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Abstract
Background  Sleep has been known to affect childhood development. Sleep disturbance is likely more common 
in children with developmental delay (DD) than in typical development. There are few studies on the correlation 
between sleep disturbance and developmental features in children with DD. Therefore, this study aimed to evaluate 
the associations between the two in children with DD.

Methods  A total of 45 children (age range 27.0 ± 11.1) with DD were recruited and evaluated using the Sleep 
Disturbance Scale for Children (SDSC) and Bayley Scales of Infant and Toddler Development (BSID-III). The outcomes 
are expressed as means and standard deviations. The correlation between SDSC and BSID-III was assessed using 
Spearman’s rank correlation test. Multiple regression analysis was performed to investigate the relationship between 
BSID-III domains and SDSC questionnaire subscales. Statistical significance was set at p < 0.05.

Results  Based on the correlation analysis and subsequent hierarchical regression analysis, cognition and socio-
emotional domains of BSID-III were significantly associated with the DOES subscale of the SDSC questionnaire. In 
addition, the expressive language domain of the BSID-III was found to be associated with the DA subscale of the SDSC 
questionnaire. It seems that excessive daytime sleepiness might negatively affect emotional and behavioral problems 
and cognitive function. Also, arousal disorders seem to be related to memory consolidation process, which is thought 
to affect language expression.

Conclusion  This study demonstrated that DA and DOES subscales of the SDSC questionnaire were correlated with 
developmental aspects in preschool-aged children with DD. Sleep problems in children with DD can negatively affect 
their development, thereby interfering with the effectiveness of rehabilitation. Identifying and properly managing the 
modifiable factors of sleep problems is also crucial as a part of comprehensive rehabilitation treatment. Therefore, we 
should pay more attention to sleep problems, even in preschool-aged children with DD.
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Introduction
Sleep disorders are common in infants and children. 
Approximately 20–30% of children worldwide, includ-
ing Korea suffer from sleep disorders [1–3]. The preva-
lence of sleep disorders is more common in children with 
developmental delay (DD) than those with typical devel-
opment, and its nature is known to be long-term and 
more complex [4, 5]. 

According to the International Classification of Sleep 
Disorders-3 (ICSD-3), seven categories are identified as a 
sleep disorder: insomnia disorders, sleep-related breath-
ing disorders, central disorders of hypersomnolence, 
circadian rhythm sleep–wake disorders, sleep-related 
movement disorders, parasomnias, and other sleep disor-
ders [6]. 

Among these, difficulties initiating or maintaining sleep 
and sleep-disordered breathing are the common types of 
sleep orders in children with DD [4]. 

Sleep disorders can have harmful effects on physical 
health, mood, cognitive impairment, and academic per-
formance [4, 7]. 

Sleep has been known to affect childhood development 
and learning because it facilitates infant generalization 
and enhances precise memory after 18–24 months of age 
[8]. 

Several studies have verified the association between 
sleep and motor development in infants and toddlers. 
S. Manacero and M. L. Nunes conducted a study on 
healthy preterm infants with low birth weight, showing 
that delayed development was correlated with sleep qual-
ity [9]. X Liang et al. showed the bidirectional relation-
ship between sleep problems and infant development in 
infants younger than six months old using longitudinal 
data [10]. In addition, Z Zhang et al. demonstrated sleep 
consolidation is correlated with cognitive impairment, 
and longer, persistent sleep duration could aid gross 
motor development in toddlers [11]. 

While these studies were conducted on children who 
are typically developing or with DD over time, to the 
best of the authors’ knowledge, studies regarding the 
correlation between sleep disturbance and developmen-
tal aspects in children with DD receiving rehabilitation 
treatment are still lacking. Thus, only children diag-
nosed with DD were enrolled, and sleep disturbance 
was hypothesized to be correlated with development in 
children with DD receiving one or more rehabilitation 
treatments.

Methods
Study design
This cross-sectional study was conducted in a single reha-
bilitation center between December 2021 and June 2022. 
The study protocol was approved by the Institutional 
Review Board and the Ethics Committee of Bundang 

Jesaeng General Hospital in accordance with the Declara-
tion of Helsinki (no. 2023-07-005). The written informed 
consent form was obtained from each child’s parents or 
guardians for the study participation, as all of the chil-
dren in this study were younger than 18 years of age.

