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Abstract
Background Incidence of congenital heart disease (CHD) is about 
0.8% of every child born. This heart defect is associated with dys-
lipidemia in children. Lipid profiles examination in patients with 
CHD can be used to determine risk factors for atherosclerosis.
Objective To examine differences in lipid profiles in children with 
cyanotic and acyanotic CHD.
Methods This was a cross-sectional study on 60 pediatric CHD 
patients at Haji Adam Malik Hospital, Medan, North Sumatera, 
from December 2020 to March 2021. Subjects were included 
by consecutive sampling. Data of patient’s age, gender, weight, 
height, complete blood count, blood glucose, and lipid profiles 
were recorded. Unpaired T-test analysis and Mann-Whitney 
test were then performed to analyze variables in cyanotic and 
acyanotic CHD patients.
Results Of a total of 60 CHD children, 26 subjects had a diagnosis 
of cyanotic CHD and 34 subjects had a diagnosis of acyanotic 
CHD. The most common cause of cyanotic CHD was tetralogy 
of Fallot (76.9%), while the most common cause of acyanotic 
CHD were ventricular septal defect and patent ductus arteriosus 
(32.4% each). Analysis of lipid profiles on both groups revealed 
that low density lipoprotein (LDL) was significantly lower in the 
cyanotic group than in the acyanotic group (P<0.05). However, 
other lipid profile values, were not significantly different between 
groups. In addition, there was no significant difference in incidence 
of dyslipidemia between cyanotic and acyanotic CHD. 
Conclusion Low density lipoprotein is significantly lower in the 
cyanotic CHD group than in the acyanotic CHD group. But there 
are no significant differences in the other lipid profiles measure-
ment and incidence of dyslipidemia between groups.  [Paediatr 
Indones. 2022;62:404-10; DOI: https://doi.org/10.14238/
pi62.6.2022.404-10 ].
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Congenital heart disease (CHD) are 
abnormalities in the structure or function of 
the heart circulation from birth that occur 
due to disruption or failure of development 

of the heart structure in the early stages of fetal 
development.1 Clinical manifestations depend on the 
severity of the disease, ranging from asymptomatic to 
the presence of symptoms of heart failure in neonates.2 
Congenital heart disease is divided into two main 
categories, namely, cyanotic and acyanotic.1 

More than a quarter of children with CHD 
are overweight.3 There are two leading causes of 
overweight in children with CHD, physical activity 
restriction and high-calorie diet. Infants with CHD 
were given a high-calorie diet to compensate increased 
caloric needs for surgical repair but some parents 
continue to give their children high-calorie diet even 
after the surgery and resolvement of the heart defect.4 

Dyslipidemia is a lipid metabolism disorder 
characterized by an increase or decrease in plasma 
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lipids.5 It plays an important role in heart disease. 
This CHD has been associated with dyslipidemia 
in children.6 On other hand, both uncorrected and 
corrected CHD in adults have a low incidence of 
coronary heart disease.7 Furthermore, cyanotic CHD 
patient has a lower risk of coronary heart disease.8 

Fur ther  s tudy  i s  needed  to  deve lop 
recommendations for comparing lipid profiles in CHD 
patients. As such, we aimed to compare lipid profiles 
in pediatric patients with cyanotic or acyanotic CHD. 

Methods

This was a cross-sectional study to assess differences 
in lipid profiles between children with cyanotic and 
acyanotic CHD. The study was conducted at Haji 
Adam Malik Hospital, Medan, North Sumatera, from 
December 2020 to April 2021. The target population 
was CHD patients aged 1 month - 18 years and 
had not undergone heart correction. Patients with 
chronic liver disease, chronic kidney disease, or 
myeloproliferative disease were excluded from the 
study.

