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Abstract
Background Sleep disturbances can lead to many health 
problems in school-aged children, including hyper- 
tension and obesity. However, a lack of consensus about the  
etiology of these conditions is due to conflicting reports on 
the possible effects of sleep disturbances.
Objective To assess for possible associations between sleep 
disturbances and blood pressure as well as body mass index 
in school-aged children.
Methods This cross-sectional study involved primary school 
children in the 4th-5th grades. Subjects’ blood pressure, 
body weight, and body height were measured and their par-
ents completed the Sleep Disturbances Scale for Children 
(SDSC) questionnaire.
Results Of the 816 children enrolled, 503 (61.6%)  
children had sleep disturbances. The most common type 
of sleep disturbance was initiating and maintaining sleep. 
Bivariate analysis revealed a significantly increased risk of 
hypertension among subjects with sleep disturbances (PR 
15.06; 95%CI 8.13 to 27.90) and increased risk of obesity 
(PR 22.65; 95%CI 12.28 to 41.78).
Conclusion The most common type of sleep disturbance 
is initiating and maintaining sleep. Sleep disturbances 
are significantly associated with hypertension and 
obesity in children. [Paediatr Indones. 2020;60:303-9 ;  
DOI: 10.14238/pi60.6.2020.303-9 ].
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Sleep is a state of reduced response and 
interaction with the environment that is 
reversible and progresses rapidly.1 In children, 
the quantity and duration of sleep vary 

according to age. Older children tend to need less 
sleep.2 Sleep disturbances are disrupted sleep patterns, 
in terms of quality and quantity, or behavioral 
disorders and physiological conditions during sleep.3 
According to the World Health Organization (WHO) 
in 2011, the prevalence of sleep disturbances in 
American children was 5-10%, most commonly 
in ages 2-15 years.4  In Indonesia, the prevalence 
reached 42.2% in elementary school children aged 
9-12 years.5 Complications of sleep disturbances in 
school-aged children include difficulty concentrating, 
drowsiness in the morning, and decreased academic 
achievement.6
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Blood pressure in children is partially determined 
by gender, age, and height.7 A previous study reported 
that poor sleep quality was associated with the 
incidence of pre-hypertension in healthy adolescents, 
so they concluded that sleep disturbances were 
a risk factor for hypertension.8 Complications of 
hypertension in children and adolescents include 
increased risk of left ventricular hypertrophy (LVH), 
hypertensive retinopathy, and proteinuria.9

Short sleep duration is a risk factor for weight 
gain and obesity.10 A meta-analysis consisting of 17 
cross-sectional studies showed an increase in the 
incidence of obesity (BMI > 30 kg/m2) in children 
with less than adequate sleep duration (<5 hours 
per night) compared to those with adequate sleep 
duration.11 In addition, the high prevalence of 
overweight and obesity in adolescents and children 
(17% in the United States) has forced the issue into 
a public health priority.12 

A receiver operating characteristic (ROC) curve, 
showed the SDSC to be a good diagnostic instrument, 
with cut-off score of 39 having 89% sensitivity and 
74% specificity.13 The SDSC questionnaire has been 
used to assess sleep disturbances in children ranging 
from 3-18 years.14 A study in China validated the 
SDSC in a study of 3,525 children aged 5-16 years and 
obtained a Cronbach's alpha of 0.81, which indicated 
that SDSC was a reliable diagnostic instrument when 
used in a population.15 As such, we aimed to assess 
sleep disturbances in 4th-5th grade children and analyze 
for possible associations with blood pressure and BMI. 