Participants
Children diagnosed with DD who had participated in a 
rehabilitation program through admission or outpatient 
treatment were recruited. DD refers to slower-than-
expected progress in the attainment of developmental 
milestones that are typically achieved by a certain age.

Participants were recruited through paper-based 
advertisements in the Department of Rehabilitation 
Medicine of a general hospital and through direct con-
tact with potential participants who have previously 
expressed interest in participating in clinical research.

Among them, participants were included if they met 
the following inclusion criteria: (1) children ages between 
18 and 42 months, (2) children who underwent devel-
opmental evaluation within six months before and after 
assessing sleep disturbance assessment using the SDSC 
questionnaire, and (3) children whose legal guardian 
agreed to participate in this study. Children who were 
previously diagnosed with sleep-related symptoms or 
had a history of receiving medication were excluded.

Outcome variables
Assessment of sleep quality in children
The Sleep Disturbance Scale for Children (SDSC) ques-
tionnaire was used as a tool to assess sleep disturbances 
in toddlers. It was originally developed for school-aged 
children between the ages of 6 and 15 years and has 
proven to have good psychometric validity [12]. Recently, 
the validity of the SDSC questionnaire translated into 
other country languages was demonstrated in preschool-
aged children [13]. 

It consisted of 26 items divided into six subscales: dis-
orders of initiating and maintaining sleep (DIMS), sleep 
breathing disorders (SDB), disorders of arousal (DA), 
sleep-wake transition disorders, disorders of excessive 
somnolence (DOES), and sleep hyperhidrosis (SHY).

These items were rated by their parents on a 5-point 
Likert scale for children’s sleep patterns over the past six 
months.

To accurately convey the meaning of the English ques-
tionnaire to caregivers, we decided to translate it into 
Korean. One of the authors first translated the English 
version of the SDSC questionnaire into Korean. It was 
translated only in easy-to-understand Korean, and no 
further changes were made. Then, the Korean version of 
the SDSC was checked for ease of understanding by the 
caregivers and other physiatrists of our study.
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Assessment of the developmental status
Bayley scales of infant and toddler development (BSID-
III)  BSID is one of the extensive development assessment 
tools for diagnosing DDs in young children aged between 
1 and 42 months [14]. It comprises five domains: cogni-
tion, language (receptive and expressive), motor (gross 
motor and fine motor), socio-emotional scale, and adap-
tive behavior.

We used the Korean version of BSID-III, which was 
found to be suitable for application to Korean infants and 
toddlers after verification studies of reliability and valid-
ity in a preliminary study. When performing the test, 
cognitive, language, and motor domains are evaluated 
by the physical therapist. On the other hand, the social-
emotional domain is designed so that the primary care-
giver or parent answers questions on the questionnaire 
[15, 16]. 

Statistical analysis
All data were analyzed using SPSS statistics version 26.0 
(IBM, Chicago, IL, USA). The significance level was set to 
p < 0.05. The Shapiro–Wilk test was used to determine the 
normality of the data. Descriptive statistics with continu-
ous normal distribution are presented as mean ± standard 
deviation (SD).

Correlation coefficients between the SDSC question-
naires and other variables were calculated using Spear-
man’s rank correlation coefficient.

Multiple variables regression analysis was performed to 
control potential confounding factors and determine the 
independent contribution of subscales of SDSC question-
naires to outcome variables.

Results
Demographic characteristics of participants
This study included 45 children (27 boys and 18 girls). 
Their mean age was 27 months (SD = 11.1; range 10–48 
months). Among them, 11 participants were children 
diagnosed with cerebral palsy (CP), while the remaining 
participants were diagnosed with other developmental 
disorders (Table 1).

Children with non-cerebral palsy neurodevelopmen-
tal impairment include premature infants without brain 
lesions, genetic diseases including CHARGE syndrome, 
Prader willi syndrome, Down syndrome, and Shone’s 
syndrome. Also, children with general developmental 
delay but who were not included in the criteria for cere-
bral palsy were also included.

