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ABSTRACT

Background: Congenital heart disease (CHD) is the most prevalent congenital abnormality in humans. Chil-
dren with CHD may have poor sleep quality owing to hypoxia, cyanosis, and circulatory irregularities. Howev-
er, there is insufficient data accessible, notably in Indonesia. The purpose of this study was to evaluate the as-
sociation between sleep problems and congenital heart disease in children.

Methods: A cross-sectional study was conducted from November 2024 to March 2025 at Prof. Dr R. D. Kan-
dou General Hospital. Children aged 1 to <18 years with echocardiographically confirmed CHD were assessed
using actigraphy and validated questionnaires. Sleep metrics measured were sleep efficiency, total sleep time,
sleep latency, and waking after sleep onset (WASO). Bivariate and multivariate analysis yielded significant re-
sults (p <0.05).

Results: A total of 35 children with CHD were included (median age 3 years; 60% female). Sleep disturbances
were highly prevalent, with 94% of children exhibiting at least one abnormal parameter. Multivariate analysis
showed that female sex was independently associated with shorter total sleep time (§ = -2.14 hours; p <0.05;
95%CI = -3.18 - (-1.09)), and older age was associated with fewer total awakenings (§ = -0.89; p = 0.01;
95%CI =-1.50 - (-0.28)).

Conclusion: Sleep difficulties are quite common in children with CHD, especially among females, underweight

youngsters, and those with cyanotic abnormalities.
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INTRODUCTION

Congenital heart disease (CHD) affects roughly one
out of every 125 babies and is the most common
congenital abnormality in humans, causing consider-
able morbidity and death globally.! Approximately
one-third of infants with CHD have complicated ab-
normalities, which are a combination of excessive
volume and pressure that may compromise systemic
and pulmonary circulation.z Although CHD is the
primary cause of morbidity and death in childhood,
more than 90% of children with CHD now survive in-
to adulthood because to considerable developments
in disease detection and improvements in medical
and surgical care.?

CHD may have an impact on a child's sleep quality.
According to its mechanism, there is an interruption
in the flow of oxygen intake and distribution to the
foetus after birth. Congenital heart disease may lead
to a reduction in cardiac output and heart failure.
Furthermore, systemic hypoxia and cyanosis, in-
duced by the mixing of oxygenated and deoxygenat-
ed blood via the systemic circulation, often occur in
individuals with CHD.* The occurrence of hypoxemia
can increase peripheral chemoreflex sensitivity and
trigger chronic sympathetic nerve activation, which
can lead to sleep-disordered breathing (SDB) and
subsequently cause sleep disruption, increased
nighttime blood pressure, and sympathetic nerve ac-
tivation.5¢ This cycle worsens autonomic tone imbal-
ance and can worsen the sleep quality of children
with CHD. Sleep disorders in children with CHD can
occur due to various causes, including respiratory
problems, physical discomfort, anxiety, and stress re-
lated to their health condition. Chronic sleep disor-
ders in children can affect physical, cognitive, and
emotional development, as well as reduce overall
quality of life.” We hypothesised that cyanotic CHD
and malnutrition are associated with poorer sleep
quality.

To yet, epidemiological data describing the link be-
tween CHD and sleep disturbances in children are
quite scarce. In a small prospective study, 79% of in-
fants with CHD evaluated for heart surgery were
found to have comorbid sleep-disordered breathing.”
There was also limited evidence on sleep quality in
Indonesian children with CHD measured using actig-
raphy. Therefore, this research aims to examine the
incidence and determinants of sleep disruptions
among children with CHD using actigraphy. This re-
search assessed sleep efficiency, sleep latency, total
sleep duration, wake after sleep initiation, and total
waking time in paediatric patients with CHD.

METHODOLOGY

This cross-sectional research was undertaken in the
inpatient ward of Prof. Dr. R. D. Kandou General
Hospital from November 2024 to March 2025.

