chawla, J. K., Burgess, S., and Heussler, H. (2020). The impact of sleep problems 
on functional and cognitive outcomes in children with Down syndrome: a review 
of the literature. J. Clin. Sleep Med. 16, 1785–1795. doi: 10.5664/jcsm.8630

Chen, H., Yang, T., Chen, J., Chen, L., Dai, Y., Zhang, J., et al. (2021). Sleep 
problems in children with autism spectrum disorder: a multicenter survey. BMC 
Psychiatry 21:406. doi: 10.1186/s12888-021-03405-w

Cheng, W., Rolls, E., Gong, W., Du, J., Zhang, J., Zhang, X. Y., et al. (2021). Sleep 
duration, brain structure, and psychiatric and cognitive problems in children. Mol. 
Psychiatry 26, 3992–4003. doi: 10.1038/s41380-020-0663-2

Cheng, W., Rolls, E. T., Ruan, H., and Feng, J. (2018). Functional Connectivities 
in the brain That mediate the association Between depressive problems and sleep 
quality. JAMA Psychiat. 75, 1052–1061. doi: 10.1001/jamapsychiatry.2018.1941

Churchill, S. S., Kieckhefer, G. M., Bjornson, K. F., and Herting, J. R. (2015). 
Relationship between sleep disturbance and functional outcomes in daily life habits 
of children with Down syndrome. Sleep 38, 61–71. doi: 10.5665/sleep.4326

Cortese, S., Wang, F., Angriman, M., Masi, G., and Bruni, O. (2020). Sleep 
disorders in children and adolescents with autism Spectrum disorder: diagnosis, 
epidemiology, and management. CNS Drugs 34, 415–423. doi: 10.1007/
s40263-020-00710-y

Cotton, S., and Richdale, A. (2006). Brief report: Parental descriptions of sleep 
problems in children with autism, Down syndrome, and Prader–Willi syndrome. 
Res. Dev. Disabil. 27, 151–161. doi: 10.1016/j.ridd.2004.12.003

https://doi.org/10.3389/fpsyg.2022.943516
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.pediatrneurol.2020.10.007
https://doi.org/10.1111/jsr.13120
https://doi.org/10.1111/jsr.13120
https://doi.org/10.5665/sleep.3656
https://doi.org/10.5665/sleep.3656
https://doi.org/10.1037/a0028204
https://doi.org/10.1002/ajmg.a.37096
https://doi.org/10.1002/ajmg.a.37096
https://doi.org/10.1111/j.1365-2869.1996.00251.x
https://doi.org/10.1542/peds.2022-057010
https://doi.org/10.1542/peds.2011-0372
https://doi.org/10.1136/adc.2008.146845
https://doi.org/10.1136/adc.2008.146845
https://doi.org/10.3928/19382359-20170316-02
https://doi.org/10.3928/19382359-20170316-02
https://doi.org/10.5665/sleep.5460
https://doi.org/10.3390/brainsci11101317
https://doi.org/10.5664/jcsm.8630
https://doi.org/10.1186/s12888-021-03405-w
https://doi.org/10.1038/s41380-020-0663-2
https://doi.org/10.1001/jamapsychiatry.2018.1941
https://doi.org/10.5665/sleep.4326
https://doi.org/10.1007/s40263-020-00710-y
https://doi.org/10.1007/s40263-020-00710-y
https://doi.org/10.1016/j.ridd.2004.12.003


Fucà et al. 10.3389/fpsyg.2022.943516

Frontiers in Psychology 08 frontiersin.org

D’Souza, D., D’Souza, H., Horváth, K., Plunkett, K., and Karmiloff-Smith, A. (2020). 
Sleep is atypical across neurodevelopmental disorders in infants and toddlers: A cross-
syndrome study. Res. Dev. Disabil. 97:103549. doi: 10.1016/j.ridd.2019.103549

Edgin, J. O., Tooley, U., Demara, B., Nyhuis, C., Anand, P., and Spanò, G. (2015). 
Sleep disturbance and expressive language development in preschool-age children 
With Down syndrome. Child Dev. 86, 1984–1998. doi: 10.1111/cdev.12443

