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Abstract

Atherosclerosis has been correlated with known cardiovascular risk factors such as serum glucose or lipid levels. Because congenital heart
disease patients tend to survive until adulthood, atherosclerosis has also become a matter of concern in these patients. One hundred fifty-eight
congenital heart disease patients and 152 patients selected at random from the population were studied and compared to determine serum
glucose, total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein cholesterol, and triglycerides levels. Both
groups had similar socioeconomic status levels and the same environmental influences. Significant differences were seen between congenital
heart disease patients and the control group, after sex, age, and body mass index adjustment, in fasting plasma glucose (97.7 [94.2-101.2] vs
86.9 [83.2-90.7], P b .001), total cholesterol (171.5 [165.7-177.3] vs 199.8 [90.7-206.0], P b .001), LDL cholesterol (103.9 [98.8-108.8] vs
123.8 [118.5-129.1], P b .001), and high-density lipoprotein cholesterol (48.1 [46.2-50.0] vs 54.2 [52.1-56.2], P b .001) levels.
Nonsignificant differences were seen in triglycerides concentrations. Those patients with ventricular septal defect, coarctation of the aorta,
and cyanosis had the lowest total cholesterol and LDL cholesterol concentrations. Congenital heart disease patients have lower plasma
cholesterol concentrations and higher serum glucose levels than noncongenital ones.
© 2010 Elsevier Inc. All rights reserved.
1. Introduction

Early lesions of coronary heart disease patients have been
correlated with known cardiovascular risk factors such as
concentrations of total cholesterol, low-density lipoprotein
(LDL) cholesterol, or impaired glucose tolerance [1,2].
Prevention and early diagnosis of atherosclerotic disease are
the essential objectives in the field of cardiovascular disease
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because it is the main cause of mortality in developed
countries.

Although a few decades ago only a minority of patients,
particularly those with complex congenital heart disease and
cyanosis, reached adulthood, progress in pediatric cardiol-
ogy and cardiac surgery has allowed a larger survival of the
majority. That is why lipid levels and serum glucose
concentrations have also become a matter of concern in
these patients.

Although other studies have focused to some extent on
serum glucose [3] and lipid concentrations [4,5] in
congenital heart disease patients, none of them has compared
congenital patients with a general population of similar
socioeconomic conditions.

The aim of the study is to estimate and compare serum
glucose and lipid levels in congenital heart disease patients
and an age-stratified random sample of the community with
similar socioeconomic status levels and the same environ-
mental influences.
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2. Methods

One hundred fifty-eight congenital heart disease patients
(cases) and 152 patients selected at random from the same
area of Gran Canaria Island (Spain) (controls) were studied
and compared.

Case patients were obtained from the Adult Congenital
Heart Disease Unit of the Complejo Hospitalario Universi-
tario Insular-Materno Infantil of Gran Canaria. Inclusion
criteria were being older than 14 years and having a
structural congenital heart disease. All patients were white,
and all of them or their parents gave their informed consent
for participation in the study.

Control patients were selected from the Telde study
population [6] at random according to year strata and sex,
proportionally to the population. The city of Telde was
chosen for the survey because its population was deemed to
be representative of that of the entire Canarian community.
Names and addresses were provided by the Canarian
Institute of Statistics. The selected individuals received
personalized letters informing them about the objectives of
the study. Later, they were visited at home by a field worker.
After providing informed consent, all the people who agreed
to participate completed a survey questionnaire and were
informed about the site and procedural details of the physical
examination and blood sampling. Although the initial target
Table 1
Types of congenital heart diseases

Type of congenital malformations n (%)