Sample Size: The analytical correlation formula was
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a = 0.05 (two-tailed; Z;_4/,=1.96), power = 80%
(Zg =0.84), and an estimated correlation coefficient
(r) of 0.4 based on previous studies. This yielded a
minimum required sample of 30 participants. The
assumed correlation coefficient (r = 0.4) was based
on prior pediatric sleep research reporting moderate
correlations between sleep parameters and behav-
ioural or clinical outcomes.® This value represents a
moderate effect size according to Cohen’s classifica-
tion. By using r = 0.4, the sample size was designed to
guarantee adequate statistical power (80%) to dis-
cover a modest connection, so balancing the risk of
Type I and Type II errors in this investigation, which
included 35 participants. A sequential sampling
technique was utilised to recruit all eligible individu-
als.

Over the course of the study, from November 2024 to
March 2025, a total of 90 children were registered in
the inpatient ward of Prof. Dr R. D. Kandou General
Hospital. Of these, 75 children were assessed for eli-
gibility to participate in the study. Out of the 75
youngsters tested, 35 were included. A total of 40
children were excluded for not meeting the inclusion
criteria or other relevant reasons for exclusion.
There were no missing data among the included par-
ticipants, and therefore, the final data analysed con-
sisted of 35 children, with complete and valid data
for further analysis.

Number childrenregistered inpatientward of Prof. Dr. R. D.
Kandou General Hospital from November 2024 to March 2025.
N=90

Number of Children
Assessed for Eligibility
N=75

T~

Number of Children
Excluded
N=40

Number of Children
Included
N=35

Number of missing data
N=0

Number data of analyzed
N=35

Figure 1: Participant flow diagram depicting the
selecting procedure for children

Each participant's data was thoroughly reviewed to
ensure completeness. In cases where missing data
were identified, whether in actigraphy measure-
ments or clinical data (e.g., age, gender, CHD type, or
nutritional status), those participants were excluded
from the analysis. To maintain the minimum re-
quired sample size of 35, new participants were en-
rolled to replace any excluded samples, ensuring the
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final analysis included a complete dataset without
compromising the integrity of the study. This ap-
proach ensured that missing data did not affect the
overall sample size or the study's power. However,
all 35 participants had complete actigraphy record-
ings and clinical data, and no missing data were re-
ported in this study.

Study Population: This study included all children
with congenital heart disease aged one year 1 year to
<18 years Meanwhile, the exclusion criteria for this
study include: 1) Children with other significant
medical conditions besides congenital heart disease
that may affect sleep (e.g., heart failure, neurological
disorders, respiratory disorders (asthma, cystic fi-
brosis, interstitial lung disease), or obesity), 2) Chil-
dren with previously diagnosed sleep disorders, and
3) Children who cannot use the actigraph device (de-
vice size is not suitable, have wounds on the limbs, or
are allergic to the actigraph strap material).

Variables and Measurement: This study evaluated
patient demographic parameters, including age, gen-
der, nutritional status, type of CHD, size of CHD de-
fect, duration of CHD diagnosis, as well as sleep dis-
turbance parameters, including sleep efficiency, total
sleep time, wake after sleep onset, and sleep latency.
Demographic data were obtained from medical rec-
ords, while sleep disorder data were obtained from
actigraphy measurements that were placed on the
wrist. This study has received ethical clearance from
Prof. Dr R. D. Kandou General Hospital Ethics Com-
mission  with number No. 003/EC/KEPK-
KANDOU/1/2025. All methods followed the ethical
norms specified in the Declaration of Helsinki. All
children participating in the research provided in-
formed permission via their parents or legal guardi-
ans. The informed consent form included thorough
information on the study's objectives, methods, pos-
sible hazards, and voluntary participation. All partic-
ipants were informed that their information would
be kept private and that they may withdraw from the
research at any moment with no ill effects.

Actigraphy measures determine sleep efficiency,
which is the entire interval between sleeping and
bedtime (cutoff <85%). Total sleep time was defined
as the duration between sleep onset and final awak-
ening recorded each day. Wake after sleep onset rep-
resented the mean period of wakefulness occurring
between episodes of sleep, with a cutoff value of
more than 40 minutes. Sleep latency was defined as
the interval from lying down in bed to the onset of
sleep, with a cutoff value exceeding 20 minutes.
Actigraphy monitoring was conducted for 7 consecu-
tive nights on each participant to evaluate their sleep
quality. Each child wore an actigraphy device on
their wrist at night, from 8 p.m. to 7 a.m., to ensure
representative data on their sleep patterns during
the monitoring period.