El-Sheikh, M., Bub, K. L., Kelly, R. J., and Buckhalt, J. A. (2013). Children’s sleep 
and adjustment: A residualized change analysis. Dev. Psychol. 49, 1591–1601. doi: 
10.1037/a0030223

Esbensen, A. J., Hoffman, E. K., Beebe, D. W., Byars, K. C., and Epstein, J. (2018). 
Links between sleep and daytime behaviour problems in children with Down 
syndrome: sleep and behavioural outcomes in Down syndrome. J. Intellect. Disabil. 
Res. 62, 115–125. doi: 10.1111/jir.12463

Fucà, E., Costanzo, F., Celestini, L., Mandarino, A., and Vicari, S. (2021). 
Characterization of sleep disturbances in children and adolescents with Down 
syndrome and their relation with cognitive and behavioral features. IJERPH 18:5001. 
doi: 10.3390/ijerph18095001

Goodlin-Jones, B. L., Tang, K., Liu, J., and Anders, T. F. (2008). Sleep patterns in 
preschool-age children With autism, developmental delay, and typical development. J. 
Am. Acad. Child Adolesc. Psychiatry 47, 930–938. doi: 10.1097/CHI.0b013e3181799f7c

Graven, S. N., and Browne, J. V. (2008). Sleep and Brain Development. Newborn 
Infant Nurs. Rev. 8, 173–179. doi: 10.1053/j.nainr.2008.10.008

Gregory, A. M., Caspi, A., Eley, T. C., Moffitt, T. E., O’Connor, T. G., and 
Poulton, R. (2005). Prospective longitudinal associations Between persistent sleep 
problems in childhood and anxiety and depression disorders in adulthood. 
J. Abnorm. Child Psychol. 33, 157–163. doi: 10.1007/s10802-005-1824-0

Gregory, A. M., Rijsdijk, F. V., Lau, J. Y. F., Dahl, R. E., and Eley, T. C. (2009). The 
direction of longitudinal associations Between sleep problems and depression 
symptoms: A study of twins aged 8 and 10 years. Sleep 32, 189–199. doi: 10.1093/
sleep/32.2.189

Havdahl, K. A., Von Tetzchner, S., Huerta, M., Lord, C., and Bishop, S. L. (2016). 
Utility of the child behavior checklist as a screener for autism Spectrum disorder: 
utility of the CBCL in screening for ASD. Autism Res. 9, 33–42. doi: 10.1002/
aur.1515

Heubi, C. H., Knollman, P., Wiley, S., Shott, S. R., Smith, D. F., Ishman, S. L., et al. 
(2021). Sleep architecture in children With Down syndrome With and Without 
obstructive sleep apnea. Otolaryngol. Head Neck Surg. 164, 1108–1115. doi: 
10.1177/0194599820960454

Heussler, H. S., and Hiscock, H. (2018). Sleep in children with neurodevelopmental 
difficulties: neurodevelopmental difficulties. J. Paediatr. Child Health 54, 1142–1147. 
doi: 10.1111/jpc.14164

Horne, R. S. C., Wijayaratne, P., Nixon, G. M., and Walter, L. M. (2019). Sleep and 
sleep disordered breathing in children with down syndrome: effects on behaviour, 
neurocognition and the cardiovascular system. Sleep Med. Rev. 44, 1–11. doi: 
10.1016/j.smrv.2018.11.002

Huhdanpää, H., Morales-Muñoz, I., Aronen, E. T., Pölkki, P., Saarenpää-Heikkilä, O., 
Paunio, T., et al. (2019). Sleep difficulties in infancy are associated with symptoms of 
inattention and hyperactivity at the age of 5 years: A longitudinal study. J. Dev. Behav. 
Pediatr. 40, 432–440. doi: 10.1097/DBP.0000000000000684

Joyce, A., and Dimitriou, D. (2017). Sleep-disordered breathing and cognitive 
functioning in preschool children with and without Down syndrome: sleep and 
cognition in children with Down syndrome. J. Intellect. Disabil. Res. 61, 778–791. 
doi: 10.1111/jir.12387