Ventricular septal defect 25 (15.8)
Tetralogy of Fallot 17 (10.8)
Coarctation of the aorta 16 (10.1)
Partial atrioventricular septal defect 12 (7.6)
Pulmonary stenosis 12 (7.6)
Atrial septal defect 11 (7.0)
Univentricular heart 8 (5.1)
D-Transposition of the great arteries 8 (5.1)
Aortic stenosis 6 (3.8)
L-Transposition of the great arteries 6 (3.8)
Bicuspid aortic valve 4 (2.5)
Pulmonary atresia 4 (2.5)
Ebstein anomaly 4 (2.5)
Double outlet right ventricle 4 (2.5)
Hypertrophic myocardiopathy 4 (2.5)
Ductus 3 (1.9)
Mitral regurgitation 3 (1.9)
Mitral valve prolapse 3 (1.9)
Complete atrioventricular septal defect 2 (1.3)
Systemic venous anomaly 1 (0.6)
Tricuspid atresia 1 (0.6)
Aortic regurgitation 1 (0.6)
Subaortic stenosis 1 (0.6)
Idiopathic pulmonary artery aneurysm 1 (0.6)
Anomalous pulmonary venous connection 1 (0.6)
Total 158 (100)

A, cyanotic patients not operated; B, cyanotic patients rendered acyanotic by ope
after operation.
population was adults older than 30 years, we only included
those between 30 and 35 years old as an age-stratified
random sample of the community in our study.

Congenital heart disease patients were studied as a whole
and according to the most frequent types of congenital
malformations (atrial septal defect, ventricular septal defect,
partial and complete atrioventricular septal defect, coarcta-
tion of the aorta, pulmonary stenosis, tetralogy of Fallot, and
dextro- and levo-transposition of the great arteries). In
addition, 4 groups of congenital heart disease patients were
made in relation to the existence of cyanosis or acyanosis
with or without operation (group A, cyanotic patients not
operated on; group B, cyanotic patients rendered acyanotic
by operation; group C, acyanotic patients not operated on;
and group D, acyanotic patients before and after operation).

After an overnight fast of at least 10 hours, blood samples
were drawn for the measurements (in milligrams per
deciliter) of plasma glucose, total cholesterol, LDL choles-
terol, high-density lipoprotein (HDL) cholesterol, and
triglycerides (TG). Serum glucose and lipid levels were
determined by spectrophotometric methods using an Olym-
pus AU 2700 (Olympus Diagnostic, Hamburg, Germany) in
congenital heart disease patients and a Dimension RxL
autoanalyzer (Dade-Behring, Liederbach, Germany) in the
control group. Serum glucose and lipid levels were measured
and compared with both analyzers, with no significant
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Table 2
Demographic, clinical, and analytical data of congenital heart disease patients (cases) and the control population

Cases (158) Controls (152) P

Age (y) 28.3 (16.4-51.6) 33 (30-35) .000
Sex (male) 94 (59.5) 49 (32.2) .000
Height (cm) 167.34 ± 12.06 167.62 ± 8.58 .821
Weight (kg) 69.46 ± 19.18 74.74 ± 17.41 .015
BMI 24.66 ± 5.60 26.44 ± 5.07 .005
Diabetes 5 (3.16) 5 (3.28) .948
Serum glucose (mg/dL) 97.06 (78.90-121.25) 86.85 (72.65-107.00) .000
Total cholesterol (mg/dL) 169.28 ± 37.26 199.86 ± 35.43 .000
LDL cholesterol (mg/dL) 101.67 ± 30.59 123.94 ± 32.47 .000
HDL cholesterol (mg/dL) 47.83 ± 11.73 55.61 ± 13.82 .000
TG (mg/dL) 98.49 ± 49.11 99.32 ± 77.66 .991

The values are expressed as mean ± standard deviation or median and quartile values (5-95); and qualitative variables, as percentages of the total.