Nutritional status is determined based on height-for-
weight (H/W), which is then plotted using the WHO
curve for children under five years old, and the CDC
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curve for children over five years old. A value below -
2 is categorized as malnutrition, while a value of -2
or above is categorized as non-malnutrition.

Data Analysis: The SPSS program was used for data
analysis, which included descriptive statistics to
characterize the demographic features of patients,
including age, gender, nutritional status, and dura-
tion of CHD diagnosis. This was followed by bivariate
analysis between age, gender, type of CHD, and size
of CHD defect with sleep quality assessed for numer-
ical data, use the Independent T-Test or Mann-
Whitney, while for categorical data, use the Chi-
square or Fisher's exact test. Linear regression was
employed to conduct a multivariate study of varia-
bles related to sleep quality. Data were considered
significant if the p-value was <0.05.

Model diagnostics were conducted to assess the ade-
quacy of the regression analyses. Normality of resid-
uals and homoscedasticity were verified graphically.
Although the Variance Inflation Factor (VIF) was not
formally calculated, the included predictors (age, sex,
nutritional status, and defect size) were chosen
based on their clinical distinctiveness and lack of
strong pairwise correlations (Pearson’s r <0.6), sug-
gesting a low risk of multicollinearity. Variable selec-
tion for the multivariate model followed both clinical
relevance and univariate significance threshold (p
<0.25) to prevent overfitting, given the limited sam-
ple size (n = 35). All analyses were done using SPSS
ver 22 with significant data if the p-value was <0.05.

Ethical Approval: This study has been approved by
the Ethics Committee of Prof. R. D. Kandou General
Hospital, Manado, North Sulawesi, with ethical clear-
ance number (003 /EC/KEPK-KANDOU/1/2025).

RESULTS

A total of 35 children out of 40 eligible children were
enrolled in this study, excluding 5 children due to in-
complete data. Female participants slightly outnum-
bered males, with a ratio of 60:40 (Table 1). The me-
dian age was three years, with the majority of young-
sters ranging from one to slightly more than six.
Nearly half of the participants were aged 1-2 years,
while older age groups were less represented. Nine-
teen children (54%) were underweighted, and 17
(49%) had short stature. This high proportion of low
weight and height reflects the prevalence of malnu-
trition, observed in 54% of the sample. Most CHD di-
agnoses had been established about two years earli-
er. Acyanotic CHD was the most common type, found
in 749% of cases. The median defect size was 4 mm,
ranging from 3 mm to 7 mm.

Table 2 shows the distribution of sleep quality pa-
rameters in the study. These consist of sleep latency,
sleep efficiency, total sleep time, waking after sleep,
and total awakenings. The sleep quality parameter
was gathered through actigraphy monitoring of each
participant in seven consecutive nights of valid actig-
raphy data, which were averaged for analysis.
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Table 1: Characteristics of the subjects

Characteristics Participants (%)
Age (year) 3.0 (1.0; 6.5)*
1-2 17 (48.6)
3-5 8(22.9)
6-12 4(11.4)
13-17 6(17.1)
Gender
Male 14 (40.0)
Female 21 (60.0)
Body weight (kg) 11.5 (7.8; 19.0)*
Body weight category
Normal 16 (45.7)
Underweight 19 (54.3)
Body height (cm) 94.0 (72.8; 121.0)*
Body height category
Normal 18 (51.4)
Short 17 (48.6)
Nutritional status
Non-Malnutrition 16 (45.7)
Malnutrition 19 (54.3)
Type of CHD
Acyanotic 26 (74.3)
Cyanotic 9 (25.7)
CHD defect size (mm) 4.0 (3.0; 7.0)*
Length of time diagnosed with 2.0 (1.0; 3.0)*

CHD (years)

Note: Q1 = first quartile, Q3 = third quartile

*Values are in Median (Q1; Q3)

Kaunang ED et al.

The median sleep efficiency was 74.4% (IQR 58.6-
82.3), indicating moderate sleep fragmentation. The
median total sleep time was 5.0 hours (IQR 4.0-6.0),
substantially below the recommended duration for
children, while the median wake-after-sleep onset
(WASO) of 63.0 minutes suggested frequent noctur-
nal awakenings. In total, 94% of children exhibited at
least one abnormal sleep parameter, confirming the
high prevalence of sleep disturbances among the
study cohort.