Lipid profiles examinations were done after 
patients had fasted for 10 to 12 hours. Dyslipidemia 
was a lipid metabolism disorder characterized by an 
increase or decrease in the lipid fraction in plasma, 
namely, an increase in total cholesterol levels 
(≥200mg/dL), LDL cholesterol (>130 mg/dL), 
triglyceride levels (≥100 mg/dL), and/or a decrease 
in high density lipoprotein (HDL) levels (≤ 40 mg/
dL), according to The National Cholesterol Education 
Program (NCEP) cut-off value.9

Nutritional status was assessed based on WHO 
2006 weight-for-height charts in children under 5 
years old and CDC 2000 charts in children above 5 
years of age. WHO and CDC classified nutritional 
status into obesity, overweight, normal, wasting, and 
stunting. In this study, we grouped nutritional status in 
to three categories: (1) normal if weight-for-height is 
between -2 to +2 SD in WHO chart and BMI between 
5th to 85th percentile in CDC 2000, (2) wasting if 
weight-for-height is between -3 to -2 SD in WHO 
chart and BMI below 5th percentile in CDC 2000, 
and (3) stunting if weight-for-height is under -3 SD 
in WHO chart and height-for-age below 5th percentile 
in CDC 2000.10

Data analysis was conducted with SPSS version 
26.0. Multivariate analysis was used to determine the 
distribution of subject’s characteristics. Numerical 
data were presented in mean and standard deviation 
and categorical data were presented in frequency and 
percentage. Unpaired T-test was used for normally 
distributed data and the Mann-Whitney test was used 
for non-normally distributed data. Chi-square test 
was used for categorical data and the Fischer's exact 
test was used when the Chi-square test conditions 
were not met. P values <0.05 were considered to be 
statistically significant, with 95% confidence intervals 
(CI). This study was approved by the Health Research 
Ethics Committee, Universitas Sumatera Utara, 
Medical Faculty.

Results

A total of 60 pediatric patients diagnosed with CHD 
who visited the outpatient or inpatient units of Haji 
Adam Malik Hospital, Medan, North Sumatera, were 
included. The 60 patients included 26 children with 
cyanotic CHD and 34 children with acyanotic CHD.  
The mean age of children in the cyanotic CHD group 
was 5.55 years and in the acyanotic CHD group was 
3.88 years. In the cyanotic CHD group, most subjects 
were stunted (12/26), while in the acyanotic CHD 
group, most subjects had normal nutritional status 
(16/34). The characteristics of subjects are presented 
in Table 1. 

As shown on Table 2, the most common cause 
of cyanotic CHD was tetralogy of Fallot (20/26). 
Meanwhile, the most common type of acyanotic CHD 
was VSD and PDA (11/34) in each group. Table 3 
shows the lipid profiles in the two study groups. Mann-
Whitney test revealed no significant differences in 
mean cholesterol and triglycerides levels, but there 
was a significant higher LDL level in acyanotic CHD 
group. Independent T-test revealed no significant 
difference in mean HDL level between the two groups. 
Table 4 shows the differences in lipid profiles of 
cyanotic and acyanotic groups, by categorizing each of 
them into high and normal groups. Fischer's exact test 
revealed no significant difference in the percentages of 
subjects with high total cholesterol or high LDL levels 
between the two groups. Chi-square test revealed no 
significant differences in the percentages of subjects 
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Table 1. Characteristics of subjects

Characteristics Cyanotic CHD  
(n=26)

Acyanotic CHD  
(n=34)

Gender, n(%)
Male 

     Female 
15 
11 

14
20

Mean age (SD), years 5.55 (4.28)  3.88 (4.29)

Age by group, n
<5 years 

     5 – <10 years  
     10 – < 15 years 
     15–18 years

13
8
4
1

26
3
5
0

Nutritional status, n
Normal
Wasting
Stunting

7
7

12

16
10
8

Table 2.  Type of CHD in cyanotic and acyanotic groups.

Cyanotic CHD 
(n=26)

Acyanotic CHD 
(n=34)

ToF 20 ASD 5 

TGA-IVS 1 VSD 11 

DORV 5 PDA 11

ASD + PDA 3

ASD + VSD 1

ASD + PDA + VSD 1

VSD + PDA 1 

Pulmonary stenosis 1 

ToF=tetralogy of Fallot; TGA-IVS=transposition of great arteries-intact ventricular 
septum; DORV=double outlet right ventricle; ASD=atrial septal defect; 
VSD=ventricular septal defect; PDA=patent ductus arteriosus.

Table 3. Lipid profiles in cyanotic and acyanotic groups.

