Original Article
CrossMark

(—(h(kfor updates

http://dx.doi.org/10.4070/kcj.2015.45.5.416
Print ISSN 1738-5520 @ On-line ISSN 1738-5555

kej

Korean Circulation Journal

Analysis of Cardiovascular Risk Factors in Adults with Congenital
Heart Disease

Ju Ryoung Moon, RN', Jinyoung Song, MD’, June Huh, MD?, I-Seok Kang, MD?, Seung Woo Park, MD’,
Sung-A Chang, MD?, Ji-Hyuk Yang, MD*, and Tae-Gook Jun, MD*

7Grown—Up Congenital Heart Clinic, Heart Vascular Stroke Institute, 2Department of Pediatrics, Grown-Up Congenital Heart Clinic, Heart Vascular Stroke Institute,
*Division of Cardiology, Grown-Up Congenital Heart Clinic, Heart Vascular Stroke Institute, *‘Department of Thoracic & Cardiovascular Surgery, Grown-Up Congenital
Heart Clinic, Heart Vascular Stroke Institute, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Background and Objectives: The objective of this study was to analyze cardiovascular risk factors in adults with congenital heart
disease (ACHD).

Subjects and Methods: The subjects for this study comprised 135 patients, aged 18 years and above, who visited the ACHD clinic at the
Samsung Medical Center and 135 adults with a structurally normal heart who were randomly selected from the Center for Health
Promotion during the same period. For the analysis, the ACHD group was further divided into an ACHD group that underwent correction by
cardiac surgery and a cyanotic group.

Results: The mean (standard diviation) age (years) of patients in the surgically corrected group was 48.4 (10.9) years, while that of
patients in the cyanotic group was 43.1 (9.0) years and that of patients in the control group was 47.1 (10.3) years (p=0.042). The adjusted
odds ratios (ORs) for past smoking, hypertension, diabetes mellitus, hypercholesterolemia, obesity, and metabolic syndrome were
significantly higher in the surgically corrected patients than in the controls. However, the ORs for all variables excluding past smoking
were significantly lower in the cyanotic group compared with the control group. After adjustment for age, gender, smoking, alcohol use,
and exercise, the ORs for metabolic syndrome were 0.46 (0.35-0.57, p<0.001) and 1.48 (1.14-1.92, p=0.003) in the cyanotic and surgically
corrected groups, respectively.

Conclusion: Cardiovascular risk factors need to be considered in surgically corrected ACHD patients as well as in adults with a
structurally normal heart. A further study with a long-term follow-up is needed for developing guidelines for prevention.
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Cardiovascular disease (CVD) is the main cause of death and it
imposes a burden across the world." Developed countries have
already reduced the CVD mortality rate considerably through the
identification and selection of high-risk groups, and the application
of direct interventions, such as education and the prescription of
medications.” However, CVD has been gradually increasing in
countries undergoing rapid economic development.” In Korea,
where the ischemic heart disease (IHD) mortality rate is the highest
among the CVD mortality rates, the IHD mortality rate has increased
sharply from 11.6 persons per 100000 people in 1994 to 28.9
persons per 100000 people in 2012.” This increase in the IHD
mortality rate illustrates the need for an IHD prevention project to
actively manage CVD risk factors in Korea. Capitalizing on the
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improved diagnosis and cardiac surgery, 5250 cases of cardiac
surgery are performed annually in Korea and a low mortality rate of
less than two percent after these surgeries has been recorded.” As a
result, more than 85% of domestic congenital heart disease (CHD)
patients, including cyanotic and complex CHD patients, reach adult
agef’] and it is estimated that there are already about 150000 to
200000 adults with congenital heart disease (ACHD) patients
nationwide.” However, prevention and management strategies for
IHD are still required in these ACHD patients.

Cardiovascular (CV) risk factors include age, hypercholesterolemia,
diabetes, hypertension, smoking, drinking, exercise, and metabolic
syndrome (MS), and these risk factors are closely related to genetic
and environmental predispositions.” In particular, the identification
and management of risk factors attract intense attention because
the risk factors for developing IHD after middle age can be mostly
prevented or managed by behavioral modifications, such as changes
to the lifestyle or dietary habits.” Furthermore, the identification of
risk factors for the specific disease enables tailored care of disease
features,” and may promote more effective prevention or
management of conditions such as atherosclerosis and IHD.