Methods

This cross-sectional study had a target population 
of 4th and 5th grade elementary school children in 
Yogyakarta, Central Java. We used cluster sampling 
to collect subjects from 4 of 167 elementary schools 
in Yogyakarta, from May 1 to May 15, 2017. After 
dividing the city into four sections, one school 
from each section was randomly chosen. Inclusion 
criteria were children aged 8-12 years in grades 
4-5 of elementary school in Yogyakarta, and whose 
parents agreed to participate in the study. Exclusion 
criteria were children who took steroids, had kidney 
disease, or had special needs. A total of 816 subjects 
were enrolled from the following elementary schools: 

Serayu (168 subjects), Sukonandi (377 subjects), 
Suronatan (157 subjects), and Suryodiningratan (114 
subjects).

Data were obtained from Sleep Disturbances Scale 
for Children (SDSC) questionnaires filled by parents 
as well as direct examination of subjects’ body weight, 
height, and blood pressure. The SDSC questionnaires 
was filled by parents, which consisted of 26 questions 
with number scale method (scale 1 to 5): scale 1 means 
never, scale 2 means seldom (< 2 times/month), scale 
3 means sometimes (1-2 times/week), scale 4 means 
often (3-5 times/week), and scale 5 means always 
(everyday).

To differentiate the types of sleep disturbances, 
we look further into particular questions in SDSC 
questionnaires, in which the total point was higher/
predominant. The particular questions were: number 
1, 2, 3, 4, 5, 10, and 11 for initiating and maintaining 
sleep disorder; number 13, 14, and 15 for sleep 
breathing disorder; number 17, 20, and 21 for arousal 
disorder; number 6, 7, 8, 12, 18, and 19 for sleep-wake 
transition disorder; number 22, 23, 24, 25, and 26 for 
excessive somnolence disorder; and number 9 and 16 
for sleep hyperhidrosis.13,15

We measured blood pressure using calibrated 
digital sphygmomanometers. Blood pressure 
measurements were performed 3 times after the 
subjects had rested 5-10 minutes, and average systolic 
and diastolic blood pressures were calculated. Subjects 
were classified as normotensive for systolic and 
diastolic blood pressures in the 5th-90th percentile, pre-
hypertensive for 90th-95th percentile, or hypertensive 
for above 95th percentile.16 Body weights were 
measured 3 times using calibrated scales, and 
averages calculated. Body heights were measured 3 
times using calibrated microtoise stature meters, and 
averages calculated. Subjects’ BMIs were calculated 
by dividing body weight (kg)/ body height (m)2. These 
measurements were done in the schools by trained 
health workers. BMI-for-age percentile growth chart 
by the Center for Disease Control (CDC) classified as: 
underweight (less than the 5th percentile), normal or 
healthy weight (5th percentile to less than the 85th 

percentile), overweight (85th to less than the 95th 

percentile), obese (equal to or greater than the 95th 

percentile).17

Data were analyzed using SPSS version 22 for 
Windows. Statistical tests to compare data included 
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Chi-square test and T-test (parametric) or Mann 
Whitney U-test (non-parametric), depending on 
the normality of data distribution. This study was 
approved by The Ethics Committee in Department 
of Child Health, Faculty of Medicine, Public Health, 
and Nursing Universitas Gadjah Mada.

Results

The 816 subjects from 4 elementary schools in 
Yogyakarta consisted of 408 (50%) boys and 408 
(50%) girls. Sleep disturbances were found in 503 
(61.64%) subjects, with similar numbers of boys 
(62.7%) and girls (60.5%). Other basic characteristics 
collected were parental education and occupation, 
as shown in Table 1. Statistical analysis with T-test 
revealed that mean BMI, systolic blood pressure, and 
diastolic blood pressure were significantly higher in 
children with sleep disturbances than in children 
without sleep disturbances (Table 2). The prevalence 
of sleep disturbances in our subjects was quite high at 
61.6%. Univariate analysis of sleep disturbances based 
on the SDSC questionnaire is presented in Table 3.