Kang, Y. Q., Song, X. R., Wang, G. F., Su, Y. Y., Li, P. Y., and Zhang, X. (2020). Sleep 
problems influence emotional/behavioral symptoms and repetitive behavior in 
preschool-aged children With autism Spectrum disorder in the unique social 
context of China. Front. Psych. 11:273. doi: 10.3389/fpsyt.2020.00273

Kirchner, R. M., and Walton, K. M. (2021). Symptoms of autism Spectrum 
disorder in children With Down syndrome and Williams syndrome. Am. J. Intellect. 
Dev. Disabil. 126, 58–74. doi: 10.1352/1944-7558-126.1.58

Kose, C., Wood, I., Gwyther, A., Basnet, S., Gaskell, C., Gringras, P., et al. (2021). 
Sleep-related rhythmic movement disorder in young children with Down 
syndrome: prevalence and clinical features. Brain Sci. 11:1326. doi: 10.3390/
brainsci11101326

Lee, C.-F., Lee, C.-H., Hsueh, W.-Y., Lin, M.-T., and Kang, K.-T. (2018). Prevalence 
of obstructive sleep apnea in children With Down syndrome: A Meta-analysis. J. 
Clin. Sleep Med. 14, 867–875. doi: 10.5664/jcsm.7126

Levanon, A., Tarasiuk, A., and Tal, A. (1999). Sleep characteristics in children with 
Down syndrome. J. Pediatr. 134, 755–760. doi: 10.1016/S0022-3476(99)70293-3

Lewien, C., Genuneit, J., Meigen, C., Kiess, W., and Poulain, T. (2021). Sleep-
related difficulties in healthy children and adolescents. BMC Pediatr. 21:82. doi: 
10.1186/s12887-021-02529-y

Lukowski, A. F., Slonecker, E. M., and Milojevich, H. M. (2020). Sleep problems 
and recall memory in children with Down syndrome and typically developing 
controls. Res. Dev. Disabil. 96:103512. doi: 10.1016/j.ridd.2019.103512

Mukherjee, S., Patel, S. R., Kales, S. N., Ayas, N. T., Strohl, K. P., Gozal, D., et al. 
(2015). An official American Thoracic Society statement: The importance of healthy 
sleep. Recommendations and future priorities. Am. J. Respir. Crit. Care Med. 191, 
1450–1458. doi: 10.1164/rccm.201504-0767ST

Muratori, F., Narzisi, A., Tancredi, R., Cosenza, A., Calugi, S., Saviozzi, I., et al. 
(2011). The CBCL 1.5–5 and the identification of preschoolers with autism in Italy. 
Epidemiol. Psychiatr. Sci. 20, 329–338. doi: 10.1017/S204579601100045X

Murthy, C. L. S., Bharti, B., Malhi, P., and Khadwal, A. (2015). Sleep habits and 
sleep problems in healthy preschoolers. Indian J. Pediatr. 82, 606–611. doi: 10.1007/
s12098-015-1728-0

Nisbet, L. C., Phillips, N. N., Hoban, T. F., and O’Brien, L. M. (2014). Effect of 
body position and sleep state on obstructive sleep apnea severity in children with 
Down syndrome. J. Clin. Sleep Med. 10, 81–88. doi: 10.5664/jcsm.3368

Ophoff, D., Slaats, M. A., Boudewyns, A., Glazemakers, I., Van Hoorenbeeck, K., 
and Verhulst, S. L. (2018). Sleep disorders during childhood: a practical review. Eur. 
J. Pediatr. 177, 641–648. doi: 10.1007/s00431-018-3116-z

Paruthi, S., Brooks, L. J., D’Ambrosio, C., Hall, W. A., Kotagal, S., Lloyd, R. M., 
et al. (2016). Recommended amount of sleep for pediatric populations: A consensus 
statement of the American Academy of sleep medicine. J. Clin. Sleep Med. 12, 
785–786. doi: 10.5664/jcsm.5866