1644 E. Martínez-Quintana et al. / Metabolism Clinical and Experimental 59 (2010) 1642–1648
differences between either of them and with both instruments
keeping the same reference values. The LDL cholesterol (in
milligrams per deciliter) was determined with the Friedewald
formula (LDL = total cholesterol − [HDL + TG/5]).
Fig. 1. Analysis of covariance, adjusted for age and sex, in congenital heart diseas
milligrams per deciliter. A, Serum glucose. B, Total cholesterol. C, Low-density l
Weight and height were measured without shoes and in
light clothing. Body mass index (BMI) was determined as
weight/height2. Congenital heart disease patients were
classified as cyanotic when basal oxygen hemoglobin
e patients and the control population (noncongenital). Data are expressed in
ipoprotein cholesterol. D, High-density lipoprotein cholesterol.



Table 3
Glucose and lipid levels in male and female congenital heart disease patients and the control population

Type (n) Sex Glucose Total cholesterol LDL cholesterol HDL cholesterol TG

Congenital Male (94) 99.91 (95.47-104.35) 166.68 (159.35-174.02) 100.49 (94.17-106.80) 44.54 (42.08-47.00) 108.29 (95.56-121.03)
Female (64) 95.42 (90.05-100.78) 176.39 (167.52-185.26) 107.07 (99.44-114.70) 51.69 (48.72-54.66) 87.52 (72.13-102.91)
Total (158) 97.66 (94.16- 101.17) 171.54 (165.74-177.33) 103.78 (98.79-108.76) 48.11 (46.17-50.05) 97.90 (87.85-117.44)

Control Male (49) 90.37 (84.24-96.49) 203.70 (193.57-213.83) 127.80 (119.08-136.51) 48.94 (45.55-52.33) 131.45 (113.87-149.02)
Female (103) 83.60 (79.35-87.84) 195.98 (188.96-203.00) 119.84 (113.80-125.88) 59.40 (57.04-61.75) 81.91 (69.73-94.09)
Total (152) 86.98 (83.23-90.73) 199.84 (90.73-206.04) 123.82 (118.48-129.15) 54.17 (52.09-56.24) 106.68 (95.92-117.44)

Congenital heart disease patients had higher glucose concentration and lower total cholesterol, LDL cholesterol, and HDL cholesterol levels than control patients
(P b .001). Male congenital heart disease patients had lower HDL cholesterol (P b .001) and higher TG (P = .008) levels than female congenital patients. Male
control patients had higher glucose (P = .022) and TG levels (P b .001) and lower HDL cholesterol (P b .001) than female control patients. Covariates in
multivariate ANCOVA are evaluated for an age of 30.77 years and a BMI of 25.58. The values are expressed as mean and 95% confidence intervals. Data are
expressed in milligrams per deciliter.
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saturation was less than or equal to 90%. Diabetes was
defined by patients receiving oral hypoglycemic agents or
insulin for the control of hyperglycemia.

The values are expressed as mean ± standard deviation or
median and quartile values (5-95); and qualitative variables,
as percentages of the total. The association between
categorical variables was evaluated using the Pearson χ2

test and the Student t test for continuous data. The Mann-
Whitney U nonparametric test was used to compare 2
nonrelated samples when the assumption of normality or
equality of variance was not met. Serum glucose, total
cholesterol, LDL cholesterol, HDL cholesterol, and TG
values were evaluated using a multivariate general lineal
model analysis of covariance (ANCOVA), adjusted for a P
value level of .05. Case vs controls, the different types of
congenital abnormalities, sex, age, and BMI were used as
independent variables. Data were expressed as mean and
95% confidence interval. Significance was established as P
b .05. The data analyses were performed with SPSS 15.0
(Chicago, IL).
3. Results

One hundred fifty-eight consecutive congenital heart
disease patients seen in the Adult Congenital Heart Disease
Table 4
Glucose and lipid levels of the different types of congenital abnormalities