Therefore, this research attempted, for the first time in Korea, to

Ju Ryoung Moon, etal. 417

provide evidence to support the development of interventions to
reduce the CV risk factors by identifying their levels in ACHD
patients and comparing them with those in a control group.

Subjects and Methods

Study sample

This study was conducted in 135 ACHD patients and 135 adults
with a structurally normal heart who were randomly selected from
those who visited the Center for Health Promotion at the hospital
during the same period. The ACHD patient group consisted of 135
patients, aged 18 years and above, who visited the outpatient clinic
for ACHD at the Samsung Medical Center between October 1, 2010
and April 30, 2011. This group was further divided into two ACHD
groups, cyanotic and surgically corrected ACHD groups. The cyanotic
ACHD group comprised 45 cyanotic ACHD patients who had
cyanosis, regardless of whether or not they underwent cardiac
surgery. Cyanosis was defined in patients with a peripheral oxygen
saturation of <93% in room air, an unrepaired intra- or extracardiac
shunt, and severe pulmonary hypertension diagnosed by either
echocardiography or cardiac catheterization. The surgically corrected

Table 1. Clinical characteristics of patients in congenital heart disease groups (N=135)

Cyanotic ACHD (n=45) Surgically corrected

ACHD (n=90)
Variables N (%) Cardiac surgery Cardiac surgery
Yes (n=17) No (n=28) Yes (n=57)
Type of CHD
Atrial septal defect 43(33.1) 3 10 30
Tetralogy of fallot 22 (16.3) 22
Ventricular septal defect 17 (12.6) 2 5 17
Double outlet right ventricle 7(5.1) 3 4
Patent ductus arteriosus 7 (5.1) 7
Ebstein anomaly 6 (4.3) 6
Partial atrioventricular septal defect 6 (4.3) 1 5
L-transposition of the great arteries 6 (4.3) 2 1 3
Single ventricle 5(3.7) 2 3
Pulmonary atresia with ventricular septal defect, MAPCA 4(2.8) 3 1
Complete atrioventricular septal defect 3(2.1) 3
Tricuspid atresia 3(2.1) 3
Pulmonary stenosis 3(2.1) 3
Truncus arteriosus 2(1.4) 2
D-transposition of the great arteries 1(0.7) 1
Duration after cardiac surgery (years)* 28.4 (14.5) 319(17.2)
Age at surgery (years) * 15.0 (15.2) 18.21 (14.6)

Data are presented as mean (standard deviation). ACHD: adults with congenital heart disease, CHD: congenital heart disease, MAPCA: major

aortopulmonary collateral artery
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ACHD group comprised 90 ACHD patients who did not have
cyanosis after undergoing total correction via cardiac surgery,
regardless of the original CHD. The distribution of original CHD
types in each group is shown in Table 1. The proportion of patients
who underwent surgery in the cyanotic ACHD group was 37.7%.
The mean {standard diviation (SD)} duration after cardiac surgery
was 28.4 (14.5) years in the cyanotic ACHD group and 31.9 (17.2)
years in the surgically corrected ACHD group. There was no
significant difference in the duration after surgery between the two
groups (Table 1). The control group was selected by one-to-one
pairing based on age, gender, and body mass index (BMI) from
patients who visited the Center for Health Promotion at the
Samsung Medical Center during the same period. Study data were
obtained by reviewing electronic medical records. Informed consent
was obtained from the subjects, and the study protocol was
approved by the Institutional Review Board of Samsung Medical
Center.

Cardiovascular risk factors

The variables surveyed as CV risk factors included age, gender,
weight, height, BMI, systolic blood pressure (SBP), diastolic blood
pressure (DBP), total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), fasting blood sugar (FBS), diagnosis of hypertension, and
diagnosis of diabetes. Variables related to healthy behavior included
smoking experience (never, past, current smoker), alcohol use
(normal, hazardous, problematic), and physical activity level.