Table 3 presents the relationship between CHD char-
acteristics and sleep quality parameters measured by
actigraphy. For clarity, the analysis focuses on varia-
bles included in the multivariate model. Age, sex, nu-
tritional status, CHD type, and duration since diagno-
sis were identified as potential factors influencing
sleep quality. However, only sex and age showed sig-
nificant associations.

Female sex was associated with a significantly short-
er total sleep time ( = -2.14 hours; 95% CI -3.18 to -
1.09; p <0.05), while older age correlated with fewer
total awakenings (B = -0.89; 95% CI -1.50 to -0.28; p
= 0.01). Malnutrition showed a borderline associa-
tion with longer total sleep duration (8 = 1.30; 95%
CI 0.04 to 2.56; p = 0.05) (Table 3).

Table 2: Comparing sleep quality in children with cyanotic and acyanotic CHD

Sleep Quality Parameter

All subjects (N =35) Acyanotic (n=26) Cyanotic (n=9) p*

Sleep Latency (minutes) (Median (Q1-Qs)) 0.0 (0.0 - 14.5) 0.0 (0.0 - 14.8) 0.0 (0.0-11.0) 0.950
<20 minutes (n (%)) 27 (77.1) 20 (76.9) 7 (78.8) 0.999
>20 minutes (n (%)) 8(22.9) 6(23.1) 2(22.2)

Sleep Efficiency (%), (Mean (SD)) 74.4 (14.1) 74.3 (15.8) 74.8 (7.8) 0.928
285 (n (%)) 10 (28.6) 9 (34.6) 1(11.1) 0.364
<85 (n (%)) 25(71.4) 17 (65.4) 8(88.9)

Total Sleep Time (hours) (Median (Q1-Q3)) 5.0 (4.0-6.0) 5.0 (4.0-6.0) 5.0 (5.0 - 6.0) 0.861
Sufficient (n (%)) 2(5.7) 2(7.7) 0(0) 0.999
Insufficient (n (%)) 33 (94.3) 24 (92.3) 9 (100)

Wake After Sleep Onset (Median (Q1-Q3)) 63.0 (38.5 - 134.0) 58.0 (38.2-157.2) 63.0(52.0-101.0) 0.999
<40 (n (%)) 10 (28.6) 8 (30.8) 2 (22.2) 0.977
>40 (n (%)) 25 (71.4) 18 (69.2) 7 (77.8)

Total Awakening, (Mean (SD)) 20.5 (9.6) 20.2 (9.3) 21.3 (10.7) 0.770
Sleep disturbance (3)t (n (%)) 27 (77.1) 19 (73.1) 8(88.9)

Sleep disturbance (4)# (n (%)) 33(94.3) 24 (92.3) 9 (100)

Note: Q1 = first quartile, Q3 = third quartile. *p-values derived from the Independent T-Test or Mann-Whitney test for numerical varia-
bles and the Chi-square test or Fisher’s Exact test for categorical variables. SD = standard deviation. The classification of 'sleep disturb-
ance: (3)7 is based on three actigraphy parameters-sleep latency > 20 minutes, sleep efficiency < 85%, and wake after sleep onset > 40
minutes. (4)* Based on the criterion of age-appropriate sleep duration. NS: not significant (p-value >0.99)

30 24
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2
0 |
Acyanotic
W Sufficient

Total Sleep Time

9
0
Cyanotic
I Insufficient

Sleep Efficiency
20 17
15
10 : .
: . .
0 —
Acyanotic Cyanotic
Bm>85% [1<85%
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Figure 1: Total Sleep Time and Sleep Efficiency by CHD Type
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Table 3: Linear regression analysis of sleep quality using actigraphic parameters

Variable Univariate Multivariate
B (95% CI) p B (95% CI) p

Sleep Latency

Female vs male 13.44 (-5.42 - 32.30) 0.16 17.02 (-3.06 - 37.10) 0.11

Age 0.05(-1.74 - 1.85) 0.95 -1.44 (-3.52 - 0.65) 0.19

Length of time diagnosed with CHD 2.09 (-0.71 - 4.89) 0.14 2.27 (-0.72 - 5.25) 0.15