Type (n) Glucose Total cholesterol LDL

ASD (11) 100.72 (79.22-122.21) 184.23 (159.58-208.88) 107.4
VSD (25) 103.50 (90.95-116.06) 165.98 (151.59-180.38) 100.7
AVSD (14) 96.43 (79.29-113.56) 182.68 (163.03-202.33) 111.7
PE (12) 92.98 (74.13-111.84) 171.05 (149.42-192.67) 105.0
CoAo (16) 93.62 (77.21-110.03) 165.46 (146.64-184.28) 98.1
TGA (14) 102.79 (79.85-112.32) 186.54 (159.96-213.12) 113.4
TF (19) 96.08 (79.61-125.97) 171.97 (153.36-190.59) 103.5

Covariates in multivariate ANCOVA are evaluated for an age of 29.44 years an
intervals. Data are expressed in milligrams per deciliter. ASD indicates atrial se
defect (partial and complete); PE, pulmonary stenosis; CoAo, coarctation of the
tetralogy of Fallot.

⁎ AVSD patients had significantly lower HDL cholesterol levels than patient
† AVSD patients had higher TG levels than VSD, PE, CoAo, and TF patien
Unit at the Complejo Hospitalario Universitario Insular-
Materno Infantil of Gran Canaria between September 2008
and November 2009 and 152 patients from the Telde study
population were studied and compared.

Table 1 shows the different types of congenital
abnormalities, those who were cyanotic or acyanotic at
birth, or those who had cardiac surgical intervention. Table 2
shows demographic, clinical, and analytical data of case and
control patients. Eleven patients had Down syndrome
associated with a congenital heart disease: 7 patients had
atrioventricular septal defect, 3 patients had ventricular
septal defect, and 1 patient had a mitral valve prolapse. Five
patients in the case group developed diabetes: 4 patients had
type 2 diabetes mellitus, 3 patients were taking oral
antidiabetic agents, and 1 patient was undergoing insulin
treatment because of a severe pancreatitis. Another patient
with Down syndrome and a ventricular septal defect
developed type 1 diabetes mellitus. No congenital heart
disease patients were under hypercholesterolemic treatment.

Case patients had higher glucose concentration and lower
total cholesterol, LDL cholesterol, and HDL cholesterol
levels than control ones (P b .001) after sex, age, and BMI
adjustment (Fig. 1). In the case group, male patients had
lower HDL cholesterol concentrations (P b .001) and higher
TG levels (P = .008) than female patients. Similarly, in the
control group, male patients had higher glucose (P = .022)
cholesterol HDL cholesterol TG

2 (86.58-128.26) 54.66 (46.88-62.43) 110.43 (79.50-141.369
3 (88.57-112.90) 47.27 (42.73-51.81) 90.02 (71.96-108.08)
9 (95.18-128.40) 42.03 (35.84-48.23)⁎ 141.67 (117.02-166.33)†

0 (86.72-123.28) 50.15 (43.33-56.97) 79.45 (52.31-106.59)
4 (82.23-114.05) 50.78 (44.85-56.71) 82.73 (59.12-106.35)
9 (91.02-135.96) 49.32 (40.94-57.70) 118.71 (85.36-152.07)
5 (87.81-119.29) 50.07(44.20-55.94) 91.60 (68.23-114.96)

d a BMI of 24.40. The values are expressed as mean and 95% confidence
ptal defect; VSD, ventricular septal defect; AVSD, atrioventricular septal
aorta; TGA, transposition of the great arteries (D-TGA and L-TGA); TF,

s with ASD and CoAo (P b .05).
ts (P ≤ .005).



Table 5
Glucose and lipid levels in cyanotic and noncyanotic congenital heart disease patients