Petit, D., Touchette, E., Tremblay, R. E., Boivin, M., and Montplaisir, J. (2007). 
Dyssomnias and parasomnias in early childhood. Pediatrics 119, e1016–e1025. doi: 
10.1542/peds.2006-2132

Quach, J., Hiscock, H., Canterford, L., and Wake, M. (2009). Outcomes of child 
sleep problems Over the school-transition period: Australian population 
longitudinal study. Pediatrics 123, 1287–1292. doi: 10.1542/peds.2008-1860

Ravikiran, S. R., Kumar, P. M., and Latha, K. S. (2011). Sleep problems in 
preschool and school aged rural Indian children. Indian Pediatr. 48, 221–223. doi: 
10.1007/s13312-011-0049-2

Rescorla, L. A., Given, C., Glynn, S., Ivanova, M. Y., and Achenbach, T. M. (2019). 
International comparisons of autism spectrum disorder behaviors in preschoolers 
rated by parents and caregivers/teachers. Autism 23, 2043–2054. doi: 
10.1177/1362361319839151

Rescorla, L., Kim, Y. A., and Oh, K. J. (2015). Screening for ASD with the Korean 
CBCL/1½–5. J. Autism Dev. Disord. 45, 4039–4050. doi: 10.1007/s10803-014-2255-y

Reynaud, E., Forhan, A., Heude, B., Charles, M.-A., and Plancoulaine, S. (2018). 
Association of night-waking and inattention/hyperactivity symptoms trajectories in 
preschool-aged children. Sci. Rep. 8:15412. doi: 10.1038/s41598-018-33811-2

Reynaud, E., Forhan, A., Heude, B., Charles, M.-A., and Plancoulaine, S. (2021). 
Night-sleep duration trajectories and behavior in preschoolers: results from a 
prospective birth cohort study. Behav. Sleep Med. 19, 445–457. doi: 
10.1080/15402002.2020.1773467

Romeo, D. M., Bruni, O., Brogna, C., Ferri, R., Galluccio, C., De Clemente, V., 
et al. (2013). Application of the sleep disturbance scale for children (SDSC) in 
preschool age. Eur. J. Paediatr. Neurol. 17, 374–382. doi: 10.1016/j.ejpn.2012.12.009

Rosen, D., Lombardo, A., Skotko, B., and Davidson, E. J. (2011). Parental 
perceptions of sleep disturbances and sleep-disordered breathing in children With 
Down syndrome. Clin. Pediatr. 50, 121–125. doi: 10.1177/0009922810384260

Shanahan, L., Copeland, W. E., Angold, A., Bondy, C. L., and Costello, E. J. (2014). 
Sleep problems predict and are predicted by generalized anxiety/depression and 
oppositional defiant disorder. J. Am. Acad. Child Adolesc. Psychiatry 53, 550–558. 
doi: 10.1016/j.jaac.2013.12.029

Simard, V., Nielsen, T. A., Tremblay, R. E., Boivin, M., and Montplaisir, J. Y. (2008). 
Longitudinal study of bad dreams in preschool-aged children: prevalence, demographic 
correlates, risk and protective factors. Sleep 31, 62–70. doi: 10.1093/sleep/31.1.62

Souders, M. C., Zavodny, S., Eriksen, W., Sinko, R., Connell, J., Kerns, C., et al. 
(2017). Sleep in children with autism Spectrum disorder. Curr. Psychiatry Rep. 19:34. 
doi: 10.1007/s11920-017-0782-x

Steinsbekk, S., Berg-Nielsen, T. S., and Wichstrøm, L. (2013). Sleep disorders in 
preschoolers: prevalence and comorbidity with psychiatric symptoms. J. Dev. Behav. 
Pediatr. 34, 633–641. doi: 10.1097/01.DBP.0000437636.33306.49

Touchette, É., Petit, D., Séguin, J. R., Boivin, M., Tremblay, R. E., and 
Montplaisir, J. Y. (2007). Associations Between sleep duration patterns and 
behavioral/cognitive functioning at school entry. Sleep 30, 1213–1219. doi: 10.1093/
sleep/30.9.1213