Blood pressure (BP) was measured three times, and the average
of the second and third BP readings was used in this study. Patients
were defined as having hypertension (HT) if they were taking an
antihypertensive drug, had been clinically diagnosed with HT, or had
either an SBP =140 mmHg or a DBP =90 mmHg. Patients who met
one of the following criteria were defined as having diabetes
mellitus (DM): taking an oral hypoglycemic agent, using insulin, a
clinical diagnosis of DM, or an FBS level>126 mg/dL Patients were
defined as having hypercholesterolemia if they met one of the
following criteria: diagnosis of hypercholesterolemia or a history of
taking medication for hypercholesterolemia, TC>200 mg/dL, or
LDL-C > 130 mg/dL. The following BMI categories” were recognized:
normal (<22.9 kg/m?), overweight (23.0-24.9 kg/m?), and obese
(225.0 kg/m?). With respect to smoking, the subjects were
categorized into those who had never smoked, past smokers, and
current smokers." Alcohol use behavior was categorized according
to the Alcohol Use Disorders Identification Test (AUDIT) score. AUDIT
is a simple tool, developed by the World Health Organization,” to
identify alcohol use behaviors in a primary care setting. The main
items on this instrument are recent alcohol use, alcohol dependence
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symptoms, and alcohol-related problems. The test consists of 10
questions adding up to a total score ranging from 0 to 40; that is,
each question has a set of possible responses, and each response
has a score ranging from 0 to 4. Scores in the range of 0-7
represent low-risk drinking, 8-15 represents a medium-level alcohol
problem, and scores of 216 represent a high-level alcohol problem.”
This study categorized alcohol use into normal use (0-7), hazardous
use (8-15), and problematic use (16-40). Exercise was assessed on a
yes/no basis, where “exercise” meant moderate activity for more
than 30 minutes five days per week, intense activity for more than
20 minutes three days per week,” or walking for more than 30
minutes a day for more than five days per week.

Based on the guidance provided by the National Cholesterol
Education Program - Adult Treatment Panel 11" and the Western
Pacific Region's Asia Pacific Guideline,g) we defined MS when three
or more of the following criteria were satisfied: 1) presence of
hypertension, as determined by SBP =130 mmHg or DBP >85
mmHg, or undergoing active antihypertensive drug therapy; 2) FBS
>100 mg/dL or active use of oral hypoglycemic agents or insulin; 3)
TG levels >150 mg/dL; 4) HDL-C <40 mg/dL in males, <50 mg/dL in
females; and 5) BMI 225 kg/m”."™"®

Statistical analysis

Demographic data and CV risk factors were summarized
descriptively with continuous variables expressed as mean (SD), and
categorical data were presented as percentage frequency. The
general characteristics of subjects and CV risk factors in the
surgically corrected ACHD, cyanotic ACHD, and control groups were
analyzed by one-way analysis of variance or Kruskal -Wallis test
with the Bonferroni method for performing multiple comparisons
of continuous variables. The y” test or Fisher exact test was used to
compare categorical variables. Multiple logistic regression analysis
was employed to determine the association between CV risk factors
in the cyanotic ACHD, surgically corrected ACHD, and control
groups after adjustment for age, gender, smoking, drinking, and
exercise. Results were regarded as statistically significant when the
p value was <0.05. All analyses were performed using statistical
software (SAS 9.3; SAS Institute Inc., Cary, NC, USA).

Results

The mean (SD) age of patients in the surgically corrected ACHD
group was 48.4 (10.9) years, while the mean age of patients in the
cyanotic ACHD group was 43.1 (9.0) years, and that of patients in
the control group was 47.1 (10.3) years (p=0.042). The proportion of
males was 36.7% in the surgically corrected ACHD group, 57.8% in
the cyanotic ACHD group, and 43.7% in the control group
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(p=0.002). The proportion of subjects who had never smoked was  as hazardous was highest in the surgically corrected ACHD group at
highest in the cyanotic ACHD group at 77.8%, and the highest ~ 43.3%, and the highest percentage of problematic alcohol use was
proportion of current smokers was 22.3%, in the control group 16.3% in the control group (p=0.027). The highest proportion of
(p=0.018). The proportion of subjects with alcohol use categorized subjects who exercised was found in the control group (47.4%)

Table 2. General characteristics of patients and cardiovascular risk factors in cyanotic congenital heart disease, surgically corrected congenital heart
disease, and control groups (N=270)

Variables Cyanotic ACHD Surgically corrected ACHD Control "

(n=45) (n=90) (n=135) P
Age (years) 43.1(9.0)° 48.4 (109) 47.1 (10.3)° 0.042
Gender, n (%)