Bivariate analysis with Chi-square test revealed a 
significant association between sleep disturbances and 
overweight/obesity (PR 22.65; 95%CI 12.28 to 41.78; 
P<0.001). Children with sleep disturbances had 22 
times higher risk of overweight/obesity compared 
to children without sleep disturbances, as shown in  
Table 4. Furthermore, children with a sleep duration 
of <9 hours had 2 times higher risk of overweight/
obesity than children with a sleep duration of  
≥ 9 hours (PR 2.53; 95%CI 2.15 to 2.98; P<0.001).

Chi-square test also revealed a significant 
association between sleep disturbances and 
hypertension (PR 15.06; 95%CI 8.13 to 27.90; 
P<0.001). Children with sleep disturbances had a 15 
times higher risk of developing hypertension compared 
to children without sleep disturbances, as shown in 
Table 5. Furthermore, children with a sleep duration 

Table 1. Characteristics of subjects with and without sleep 
disturbances 

Characteristics
Sleep disturbances

Yes
(n=503)

No
(n=313)

Gender, n(%)
Male
Female

256 (62.7)
247 (60.5)

152 (37.3)
161 (39.5)

Elementary schools, n(%)
Serayu
Muhammadiyah Sukonandi
Muhammadiyah Suronatan
Suryodiningratan 3

100 (59.5)
228 (60.5)

  106 (67.5)	
69 (60.5)

 68 (40.5)
149 (39.5)
 51 (32.5)
45 (39.5)

Paternal education, n(%)
Senior high or below
College

95(63.8)
408 (61.2)

54(36.2)
259  (38.8)

Maternal education, n(%)
Senior high or below
College

109 (50.5)
394 (65.7)

107 (49.5)
206 (34.3)

Paternal occupation, n(%)
Employee
Entrepreneur
Retired

369 (65.5)
131 (52.6)

3 (75)

194 (34.5)
118 (47.4)

1 (25)

Maternal occupation, n(%)
Employee
Entrepreneur
Housewife

 78 (70.4)
 82 (66.1)
243 (55.4)

 75 (29.6)
 42 (33.9)
196 (44.6)

Table 2. Differences in mean blood pressure and BMI in children with and without sleep disturbances 

Sleep disturbances
Outcomes

Mean BMI (SD) Mean systolic blood pressure (SD) Mean diastolic blood pressure (SD)

Yes 21.58 (4.12) 106.89 (11.26) 71.99 (9.78)

No 16.13 (2.11) 97.88 (8.06) 64.46 (10.0)
Note: P< 0.001 for all

of <9 hours had 3 times higher risk of developing 
hypertension than children with a sleep duration of 
≥ 9 hours (PR 3.30; 95%CI 2.60 to 4.17; P<0.001).

Discussion

In our study, 503 subjects (61.64%) had sleep 
disturbances. This prevalence was higher than a 
previous study that also used the SDSC. Their 
reported prevalence of sleep disturbances was 42.2% 
of subjects aged 9-12 years in a Jakarta elementary 
school.5 The difference was likely due to different 
school hours. The Jakarta school study hours were on 
average 6-7 hours/day for 6 days/week. In contrast, 



Restu Maharany Arumningtyas et al.: Sleep disturbance associations with blood pressure and BMI in school-aged children

306 • Paediatr Indones, Vol. 60, No. 6, November 2020

Table 3. Distribution of subjects according to types of sleep 
disturbances

Variables (N=816)

Sleep disturbances, n (%) 
No
Yes

313 (38.4)
503 (61.6)

SDSC parameters, n (%)
Initiating and maintaining sleep disorder 
Sleep breathing disorder
Arousal disorder
Sleep-wake transition disorder
Excessive somnolence
Sleep hyperhidrosis

365 (72.6)
 3 (0.6)
 6 (1.2)

107 (21.3)
20 (4.0)
 2 (0.4)

Table 4. Association between sleep disturbances and overweight/obesity

Variables 
          BMI status

PR 95% CI P value Overweight/obese
(n=374)

Normal/wasted
(n=442)

Sleep disturbances, n (%)
No
Yes

10 (2.7)
364 (97.3)