Van Litsenburg, R. R. L., Waumans, R. C., van den Berg, G., and Gemke, R. J. B. 
J. (2010). Sleep habits and sleep disturbances in Dutch children: a population-based 
study. Eur. J. Pediatr. 169, 1009–1015. doi: 10.1007/s00431-010-1169-8

Wen, J. G., Wang, Q. W., Chen, Y., Wen, J. J., and Liu, K. (2006). An epidemiological 
study of primary nocturnal enuresis in Chinese children and adolescents. Eur. Urol. 
49, 1107–1113. doi: 10.1016/j.eururo.2005.11.011

Yau, S., Pickering, R. M., Gringras, P., Elphick, H., Evans, H. J., Farquhar, M., et al. 
(2019). Sleep in infants and toddlers with Down syndrome compared to typically 
developing peers: looking beyond snoring. Sleep Med. 63, 88–97. doi: 10.1016/j.
sleep.2019.05.005

https://doi.org/10.3389/fpsyg.2022.943516
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.ridd.2019.103549
https://doi.org/10.1111/cdev.12443
https://doi.org/10.1037/a0030223
https://doi.org/10.1111/jir.12463
https://doi.org/10.3390/ijerph18095001
https://doi.org/10.1097/CHI.0b013e3181799f7c
https://doi.org/10.1053/j.nainr.2008.10.008
https://doi.org/10.1007/s10802-005-1824-0
https://doi.org/10.1093/sleep/32.2.189
https://doi.org/10.1093/sleep/32.2.189
https://doi.org/10.1002/aur.1515
https://doi.org/10.1002/aur.1515
https://doi.org/10.1177/0194599820960454
https://doi.org/10.1111/jpc.14164
https://doi.org/10.1016/j.smrv.2018.11.002
https://doi.org/10.1097/DBP.0000000000000684
https://doi.org/10.1111/jir.12387
https://doi.org/10.3389/fpsyt.2020.00273
https://doi.org/10.1352/1944-7558-126.1.58
https://doi.org/10.3390/brainsci11101326
https://doi.org/10.3390/brainsci11101326
https://doi.org/10.5664/jcsm.7126
https://doi.org/10.1016/S0022-3476(99)70293-3
https://doi.org/10.1186/s12887-021-02529-y
https://doi.org/10.1016/j.ridd.2019.103512
https://doi.org/10.1164/rccm.201504-0767ST
https://doi.org/10.1017/S204579601100045X
https://doi.org/10.1007/s12098-015-1728-0
https://doi.org/10.1007/s12098-015-1728-0
https://doi.org/10.5664/jcsm.3368
https://doi.org/10.1007/s00431-018-3116-z
https://doi.org/10.5664/jcsm.5866
https://doi.org/10.1542/peds.2006-2132
https://doi.org/10.1542/peds.2008-1860
https://doi.org/10.1007/s13312-011-0049-2
https://doi.org/10.1177/1362361319839151
https://doi.org/10.1007/s10803-014-2255-y
https://doi.org/10.1038/s41598-018-33811-2
https://doi.org/10.1080/15402002.2020.1773467
https://doi.org/10.1016/j.ejpn.2012.12.009
https://doi.org/10.1177/0009922810384260
https://doi.org/10.1016/j.jaac.2013.12.029
https://doi.org/10.1093/sleep/31.1.62
https://doi.org/10.1007/s11920-017-0782-x
https://doi.org/10.1097/01.DBP.0000437636.33306.49
https://doi.org/10.1093/sleep/30.9.1213
https://doi.org/10.1093/sleep/30.9.1213
https://doi.org/10.1007/s00431-010-1169-8
https://doi.org/10.1016/j.eururo.2005.11.011
https://doi.org/10.1016/j.sleep.2019.05.005
https://doi.org/10.1016/j.sleep.2019.05.005

	Sleep and behavioral problems in preschool-age children with Down syndrome
	Introduction
	Materials and methods
	Sample size estimation and participant recruitment
	Procedure
	Measures
	Data analysis

	Results
	Distribution of sleep disturbances and emotional and behavioral problems
	Emotional and behavioral problems: differences between children with and without sleep problems

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	 References