Short stature -8.96 (-32.58 - 14.65) 0.45 -17.99 (-43.62 - 7.64) 0.18
Sleep Efficiency

Female vs male -6.40 (-16.15 - 3.35) 0.19 -8.25 (-18.31 - 1.81) 0.12

Age 0.54 (-0.36 - 1.44) 0.23 0.87 (-0.08 - 1.82) 0.09

Malnutrition 5.08 (-6.47 - 16.62) 0.38 9.07 (-3.25-21.38) 0.16
Total Sleep Time

Female vs male -1.43 (-2.61 - (-0.25)) 0.02 -2.14 (-3.18 - (-1.09)) <0.05

Age 0.01(-0.11-0.13) 0.85 0.07 (-0.03-0.17) 0.15

Size of CHD -0.07 (-0.28 - 0.13) 0.47 -0.14 (-0.30 - 0.02) 0.09

Malnutrition 1.37 (-0.05 - 2.79) 0.06 1.30 (0.04 - 2.56) 0.05
Wake After Sleep Onset

Female vs male 30.66 (-18.92 - 80.24) 0.22 40.29 (-9.61-90.18) 0.12

Length of time diagnosed with CHD -5.81 (-13.08 - 1.46) 0.11 -6.82 (-13.95-0.32) 0.07
Total Awakening

Age -0.53 (-1.13-0.07) 0.08 -0.89 (-1.50 - (-0.28)) 0.01

Short stature -1.79 (-10.10 - 6.53) 0.67 -7.47 (-15.49 - 0.56) 0.08

Note: CI: confidence interval. SD = standard deviation. CHD = congenital heart disease

DISCUSSION

Congenital heart disease (CHD) is commonly detect-
ed during the neonatal period, particularly when
symptoms like cyanosis or congestive heart failure
manifest early. In this study, the median age at diag-
nosis was 3.0 years, consistent with previous find-
ings showing that 86.7% of CHD cases are identified
within the first year of life.? Amelia P et al also re-
ported that 48.1% of CHD patients were aged 0-2
years, aligning with the current study, where most
cases (49%) occurred at 1-2 years.19 Gender distri-
bution in CHD varies by defect type. Sixty per cent
subjects of this study were female. Previous study
found higher atrial septal defect (ASD) prevalence in
females and ventricular septal defect (VSD) in
males.!!

Cyanotic CHD is more often associated with growth
impairment due to chronic hypoxemia and increased
basal metabolism. Up to 55% of CHD patients may be
malnourished, adversely affecting prognosis.12 In cy-
anotic cases, children were more likely to be severely
underweight and stunted compared to those with
acyanotic defects.l® Fifty-four per cent of subjects
had nutritional issues, supporting previous reports
of increased energy expenditure in CHD children.13
Acyanotic CHD was more frequent (74%) than cya-
notic CHD (26%), which is consistent with previous
investigations.1014 Defect size also influences clinical
outcomes. The median defect size was 4.0 mm (IQR:
3.0-7.0 mm). Small acyanotic defects may close spon-
taneously, while larger ones (>5 mm) pose risks of
heart failure and pulmonary hypertension.!5 Given
that growth and nutritional problems are common in
CHD, another underrecognized issue is sleep dis-
turbance, which may further affect overall develop-
ment and psychosocial well-being.

This study found that 94% (33/35) of children with
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CHD experienced sleep disturbances, a notably high
prevalence that should be interpreted with caution.
This may partly reflect measurement artefacts from
actigraphy or environmental influences such as hos-
pital noise, light exposure, or nighttime clinical moni-
toring rather than true sleep pathology. Combs D et
al. reported a 57% rate of sleep disorders, mainly
obstructive sleep apnea (0SA), among children with
CHD.!¢ Sleep latency in this study had a median of 0.0
minutes (IQR 0.0-14.5), which appears physiological-
ly implausible. This likely reflects actigraphy’s ten-
dency to misclassify motionless wakefulness as sleep
onset, particularly in hospitalised or fatigued chil-
dren. Previous research indicates that short latency
may represent either efficient sleep initiation or
compensatory hypersomnolence due to chronic fa-
tigue or hypoxemia.l”