Relationship between the SDSC T scores and BSID-III
We found a statistically significant relationship between 
the disorders of arousal (DA) subscale of the SDSC 
questionnaire and the expressive language domains of 
the BSID-III with a Spearman coefficient of r = 0.309 
(p < 0.05).

Our study also revealed that the DOES subscale of the 
SDSC questionnaire was significantly related to cogni-
tion, receptive language, fine motor, and socio-emotional 
domains of the BSID-III. Spearman’s coefficient of r for 
each domain was as follows: − 0.343 (p < 0.05) for cog-
nition, − 0.33 (p < 0.05) for receptive language, − 0.324 
(p < 0.05) for fine motor, and –0.0456 (p < 0.01) for socio-
emotional domains of the BSID-III.

In addition, total scores of the SDSC questionnaire 
were significantly related to socio-emotional domains 
with a Spearman coefficient of r = − 0.436 (p < 0.01) 
(Table 2).

Association between the SDSC questionnaire subscales 
and BSID-III domains
Based on the results of correlation analysis using Pearson 
correlation coefficients,

hierarchical regression analysis was conducted in order 
of high correlation, and the resulting model is depicted in 
Table 3.

In multiple regression analysis, the DOES subscale 
of the SDSC questionnaire showed a significant nega-
tive correlation with cognition (β = − 0.309, p < 0.05) and 

Table 1  Baseline characteristics of the participants
Values

Total number 45
Gender (male/female) 27:18
Age (months) 27.0 ± 11.1
CP: non-CP NDI 11:34
SDSC*
  DIMS 61.7 ± 13.4
  SBD 54.9 ± 8.6
  DA 48.5 ± 4.6
  SWT 61.1 ± 11.2
  DOES 51.3 ± 12.0
  SHY 59.3 ± 14.9
  Total 61.6 ± 13.2
BSID-III†
  Cognition 6.1 ± 4.2
  Receptive language 6.2 ± 3.6
  Expressive language 5.2 ± 3.0
  Gross motor 4.0 ± 3.7
  Fine motor 5.7 ± 3.7
  Socio-emotional 6.6 ± 3.9
Values are presented as means ± standard deviations

CP: cerebral palsy; non-CP NDI: non-cerebral palsy neurodevelopmental 
impairment; DIMS, difficulty in initiating and maintaining sleep; SBD: sleep 
breathing disorder; DA: disorders of arousal; SWT: sleep-wake transition 
disorder; DOES: disorders of excessive somnolence; SHY: sleep hyperhidrosis; 
BSID-III: Bayley scales of infant and toddler development III

*scores based on the T score

†scores based on the scale ranging from 1 to 19
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socio-emotional domains of the BSID-III (β = –0.395, 
p < 0.01).

The DA subscale of the SDSC questionnaire was found 
to have a significant positive correlation with expressive 
language domains of the BSID-III (β = 0.421, p < 0.01).

On the other hand, the receptive language domain of 
BSID-III did not show statistically significant correlations 
with the DOES (β = -0.298, p = 0.56) and DA (β = 0.204, 
p = 0.194) subscale of the SDSC questionnaire. Similarly, 
the fine motor domain of BSID-III did not exhibit statisti-
cally significant correlations with the DOES (β = -0.305, 
p = 0.049, F = 2.733, p > 0.05), indicating non-significance. 
Additionally, there were no significant correlations 
observed between the gross motor domain of BSID-III 
and the DOES (β = -0.187, p = 0.255) and DA (β = -0.018, 
p = 0.913) subscale of the SDSC questionnaire (Table 3).

Discussion
In this study, in the SDSC questionnaires, DA and DOES 
subscales were significantly related to developmen-
tal aspects (cognition, fine motor, language, and social 
awareness) in children with DD.

However, tests for gross-motor function and functional 
abilities were not associated with SDSC questionnaires.

Several studies have evaluated the relationships 
between sleep problems and developmental aspects in 
typically developing infants and toddlers [9, 10]. 