Type (n) Glucose Total cholesterol LDL cholesterol HDL cholesterol TG

A (17) 102.11 (89.40-114.83) 152.14 (135.13-169.15)⁎ 89.94 (76.11-103.78)⁎ 45.12 (39.77-50.47)⁎ 85.05 (62.07-108.04)
B (34) 97.96 (88.57-107.36) 169.59 (157.01-182.16) 103.56 (93.34-113.79) 45.04 (41.09-49.00) 104.83 (87.85-121.82)
C (59) 95.34 (88.41-102.27) 171.70 (162.42-180.97) 103.53 (95.99-111.07) 50.36 (47.45-53.28) 88.99 (76.46-101.51)
D (48) 95.87 (88.44-103.30) 176.91 (166.97-186.85) 106.19 (98.11-114.28) 49.45 (46.32-52.58) 91.74 (91.74-118.61)
A + B (51) 99.03 (91.54-106.53) 162.88 (152.63-173.12) 98.29 (89.98-106.61) 44.86 (41.70-48.02)† 98.44 (84.51-112.38)
C + D (107) 95.56 (90.53-100.59) 173.70 (166.82-180.58) 104.44 (98.86-110.02) 49.96 (47.83-52.08) 95.91 (86.55-105.26)

Covariates in multivariate ANCOVA are evaluated for an age of 29.04 years. The values are expressed as mean and 95% confidence intervals. Data are expressed
in milligrams per deciliter.

⁎ A patients had significantly lower total cholesterol concentrations than C patients, lower LDL levels than D patients, and lower HDL cholesterol
concentrations than C patients (P b .05).

† A + B patients had significantly lower HDL cholesterol levels than C + D patients (P b .005).
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and TG concentrations (P b .001) and lower HDL cholesterol
levels (P b .001) than female patients (Table 3).

In relation to serum glucose and lipid levels in the
different types of congenital malformations, the only
subgroup that obtained significant differences when com-
pared with the rest, after sex, age, and BMI adjustment, was
the atrioventricular septal defect one. Atrioventricular septal
defect patients had significantly lower HDL cholesterol
levels than patients with atria septal defect (P = .015) and
coarctation of the aorta (P = .044) and higher TG levels than
ventricular septal defect (P = .001), pulmonary stenosis (P =
.001), coarctation of the aorta (P = .001), and tetralogy of
Fallot (P = .005) patients (Table 4).

In cyanotic and noncyanotic patients, after sex and age
adjustment, those in group A had significantly lower total
cholesterol (P = .049) and HDL cholesterol concentrations
(P = .034) than those in group C and lower LDL cholesterol
levels (P = .047) than those in group D. When A and B
groups were taken together, this new group had significantly
lower HDL cholesterol levels than group C plus D (P = .009)
(Table 5). In relation to sex, male patients in groups A, B, C,
and D had lower HDL cholesterol levels (44.90 [42.1-47.34]
vs 50.10 [47.03-53.10], P = .010) and higher TG concentra-
tions (105.77 [95.12-116.42] vs 86.25 [73.09-99.42], P =
.024) than female patients. Similarly, this occurred when
groups A and B were compared with groups C and D. In
group A, 14 patients had pulmonary hypertension with
Eisenmenger syndrome.
4. Discussion

Congenital heart disease, with its incidence of approxi-
mately 6 to 8 per 1000 live births, is the single most common
major congenital abnormality. Although some years ago
congenital heart disease patients did not survive until
adulthood, the situation has now been transformed by
advances in medical and surgical care during childhood; and
a majority can expect to survive into adulthood.

Compelling evidence shows that the atherosclerotic
process begins in childhood and progresses slowly into
adulthood, being closely related with cholesterol concentra-
tions. That is why lipid levels have also become a potential
matter of concern in congenital heart disease patients. Many
factors have been involved in lipid concentrations.

Overweight during childhood has been proposed as one
of the mechanisms related to raised lipid levels, weight gain
up to adulthood being associated positively with total
cholesterol and negatively with HDL cholesterol. In this
context, Kajantie et al [7] reported that weight gain during
infancy was associated with higher total cholesterol and LDL
cholesterol concentrations in adulthood. In addition, other
studies have found that there are critical periods in early
childhood related to an atherogenic lipid profile [8]. Obesity
has also been associated with an unfavorable effect on
concentration of lipids [9]. In our series, although we had no
information about weight gain, the existence of a lower BMI
in our congenital patients associated with a lower weight
gain usually seen during childhood [10,11] could explain
why congenital patients have lower lipid levels. However,
weight per se is unlikely to be a major variable in
determining lipid concentrations.