303 (68.6)
139 (31.4)

22.65 12.28 to 41.78 <0.001

Types of sleep disturbances, n (%)

Initiating and maintaining sleep disorder 283 (75.7) 82 (18.6) 3.84 3.17 to 4.66 <0.001

Sleep breathing disorder 2 (0.5) 1 (0.2) 1.46 0.65 to 3.25 0.596

Arousal disorder 4 (1.1) 2 (0.5) 1.46 0.83 to 2.58 0.421

Sleep-wake transition disorder 62 (16.6) 45 (10.2) 1.32 1.10 to 1.58 0.007

Excessive somnolence 12 (3.2) 8 (1.8) 1.32 0.92 to 1.90 0.198

Sleep hyperhidrosis 1 (0.3) 1 (0.2) 1.09 0.27 to 4.37 1.000

Duration of sleep

< 9 hours 246 (65.8) 106 (24.0) 2.53 2.15 to2.98 <0.001

≥9 hours 128 (34.2) 336 (76.0)
PR=prevalence risk

Table 5. Association between sleep disturbances and hypertension

Variables 
          Blood pressure status

PR 95% CI P value Hypertensive
(n=252)

Normal/pre-hypertensive
(n=564)

Sleep disturbances, n (%)
No
Yes

10 (4.0)
242 (96.0)

303 (53.7)
261 (46.3)

15.06 8.13 to 27.90 <0.001

Types of sleep disturbances, n (%)

Initiating and maintaining sleep disorder 188 (74.6) 177 (31.4) 3.63 2.83 to 4.65 <0.001

Sleep breathing disorder  1 (0.4)   2 (0.4) 1.08 0.22 to 5.37 1.000

Arousal disorder  3 (1.2)   3 (0.5) 1.63 0.73 to 3.65 0.380

Sleep-wake transition disorder  40 (15.9)   67 (11.9) 1.25 0.96 to 1.64 0.118

Excessive somnolence 10 (4.0) 10 (1.8) 1.65 1.05 to 2.58 0.061

Sleep hyperhidrosis  0 (0.0)   2 (0.4) 1.000

Duration of sleep

< 9 hours 180 (71.4) 172 (30.5) 3.30 2.60 to 4.17 <0.001

≥9 hours   72 (28.6) 392 (69.5)
PR=prevalence risk

the four Yogyakarta primary schools averaged  
7-9 hours/day of teaching and learning activities for  
5 days/week. However, sleep can be influenced by 
other internal and external factors that were not 
evaluated in either study. 

The most common types of sleep disturbances in 
our subjects were in initiating and maintaining sleep 
(72.6%), followed by sleep-wake transition disorder 
(21.3%), excessive somnolence disorder (4.0%), 
impaired consciousness (1.2 %), sleep breathing 
disorders (0.6%), and hyperhidrosis disorders during 
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sleep (0.4%). Disorders in initiating and maintaining 
sleep are determined by sleep duration, increased sleep 
latency, and disturbance at the stage of sleep. Similarly, 
a study found that the most common sleep disturbance 
in children was initiating and maintaining sleep.5 

Our analysis revealed a significant association 
between duration of sleep and obesity, with a 2.53 
times increased risk of obesity in children with  
duration of sleep < 9 hours. Similarly, a systematic 
review and meta-analysis of several cohort studies 
found that children with shorter sleep duration had 
increased risk of overweight/obesity.18 In our study, 
children with sleep disturbances had significantly 
higher BMI than those without [21.58 (SD 4.12) 
vs. 16.13 (SD 2.11), respectively (P<0.001)]. This 
finding was consistent with the theory that increased 
ghrelin hormone is a stimulator of appetite and 
decreased leptin hormone is an inhibitor of hunger.19 