Studies regarding sleep problems in children with 
developmental problems have also been reported [5, 17]. 
Additionally, some studies have assessed the relationship 
between sleep problems and their associated develop-
mental aspects [18–20]. However, these studies are gen-
erally limited to specific disease groups, such as autism 
spectrum disorder and cerebral palsy.

Our study verified sleep disorders in children with 
developmental delay and found a relationship with devel-
opmental delay, but on the contrary, there is research 
showing that sleep disorder affects brain development. 
Leong et al. suggested that sleep plays an important role 
in cognition; sleep and sleep-related cognitive processing 
may be influenced by brain development [21]. 

To the best of our knowledge, researches regarding 
these relationships in toddlers and preschoolers with 
DD, including various disease entities, have yet to be 
published. For preschool-aged children, their school life 
is the beginning of socialization and is vital for develop-
ment. Therefore, we aimed to evaluate the relationships 
between the two targeting children during this period. 
Moreover, we conducted the study using assessment 
tools commonly used in clinical practice for an extended 
period not designed for research so that parents’ under-
standing of the tool could be warranted, which is crucial 
in identifying children’s developmental status.

The study demonstrated a significant correlation 
between DA in the SDSC questionnaire and language 
expression in BSID-III, with DA appearing to impact lan-
guage expression in children with DD negatively.

Generally, sleep is considered to have an important 
role in language learning and communication skills [22]. 
It may be required for long-term retention after learning 
and improvement in the acquisition and integration of 
vocabulary in school-aged children [23]. 

The day-and-night sleep duration ratio was also cor-
related with language outcomes, suggesting that early 
mature sleep consolidation could be helpful in preventing 
language delays in developing children [24]. 

In addition, sleep cycles or stages are thought to influ-
ence language learning, such as vocabulary acquisition 
[25]. For example, in previous research regarding the 
relationship between sleep disturbance and language 
deficits in toddlers with DS, the authors suggested that 
a specific consolidation process during slow-wave sleep 
(SWS) might contribute to these correlations based on 
their findings that difficulties with expressive language 
such as vocabulary and syntax were observed in children 
with DS with poor sleep quality [23]. 

According to the International Classification of Sleep 
Disorders, third edition (ICSD-3), sleepwalking and night 
terrors are subtypes of NREM parasomnia and corre-
spond to the disorder of arousal.

The DA domain of the SDSC questionnaire contains 
not only NREM sleep parasomnias but also nightmares 
that mainly occur during REM sleep. A study demon-
strated that individuals experiencing nightmares exhibit 
poor sleep quality and altered sleep architectures, includ-
ing relatively shortened SWS and NREM duration [26]. 

Although the exact mechanism is not clearly under-
stood, it might be related to the language learning pro-
cess and recall, thereby affecting the language expression. 
Further research will be needed to establish a more pre-
cise understanding of this relationship.

Our study also demonstrated a notable correlation 
between DOES of the SDSD questionnaire and the 
socio-emotional and cognition domains of BSID-III, 
respectively.

This result suggests that excessive somnolence might 
be an important factor that negatively affects the devel-
opment of children.

Excessive somnolence, a type of hypersomnia, is a 
condition characterized by falling asleep during the day 
repeatedly and excessively. It can be caused by sleep 
deprivation, obstructive sleep apnea, sedating medica-
tions, and medical, psychiatric, or neurologic disorders 
[27]. 

Previous studies demonstrated that sleep problems in 
children associated with excessive daytime sleepiness 
(EDS) could cause various adverse effects, which include 
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emotional and behavioral problems, cognitive function 
impairments, academic performance, and health-related 
concerns such as injuries, drug abuse, endocrine func-
tion, which are in the similar context as the results of our 
study [28, 29]. 

A recent systemic review demonstrated that although 
few studies are included, the association between sleep 
problems and cognition and behavior was identified, and 
this could be observed early as a preschool-aged child 
[30]. 

Several studies have been reported regarding the rela-
tionship between EDS and social behavior in preschool 
children.