Male 26 (57.8) 33 (36.7)* 59 (43.7)" 0.002
Smoking, n (%)

Never 35(77.8)" 54 (66.1)° 85 (62.9)" 0018

Past 9 (20.0)* 21(23.3)° 20 (14.8)°

Current 10227 15 (16.6)" 30 (22.3)

Alcohol use, n (%)

Normal 35(77.7)° 37 (41.1)° 47 (34.8)°

Hazardous 6 (13.3)¢ 39 (43.3)* 66 (48.9)" 0.027

Problematic 4 (80" 14 (15.6)° 22 (163)°
Exercise, n (%)

Yes 10 (22.2) 33 (37.0° 64 (47.4) <0.001
SBP (mmHg) 110.7 (14.1) 135.4 (15.9) 1283 (16.1) 0.178
DBP (mmHg) 69.1(10.7) 80.2 (12.1) 79.3 (11.4) 0.189
Cholesterol, n (%)

TC (mg/dL) 1709 (27.0)° 192.8 (34.6)° 185.1 (33.1)° <0.001

TG (mg/dL) 106.5 (58.5)° 122.3 (57.3)° 119 (54.3)™ <0.001

LDL-C (mg/dL) 100.6 (28.8)° 1180 (31.6)" 104.1 (22.9)° <0.001

HDL-C (mg/dL) 468 (13.1) 52.9 (12.9/° 58.8 (15.1)" <0.001
FBS (mg/dL) 1035 (21.2)* 99.5 (13.1)® 95.0 (16.1)" <0.001
Hypertension, n (%) 1022 36 (40.3)™ 47 (35.2) <0.001
Diabetes, n (%) 10227 34 (38.5)" 41 (30.3)" <0.001
Hypercholesterolemia, n (%) 3(6.0)™ 35 (38.8)" 47 (34.8) <0.001
BMI, n (o)

Overweight 1022 9(21.1 24(17.7)° <0.001

Obese 1022 28 (31.1)™ 32 (23.7)" <0.001
Metabolic syndrome, n (%) 5(11.1) 33 (36.6)" 33 (24.4) 0015

High BP 3 (6.0 39 (43.3)° 55 (40.7)° <0.001

High FBS 7 (10.2) 37 (41.0)° 48 (35.5)" <0.001

High TG 5(10.1)° 33 (36.6) 48 (35.5)° 0.019

Low HDL-C 6(13.3) 29 (32.2)" 26 (21.4) <0.001
Obese 10227 28 (31.1)° 32 (23.7)" <0.001

*Analysis of variance (ANOVA), Kruskal-Wallis test, %’ test or Fisher exact test for surgically corrected CHD vs. cyanotic CHD vs control groups. p was
calculated by one-way ANOVA or Kruskal-Wallis test and Bonferroni tests for multiple comparisons of continuous variables (p<0.05). *® ‘means with the
same letters are significantly different by Bonferroni test. ACHD: adults with congenital heart disease, SBP: systolic blood pressure, DBP: diastolic blood
pressur, TC: total cholesterol, TG: triglycerides, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, FBS: fasting blood
sugar, BMI: body mass index, BP: blood pressure
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(p<0.001). The cholesterol measurements showed the highest level
of TC, TG, and LDL-C in the surgically corrected ACHD group; FBS
level was highest in the cyanotic ACHD group (p<0.001). The
corrected ACHD group had a higher proportion of subjects with HT,
DM, and hypercholesterolemia than the cyanotic and control group

Table 3. Multivariable analysis of risk factors in patients with congenital
heart disease

Variables OR (95% CI) p
Group

Control 1.0

Cyanotic ACHD 0.46 (0.35-0.57) <0.001

Surgically corrected ACHD 1.48 (1.14-1.92) 0.003
Age 1.05 (1.03-1.05) <0.001
Gender

Female 1.0

Male 2.31(1.90-2.81) <0.001
Smoking

Never 1.0

Past 1.08 (0.95-1.22) 0.238

Current 1.77 (1.54-2.02) <0.001
Alcohol use

Normal 1.0

Hazardous 1.19 (1.02-1.40) 0.029

Problematic 2.14 (1.95-2.35) <0.001
Exercise

Yes 1.0

No 2.29 (1.99-2.59) <0.001

OR: odds ratio, Cl: confidence interval, ACHD: adults with congenital heart
disease

Korean Circulation Journal kCJ

(all p<0.001). In addition, more number of subjects in the surgically
corrected ACHD group were obese than those in the cyanotic ACHD
and control groups (p<0.001). MS had the highest distribution in
the surgically corrected ACHD group. Among the components of
MS, subjects in the surgically corrected ACHD group had higher BP
(p<0.001), higher FBS (p<0.001), higher TG (p=0.019), lower HDL-C
(p<0.001), and were more obese (p<0.001) than those in the other
two groups. The results after Bonferroni correction for multiple
comparisons are shown in Table 2.