Both hormones are affected by sleep disturbances. 
We also found a significant association between 

sleep disturbances and hypertension, with a 15 
times increased risk of hypertension in those with 
sleep disturbances. This result was in agreement 
with a previous study at United States which found 
an association between poor sleep quality and 
prehypertension  in children and adolescents.8 In our 
study, mean blood pressure was significantly different 
in children with and without sleep disorders, for both 
systolic and diastolic blood pressures. In children with 
sleep disorders, the mean systolic blood pressure will 
increase 7-10 times compared with children without 
sleep disturbances, while the mean diastolic blood 
pressure will increase 6-8 times in children with 
sleep disorders compared with children without sleep 
disturbances. Higher blood pressure in such children 
may be due to overactivity of the sympathetic nerves 
and the renin system of angiotensin and aldosterone, 
as well as changes in circadian rhythm, and hormone 
concentration.17

We categorized sleep duration into two groups, 
based on the recommended 9-12 hours for children 
aged 6-12 years.20 Significantly more overweight/
obese subjects than normal/wasted subjects had sleep 
duration of <9 hours, with a 2.5 times higher risk of 
overweight/obesity compared to children with >9 
hours sleep duration.21 This finding was consistent 
with a previous meta analysis which stated that 
sleep duration may be inversely and longitudinally 

associated with the risk of overweight/obesity in 
children and adolescents.18 To prevent childhood 
obesity and, thereafter, chronic diseases, a certain 
amount of sleep time for children and adolescents 
should be recommended. We also found that children 
with a sleep duration of <9 hours experienced 3.3 
times greater risk of hypertension compared to 
children with enough sleep (> 9 hours). This finding 
is consistent with a previous study.8 

Use of electronic media by children may affect 
their sleep. Children who used cell phones, television, 
video games, or computers before going to bed 
experienced reduced sleep duration and these gadgets 
are associated with elevated BMI in children. In this 
study, the use of electronic media was considered to 
significantly associated with sleep disturbances (88.9% 
of children who used electronic media experienced 
sleep disturbances).22 

A weakness of our study was the cross-sectional 
study design, so a direct causal effect could not be 
determined between sleep disturbances and the 
incidences of hypertension and obesity. Nor did we 
analyze other factors known to influence hypertension 
and obesity in children, such as genetics, diet, 
and physical activity. In addition, while the SDSC 
questionnaire has been validated as a screening tool 
and has high sensitivity and specificity, the SDSC was 
filled by parents and children who could have biased 
answers. Nonetheless, the strength of the study was 
that, to our knowledge, it is the first in Indonesia to 
use two outcome variables, namely, blood pressure and 
BMI, simultaneously. Another strength is that this 
study can provide initial data to be used as a basis for 
further study. In addition, the cluster sampling method 
randomly included four primary schools, with a large 
enough sample size to represent the target population, 
namely, elementary school students in grades 4-5 in 
Yogyakarta, Central Java.

This study is expected to increase awareness 
of health workers and parents about the dangers 
of sleep disturbances in children. In addition, we 
recommend screening for elementary school children. 
Earlier identification of sleep disturbances can lead to 
proper management, which in turn may reduce the 
risk of hypertension and obesity. Such conditions are 
known to increase the risk of metabolic syndrome in 
adolescence and adulthood.23 Data from the Third 
National Nutrition and Health Examination Survey 
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(NHANES III, 1988-96) in the United States revealed 
that the prevalence of the metabolic syndrome was 
significantly related to weight status, being found 
among less than 0.1% of adolescents of normal 
weight (BMI < 85th percentile), but increasing to 
6.8% among overweight adolescents (85th-95th BMI 
percentile) and being 28.7% among obese adolescents 
(BMI ≥ 95th percentile).23

Education of children, parents, and schools 
should take into consideration that children with 
sleep disturbances, hypertension, and obesity 
need comprehensive management and require 
multidisciplinary collaboration between the family, 
community, and schools. Pediatricians at local health 
facilities can help educate parents and manage these 
pediatric problems.
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