Lipid profiles Cyanotic CHD 
(n = 26)

Acyanotic CHD 
(n = 34)

P value

Total cholesterol, mg/dL
Mean (SD)
Median (range)

122.04 (33.56)
116.5 (76-210)

136.15 (34.86)
133.5 (58-210)

0.052a

Triglycerides, mg/dL
Mean (SD)
Median (range)

125.58 (56.69)
116.5 (49-222)

115.12 (60.54)
  97.5 (45-256)

0.359a

HDL, mg/dL
Mean (SD)
Median (range)

    33.23 (12.14)
34 (12-61)

  36.29 (10.56)
35.5 (10-62)

0.301b

LDL, mg/dL
Mean (SD)
Median (range)

  80.65 (32.75)
75 (29-157)

  96.56 (31.74)
  95.5 (22-202)

0.023a

aMann-Whitney; bindependent T-test

with high triglyceride or low HDL levels between the 
two groups.

Of our 60 CHD subjects, there were 55 children 

with dyslipidemia based on their lipid profiles. 
Table 5 shows results of independent variables and 
dyslipidemia analysis.
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Table 4. Dyslipidemia in congenital heart disease

Lipid profiles Cyanotic CHD 
(n=26)

Acyanotic CHD 
(n=34)

Prevalence ratio (95%CI) P value

Total cholesterol, n 
High
Normal

2
24

2
32

1.167 (0.418 to 3.254) 1.000a

Triglycerides, n
High
Normal

14
12

17
17

1.091 (0.610 to 1.952) 0.768b

HDL, n 
Normal
Low

7
19

10
24

0.932 (0.482 to 1.803) 0.832b

LDL, n 
High
Normal

2
24

4
30

0.750 (0.233 to 2.417) 0.689a

aFischer’s exact; bChi-square

Table 5. Analysis of factors potentially associated with dyslipidemia in children with CHD

Variables
Dyslipidemia

PR (95% CI) P valueYes 
(n=55)

No 
(n=5)

Gender, n (%)
Male
Female

28
27

1
4

1.109 (0.952 to 1.290) 0.355a

Mean age (SD), years
 < 5 years
5-10 years
10 - < 15 years
15-18 years

4.70 (4.38)
35 
11 
8 
1 

3.48 (4.03) 
4 (10.3)

0
1
0

0.718b

Nutritional status, n (%)
Wasting and stunting
Normal

35
20

2
3

1.088 (0.912 to 1.297) 0.362a

Type of CHD, n (%)
Cyanotic
Acyanotic

24
31

2
3

1.012 (0.869 to 1.179) 1.000a

aFischer’s exact; bMann-Whitney

 Discussion
 

In general, the number of acyanotic CHD patients 
is three to four times greater than that of cyanotic. 
Despite this lower prevalence, cyanotic CHD causes 
higher morbidity and mortality than acyanotic 
CHD.1 In our study of 60 CHD subjects, there were 
26 subjects with a diagnosis of cyanotic CHD and 34 
subjects with a diagnosis of acyanotic CHD.

The incidence of CHD varies among populations, 
according to studies from different countries, incidence 
of CHD is ranging from 4 to 50 per 1,000 live births. 
These mixed results are related to differences in 
inclusion criteria, environmental and genetic factors, 

lack of appropriate health care systems and follow-
up, lack of available detection modalities, limited 
diagnostic techniques, and undocumented national 
data.11 In our study, ToF was the most common cause 
of cyanotic CHD (76.9%), which was in accordance 
with a previous study that reported a 68.2% of ToF;12 

while VSD and PDA (32.4% each) were the most 
common cause of acyanotic CHD, which was similar 
with a study reporting 30.3% VSD, 24.5% ASD, and 
13.9% PDA.13 However, another study reported that 
PDA was the most common acyanotic CHD, followed 
by VSD and ASD with prevalences of 44%, 25%, and 
25%, respectively.14 

Patients with cyanotic CHD usually have 
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more severe growth retardation than patients with 
acyanotic CHD.15 The cardiac basal metabolic rate 
(BMR) in children with cyanotic CHD is higher than 
in children with acyanotic CHD.16 Many factors 
influence the nutritional status of infants and children 
with CHD, including type of CHD, nutrient input (low 
energy intake, malabsorption), energy requirements 
(hypermetabolism), dietary components, age at 
surgery, and prenatal factors.17,18 In our study, stunted 
was found in 46.2% of cyanotic CHD subjects and  
23.5% of the acyanotic group. Chi-square analysis 
revealed no significant difference between groups. 
A previous study reported malnutrition is higher 
in cyanotic CHD patients (63.6%) compared to 
acyanotic CHD patients (30.6%).12