There was a tendency for an increased risk of MS in the ACHD
groups with age, male gender, alcohol consumption, and a lack of
exercise. After adjustment for age, gender, smoking, alcohol use, and
exercise, the ORs for MS were 0.46 {95% confidence interval (Cl)
0.35-0.57} and 1.48 (95% Cl 1.14-1.92) in the cyanotic ACHD and
surgically corrected ACHD groups, respectively, with an increase in
the surgically corrected ACHD group (Table 3). Additionally, after
adjustment for risk factors in the surgically corrected ACHD group,
age [OR 2.43, 95% Cl 1.33-4.42)], male gender [OR 2.51, 95% ClI
1.93-4.76), smoking [OR 1.63, 95% Cl 1.05-2.52 in the current
smoking group], alcohol consumption [OR 1.08, 95% Cl 1.06-1.09)
in the hazardous use group; OR 1.96, 95% CI 1.21-2.85) in the
problematic use group] and no exercise [OR 2.31, 95% Cl 1.40-4.55)]
were significantly associated with an increased risk of MS (Table 4).

Discussion

This research was undertaken to provide support for the
development of interventions to lower CV risk factor levels by
identifying these levels in ACHD patients and comparing them with
those in a control group. This is the first time that such a research

Table 4. Multivariable analysis of risk factors in patients with cyanotic congenital heart disease and surgically corrected congenital heart disease

Cyanotic ACHD (n=45)

Surgically corrected ACHD (n=90)

Variables
OR (95% CI) p OR (95% CI) p

Age 1.77 (1.27-4.17) 0.026 2.43 (1.33-4.42) 0.004
Gender (male) 0.07 (0.01-1.47) 0.086 2.51(1.93-4.76) <0.001
Smoking

Never 1.0 1.0

Past 1.21(0.77-3.29) 0.426 1.11(0.73-1.71) 0.091

Current 1.58 (0.89-4.05) 0.590 1.63 (1.05-2.52) 0.031
Alcohol use

Normal 1.0 1.0

Hazardous 1.09 (0.93-4.84) 0.382 1.08 (1.06-1.09) <0.001

Problematic 1.97 (0.14-9.67) 0.397 1.96 (1.21-2.85) 0.004
Exercise (No) 1.11(0.73-3.71) 0.194 2.31(1.40-4.55) 0.008

ACHD: adults with congenital heart disease, OR: odds ratio, Cl: confidence interval
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www.e-kcj.org



u
kCJ Korean Circulation Journal

has been undertaken in Korea. According to the results of this study,
the surgically corrected ACHD group had higher levels of risk factors
as compared with the control group, but the cyanotic ACHD group
had lower levels of risk factors than the control group.
Atherosclerotic CVD is the main cause of mortality in the adult
population, and the atherosclerotic process, together with various
risk factors, is closely related to lipid concentrations.” Of these risk
factors, being overweight and obese have positive correlations with
high lipid levels and total cholesterol, and have negative correlations
with HDL-C.** In addition to obesity, a lack of physical activity is
also associated with the accumulation of fat and metabolic changes.

Vasconcelos et al.*”

reported that, compared with inactive or
sedentary peers, active adults had lower total cholesterol and TG
levels. Moreover, Varady et al.*” stated that through lifestyle
changes, including diet and exercise, most adults could significantly
decrease their lipid levels and atherosclerotic risk. However, because
there was a belief that physical activity or exercise may have a
negative influence on their cardiac condition, ACHD patients had a
tendency to avoid physical activity or exercise.”” This finding is in
partial agreement with the results of our study. Patients in the
surgically corrected ACHD group, who exercised less than those in
the control group, were more obese and had higher lipid levels. In
addition, subjects in the surgically corrected ACHD group had
increased risk of hypertension, diabetes, hyperlipidemia, and MS
than those in the control group. Therefore, active management of
obesity and lipid levels through diet and customized exercise
prescriptions, taking into account the patient's cardiac condition,
may reduce the prevalence of hypertension, diabetes, and
hyperlipidemia.