Physical inactivity in adolescence has also been related to
fat accumulation and development of metabolic changes.
Vasconelos et al [12], for example, found that more active
young men showed lower total cholesterol and TG levels in
comparison with their moderately active and sedentary peers.
Similarly, Barnard [13] reported that most adults can
significantly reduce serum lipid values and the risk of
atherosclerosis through lifestyle modification consisting of
diet and exercise. Although congenital heart disease patients
tend to limit exercise because of the belief that physical activity
or training may have a negative impact on them [14,15], the
sedentary lifestyle of the normal population could limit the
exercise benefit effect in noncongenital patients [16].

Age and sex have also been associated with cholesterol
levels in young and middle-aged adults. Rao and Sastry [17]
determined that serum lipid levels increased gradually with
age until the end of the fourth decade, remaining almost
unchanged afterward. Similarly, sex has been related to lipid
levels [18,19], although in our series, and as seen in other
studies [20,21], we did not find significant differences in
total cholesterol or LDL cholesterol levels between male and
female patients of both groups studied.
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In the group of congenital heart disease patients, the only
subgroup that obtained a significant difference in lipid levels
was the atrioventricular septal defect one. This could be
explained by the high percentage of patients with Down
syndrome seen with this congenital malformation. Similarly,
other studies have obtained decreased serum HDL choles-
terol concentrations [22] and increased TG levels [22,23] in
Down syndrome patients.

In relation to cyanosis, and as seen in our series,
previous studies have determined that cyanotic patients
have significantly lower total cholesterol and LDL choles-
terol levels than acyanotic ones, suggesting related variables
that might account for hypocholesterolomia such as
cyanosis, hypoxemia, erythrocytosis, and genetic determi-
nants [4]. In addition to all these possible effects, the recent
discovery of cholesterol's involvement in embryo- and
morphogenesis through its role in protein signal transduc-
tion proteins seems also to provide an explanation for the
clinical overlap in the pathogenesis of various malformation
and cholesterol levels [24].

With regard to plasma glucose concentrations, previous
studies have reported that patients with left to right shunt,
such as atrial, ventricular, or atrioventricular septal defects,
have higher serum glucose levels than control ones due to an
excessive clearance of insulin by the lung [3]. Similarly,
patients with Eisenmenger syndrome can develop higher
glucose levels in this context. However, cyanotic patients
can also have lower fasting glucose levels due to chronic
increases in circulating catecholamines and impaired nutri-
tional status [25]. In patients with Down syndrome, the
prevalence rate of type 1 diabetes mellitus is thought to be
more. Anwar et al [26] calculated that the prevalence of
diabetes in Down syndrome patients could be between 1.4%
and 10.6%, a prevalence considerably higher than that in the
general population.

Although we had the limitation of using 2 different
analyzers in the case and control groups, the existence of no
significant differences in the samples of aliquots split
measured by each instrument allows us to have an accurate
and comparable determination of serum glucose and lipid
levels in both populations. Furthermore, it is important to
emphasize that the prevalence of diabetes and metabolic
syndrome in the Canary Islands is greater than that observed
in most other European populations [6,27].

Patients with congenital heart disease should be closely
followed up because their congenital abnormalities make
their hearts more vulnerable to both the development of
atherosclerosis and the adverse sequelae of a cardiovascular
event. A sedentary lifestyle and the propensity to obesity in
our current obesogenic environment are risk factors for
accelerated atherosclerosis. This is particularly true in
patients with coarctation of the aorta who usually have
related systemic hypertension that may persist after
correction. That is why it seems prudent to be aggressive
about the evaluation of their cardiovascular disease risk
status [28].
Further investigation should be carried out to understand
and explain serum glucose and lipid levels in congenital
heart disease patients ruling out other clinical and genetic
risk factors that could play an import role in these findings.
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