A recent cross-sectional study in Italy found that EDS 
was negatively correlated with prosocial behaviors and 
could affect teacher–student relationships in kinder-
garten children [31]. In addition, a national population 
study conducted with Australian preschool-aged chil-
dren indicated a connection between sleep problems and 
health-related quality of life (HRQoL), particularly in 
the psychosocial aspect. Notably, morning tiredness was 
associated with the poorest HRQoL [32]. 

However, Goodlin-Jones B et al. demonstrated some-
what different results, which indicates that in contrast to 
nighttime sleep problems, daytime sleepiness didn’t show 
a significant relationship with a decline in daytime per-
formance in preschool-aged children [33]. 

As objectively measuring DES is difficult, especially 
in preschool-aged children, and mostly relying on ques-
tionnaires or parental reports, this might lead to poten-
tial measurement error and could be the reason for the 
somewhat different study results.

However, based on past studies on the behavioral con-
sequences of sleep problems,

It is thought that sleep problems can cause exces-
sive stress, aggression, and problems with attention and 
concentration, which can lead to problems with social 
behavior, such as academic performance or adaptation to 
school life [7, 34]. 

Meanwhile, DD itself seems to precipitate sleep dis-
orders. More children with DD experience sleep distur-
bances than typically developing children [4]. 

The rates and nature of sleep difficulties are differ-
ent among the groups of children with DDs. However, 
regardless of the groups, their sleeping difficulties might 
be related to their behavioral difficulties [35]. 

Our study revealed that DA subscales of the SDSC 
questionnaires have a positive relationship with the 
expressive language of BSID-III. While sleep problems 
associated with arousal may appear to have a negative 
impact on language development, we hypothesize that 
children with better expressive language skills may com-
municate their sleep-related arousal issues more effec-
tively to their caregivers. This aspect may have been Ta
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reflected in the questionnaire responses. Studies with a 
large number of participants will be warranted to estab-
lish a precise causal relationship between these.

We believe that our study could have the following 
significance. From the perspective of caregivers, previ-
ous articles have shown that children’s age, weekly hours 
of rehabilitation therapy, and burden level of caregivers 
show a negative and positive correlation, respectively 
[36]. 

As the subjects of this study were preschool children 
receiving rehabilitation treatment, the burden level of 
their parents might be high. Also, many caregivers of 
children with DD could be exposed to sleep disturbance 
due to caregiving [37, 38]. 

By paying attention to sleep problems in children with 
DD and providing appropriate management, the burden 
levels and health problems, including the sleep quality of 
caregivers, can be alleviated.

This study has potential limitations.
First, as it is a cross-sectional study, the temporal rela-

tionship between sleep disorders and children’s devel-
opment cannot be determined, and thus, the long-term 
effects of variables cannot be assessed.

Second, factors such as medication were not controlled, 
so the possibility that such factors may have affected 
sleep and development, respectively, cannot be ruled out.

Third, the study was limited by a relatively small sample 
size and limited heterogeneity of DD causes. To general-
ize the relationship between development and sleep dis-
turbance, further studies with a larger number of patients 
with DD, including each cause of DD, are necessary.

Fourth, in preschool-aged children, objective sleep 
measurement is difficult; therefore, most studies primar-
ily rely on reports from or questionnaire answers of their 
caregivers or teachers. Thus, future research using objec-
tive methods to measure the quality and quantity of sleep 
in children will be needed.

Lastly, The Korean version of the SDSC questionnaire 
that we used has not been proven for validity and reli-
ability by previous studies. Though we tried to convey the 
meaning of the English questionnaire in Korean as much 
as possible, differences in meaning could occur.

A validation study of the Korean version of the ques-
tionnaire will be necessary in future research.

Conclusion
This study demonstrated a correlation between sleep dis-
turbance and development in infants and toddlers with 
DD. Among the sleep domains, DA and DOES are cor-
related with developmental aspects in preschool-aged 
children diagnosed with DD, with the former being sig-
nificantly associated with the expression domains of the 
BSID-III while the latter demonstrating a correlation 
with cognitive and socio-emotional scales.

Considering the effects of sleep on a child’s develop-
ment, timely intervention to minimize sleep disturbance 
is necessary and considered to be helpful for the develop-
ment of children with DD.
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