Barbiero et al.19 reported malnutrition is higher 
in acyanotic CHD (27.7%) group than in cyanotic 
CHD group (23.3%). This is in contrast with our 
study that shown malnutrition is higher in the cyanotic 
group (46.2%) than acyanotic group (23.5%). Physical 
activity and diet misperceptions by parents cause 
their children to be overweight. Parents often restrict 
their children’s physical activity and increase their 
calorie intake as they perceive their child as “sick” 
and vulnerable even though the defect is small or has 
been surgically corrected.4

The prevalence of obesity has increased rapidly 
in recent decades and is now recognized as an 
independent risk factor for cardiovascular diseases 
and diabetes. Obesity is often associated with other 
cardiovascular risk factors, such as atherogenic 
dyslipidemia. Although most of the clinical burden of 
cardiovascular disease occurs in adulthood, these risk 
factors can develop during childhood and adolescence. 
In fact, there is now clear evidence that atherosclerosis 
begins in childhood. To reduce cardiovascular 
mortality, we need to turn our attention to preventing 
and correcting these risk factors before adulthood 
when the atherosclerotic process may have progressed 
too far to be reversible with therapy. Although CHD 
is associated with high mortality, only 0.4% of deaths 
from cardiovascular disease are attributable to CHD 
in the United States.19 However, a study reported 
that CHD did not increase the risk of dyslipidemia 
in children.20

The diagnosis of dyslipidemia is made by 
measuring blood lipids, lipoproteins, or apolipoprotein 
factors. If there is an abnormality on the measurement, 

a diagnosis of specific dyslipidemia is made, such 
as elevated total cholesterol, LDL-C, apo B, non-
HDL-C, and triglycerides (TGs) or a lower-than-
normal level of HDL-C.18

In our study mean LDL level was significantly 
higher in the acyanotic group than in the cyanotic 
group (P=0.023). There was no difference in the 
incidence of dyslipidemia in the two groups. To the 
best of our knowledge, no studies have specifically 
compared lipid profiles between cyanotic and 
acyanotic CHD patients. Moreover, a study found 
no difference in the prevalence of coronary intimal 
hyperplasia in cyanotic vs. acyanotic CHD patients.21 

The TGF-b1 immunostaining was negative for all 
controls and similar between cyanotic and acyanotic 
CHD, but was significantly greater in corrected vs. 
uncorrected CHD.22 It is suspected that hypoxia-
ischemia induces vascular injury that occurs before 
or during cardiac surgery (such as hemodynamic 
instability, cardiac arrest, or coronary manipulation). 
They identified five variables that contributed to 
the low incidence of atherosclerosis in cyanotic 
patients, namely, hypocholesterolemia, hypoxemia, 
upregulation of nitric oxide (NO), hyperbilirubinemia, 
and low platelet count.8

Fyfe et al.23 reported that hypocholesterolemia 
occurred in 58% of patients with cyanotic 
CHD who did not undergo surgery and in 52% 
of patients who had corrective surgery. Only 
11% of cyanotic CHD patients with preoperative 
hypocholesterolemia had postoperative elevated 
cholesterol. Hypocholesterolemia primarily reflects a 
reduction in LDL cholesterol with a lower reduction in 
VLDL and HDL cholesterol.23 The major contribution 
of apo-B-containing lipoproteins to total cholesterol 
implies underproduction or overuse of VLDL, HDL, 
or LDL, as the mechanism responsible for low 
total cholesterol levels. Underproduction occurs in 
malnutrition with mutations in the apo-B protein 
leading to decreased VLDL production and with 
mutations in the microsomal triglyceride transfer 
protein that reduce cholesterol absorption in the 
gut.24 A previous study found that proliferating cells 
in polycythemia vera and myeloid metaplasia display 
abnormal cholesterol metabolism and derepression, 
as regards the negative feedback regulation is usually 
mediated by the LDL receptor.25 Increased in vivo 
LDL catabolism in hypocholesterolemic subjects with 
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myeloproliferative disease supports this hypothesis.
 In conclusion, LDL level is significantly lower in 

cyanotic CHD than in acyanotic CHD.  But there is no 
significant difference in the incidence of dyslipidemia 
between cyanotic and acyanotic CHD patients. 
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