Unlike the patients in the surgically corrected ACHD group, those
in the cyanotic ACHD group in the present study had a significantly
lower risk of high lipid levels, including LDL-C, hyperlipidemia,
diabetes, hypertension, and metabolic disorder compared to those
in the other two groups. This result is in agreement with the finding
of the study by Martinez-Quintana et al.*” which suggested that
patients with cyanosis had significantly lower levels of TC and LDL-C
compared with patients without cyanosis. Hypocholesterolemia can
be explained by the genetic determinants of cyanosis, hypoxemia,
erythrocytosis and, related factors. In addition, the lower prevalence
of coronary atherosclerosis in the cyanotic ACHD group might be
explained by hypocholesterolemia, along with the upregulation of
nitric oxide, hyperbilirubinemia, and a lower platelet count.*”

There are still some controversies about glucose levels. Hait et
al”” reported that glucose levels could be high in patients with a
left-to-right shunt lesion such as ASD, VSD, and atrioventricular
septal defect as well as even in cyanotic patients including those
with Eisenmenger syndrome due to excessive clearance of insulin by
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the lungs. However, Lundell et al® suggested that cyanotic patients
can also have lower glucose levels when fasting because of chronic
increases in circulating catecholamines and poor nutrition. In our
study, cyanotic patients including patients with Eisenmenger
syndrome showed significantly higher glucose levels than those in
the other two groups. These cyanotic patients could have unstable
glucose levels; hence, they require continuous monitoring and
nutritional management.

This study showed that the risk of MS in patients of the surgically
corrected ACHD group was 1.48 times higher than that in patients
of the control group, and that the risk factors included age, gender,
lack of exercise, alcohol consumption, and smoking. These factors
were the already known risk factors for an increase in MS and they
were controllable factors.”Therefore, during follow-up in the ACHD
outpatient clinic, identifying the patient's risk factors, and
developing as well as applying tailored intervention which allows
self-management of the risk factors may contribute to the
prevention of MS in ACHD patients. In a manner similar to that in
which hypertension can persist after total correction of coarctation
of the aorta, adverse sequelae of a CV event can persist after CHD
treatment. For these reasons, patients with CHD need proactive
evaluation of CV risk factors and more frequent follow—ups.zg)

Our study has a number of limitations. First, there were significant
differences in the age and gender between the participant groups.
To minimize the effect of age and gender, an adjusted analysis was
conducted. Second, the surgically corrected ACHD group included
patients who underwent total correction, irrespective of whether
the original CHD morphological classification diagnosis was

19 there was a

acyanotic or cyanotic CHD. According to Fyfe et a
significant difference between postsurgical patients with cyanotic
ACHD and those with acyanotic ACHD; lipid levels increased in only
11% of the cyanotic patients who had hypocholesterolemia before
surgery. The present study did not consider the pre- and
postsurgical characteristics of the cyanotic patients in the analyses.
Thus, it is advisable to differentiate between acyanotic and cyanotic
surgically corrected ACHD patients in follow-up studies. Third,
Steinberger et al."” stated that the atherosclerotic process begins in
childhood and progresses slowly into adulthood, and that lipid levels
in childhood are linked to lipid levels and obesity in adulthood.””
However, the present study measured the lipid levels and obesity at
only one time point during adulthood. Therefore, it is advisable to
conduct a longitudinal study of risk factors including lipid levels and
obesity from childhood to adulthood.

Conclusion

On comparing the CV risk factors between the surgically corrected
ACHD, cyanotic ACHD, and control groups, the patients in the
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surgically corrected ACHD group demonstrated lower exercise levels,
higher lipid levels, and increased obesity compared with the controls
and they showed higher risk of hypertension, diabetes, and
hyperlipidemia. On the other hand, the patients in the cyanotic
ACHD group showed lower risk of all lipid levels, hypertension,
diabetes, hyperlipidemia, and metabolic disorder than the controls.
Therefore, for patients with surgically corrected ACHD, there is a
need to develop intervention programs and guidelines for managing
risk factors, including obesity and lipid levels.
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