Sleep efficiency averaged 74.4 * 14.1%, below the
85% threshold for good sleep quality. This indicates
fragmented sleep in CHD patients, potentially caused
by persistent hypoxia or severe cardiac pathology.
Reduced efficiency is consistent with persistent hy-
poxia, autonomic imbalance, or sleep-disrupting
medications. Dai et al. also observed decreased sleep
efficiency in CHD children, particularly cyanotic
types.!® The mean total sleep time was 5.0 hours
(IQR 4-6), significantly lower than the recommended
9-12 hours for children aged 4-12. Previous studies
by Sadhwani recorded an average of 12.4 hours of to-
tal sleep in CHD patients.!® Median Wake After Sleep
Onset (WASO) was 63.0 minutes (range: 38.5-134.0),
indicating frequent nighttime awakenings.20

Physiological and psychosocial mechanisms contrib-
ute to sleep disorders in CHD. Hypoxemia, autonomic
imbalance, cardiac workload, and medications like
diuretics or beta-blockers interfere with sleep.21-25
Beyond these physiological causes, psychosocial
stressors such as anxiety, depression, and caregiver
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burden are also important but were not measured in
this study. Hamdani AR et al. reported elevated anxi-
ety and depressive symptoms in CHD children.26 The
mean number of total awakenings was 20.5 * 9.6 per
night, indicating highly fragmented sleep. This nega-
tively affects development. Caissie et al. confirmed
more awakenings in CHD children, which correlated
with poorer adaptive functioning.2”

Although female participants appeared to have high-
er odds of sleep disturbances (OR = 2.14, p <0.05),
this association should be interpreted cautiously.
The small sample size and lack of multivariable ad-
justment may overestimate the strength of this rela-
tionship. This is consistent with research demon-
strating increased anxiety and emotional difficulties
in females with CHD, increasing their likelihood of
sleep disturbances.26 Emotional vulnerability and
psychological distress may explain the greater preva-
lence in females. It was found that older age was as-
sociated with nearly one fewer total awakening
(p=0.01), indicating that the relationship between
age and sleep disorders is statistically significant.
This aligns with previous research by Dai et al., who
found that younger children with P]B more frequent-
ly experience sleep fragmentation due to autonomic
nervous system instability, making them more sus-
ceptible to changes in heart rate and blood pressure
during sleep.18

Given the significant frequency of sleep disruptions
in children with CHD found in this research, routine
screening for sleep problems should be considered
as part of comprehensive CHD management. Early
detection through actigraphy or structured ques-
tionnaires can enable timely intervention, potentially
improving both neurodevelopmental and cardiovas-
cular outcomes.

STRENGTHS AND LIMITATIONS

The strengths of this study include the use of actig-
raphy, a novel and objective method for assessing
sleep disturbances in children with CHD, which pro-
vides continuous and accurate data. Additionally, the
study offers valuable local insights, as there is limited
data on this topic from Indonesia. However, the
study has several limitations. It lacks a control group,
which limits the ability to compare the results to a
healthy pediatric population. The tiny sample size
may limit the generalisability of the results. Fur-
thermore, data on oxygenation levels and medication
use, which could help clarify the physiological factors
affecting sleep, were not collected. The inpatient set-
ting of the study may not fully reflect the sleep dis-
turbances experienced by children in a community-
based setting, limiting the broader applicability of
the results.

CONCLUSION

Sleep disturbances were highly prevalent among
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children with congenital heart disease, with female
sex, malnutrition, and cyanotic CHD showing associa-
tions with poorer sleep quality. These findings sug-
gest that routine screening for sleep problems
should be integrated into pediatric cardiology prac-
tice. Early identification and management of sleep
disturbances may help improve neurobehavioral
outcomes, emotional well-being, and overall QOL in
children with CHD. Future research with larger, lon-
gitudinal cohorts incorporating both physiological
(e.g., oxygenation profiles, medication use) and psy-
chosocial assessments (e.g., anxiety, depression,
caregiver stress) is warranted to clarify underlying
mechanisms and guide targeted interventions.
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