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Abstract

Introduction: As congenital patients get older, it can be hypothesised that cardiovas-
cular risk factors increase.

Methods: Retrospective study of congenital heart disease (CHD) patients attended
between January 2008 and September 2018. Cardiovascular risk factors, myocardial
infarction, stroke, peripheral vascular disease, and analytical data such as serum glu-
cose and lipid profile were determined.

Results: Eight hundred and eighteen CHD patients and 1955 control patients matched
for age and sex were studied. CHD patients were distributed in simple (462 patients),
moderate (228 patients) and great (128 patients) complexity. Median age in CHD pa-
tients was 33 (25-41) years old and 56% were male. CHD patients were significantly
more hypertensive and diabetic but less dyslipidemic and smokers than patients in
the control group. Twenty-seven (3.3%) CHD patients had an arterial thrombotic
event: 3 coronary, 22 neurological and 2 peripheral vascular disease. No significant
differences were seen in the incidence of myocardial infarction between the con-
trol and the CHD groups. However CHD patients had a significant higher incidence
of arterial thrombotic events (coronary, neurological and peripheral vascular events)
at the expense of strokes and transient ischaemic attacks (22 vs 2 events in CHD
and control patients, respectively). Also, no significant differences were seen in age,
sex, BMI, arterial hypertension, diabetes mellitus, dyslipidemia, smoking habit, serum
glucose, total and LDL cholesterol, statin treatment, myocardial infarction and arte-
rial thrombotic events according to CHD complexity. Being older and having arterial
hypertension, diabetes mellitus, dyslipidemia and smoking habit were more frequent
among CHD patients with arterial thrombosis.

Conclusions: Congenital heart diseases are more hypertensive and diabetic but less
dyslipemic and smokers than patients in the control group. CHD patients have a
higher incidence of neurological events but not of myocardial infarction in relation

to the control population.
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1 | INTRODUCTION

Atherosclerosis is a cumulative process, starting at a fairly young
age. In fact, the risk of coronary artery disease increases markedly
with age1 and currently evidence suggests that physical inactivity,
obesity, diabetes and arterial hypertension may be at least as preva-
lent in patients with congenital heart disease (CHD) as in the general
population.?® Identification and control of cardiovascular risk fac-
tors may contribute to reduce ischaemic heart disease, heart failure
and sudden death in CHD patients.

The aim of this study is to determine the incidence of cardiovas-
cular risk factors and arterial thrombotic events (coronary, neurolog-
ical and peripheral vascular disease) in CHD patients and an age and
sex matched control population of a similar geographical area and a
similar socioeconomic status.

2 | METHODS

Retrospective study of CHD patients attended at our CHD unit
between January 2008 and September 2018. The inclusion cri-
teria specified patients older than 14 years with a structural
congenital heart disease. Clinical data were acquired from pa-
tient records and CHD was verified by echocardiography, car-
diovascular magnetic resonance and/or cardiac catheterisation.
Patients with more than one defect were classified according to
the prevalent lesion from a clinical and/or haemodynamic point
of view. Consistent with published classification schema, cardiac
defects were categorised as simple, of moderate complexity, or
of great complexity.? Also CHD patients were divided into differ-
ent groups according to the time of surgery (non-operated on,
operated on in childhood, operated on in adulthood or treated by
percutaneous approach) and the existence or not of associated
cyanosis.

Control patients were obtained consecutively among patients
attending the outpatient clinic of the community health centres
of the same geographical area, between July and December 2017
because of trivial processes such as anxiety, palpitations, skin rash,
itching, pain in muscles and back or common cold and matched for
age and sex.

Clinical follow-up data in CHD patients were obtained from me-
dial history or telephone interviews. Stroke was defined as an acute
episode of focal cerebral, spinal or retinal dysfunction caused by
infarction of central nervous system tissue, transitory ischaemic at-
tack (TIA) as a transient episode of neurological dysfunction caused
by brain, spinal and/or retinal ischaemia without acute infarction,
myocardial infarction when there was evidence of myocardial ne-
crosis in a clinical setting consistent with myocardial ischaemia and
peripheral vascular disease referred to any disease or disorder of the
peripheral circulatory system that required acute revascularisation
or hospitalisation.5 The protocol of the study was approved by the

Hospital's Ethics Committee.

What's known

e The prevalence of coronary heart disease in adults with
CHD has been variably reported in the literature with
very heterogeneous results.

What's new

e We determine and compare the incidence of classic car-
diovascular risk factors and arterial thrombotic events
in CHD patients with an age- and sex-matched control
population of a similar geographical area and a similar
socioeconomic status.

e This allows us to make a more accurate comparison of

congenital patients with a normal population.

2.1 | Clinical and analytical data

Arterial hypertension was defined as office systolic blood pres-
sure values 2140 mm Hg and/or diastolic blood pressure values
290 mm Hg according to the 2018 ESC/ESH Guidelines® or if
the patient was receiving medication for arterial hypertension.
Diabetes mellitus when fasting blood glucose levels was >126 mg/
dL or the patient was treated with oral anti-diabetic agents or in-
sulin.” Patients were defined as having dyslipidemia if their LDL
cholesterol level was above 130 mg/dL or the patients were under
statin treatment.® The patient was classified as smoker if at the time
of inclusion he/she was an active smoker. Body weight and height
were measured with the patients wearing light clothes and barefoot
and body mass index (BMI) was determined as weight (kg)/[height
(m) height (m)].

Blood samples were collected for subsequent laboratory anal-
ysis after an overnight fast of at least 10 hours. All blood samples
were processed immediately after sampling. Serum glucose (nor-
mal values: 70-110 mg/dL), total cholesterol (20-220 mg/dL), LDL
cholesterol (0-155 mg/dL), HDL cholesterol (35-65 mg/dL) and
triglycerides (30-200 mg/dL) were measured by spectrophotom-
etry with an Olympus AU 2700 equipment (Olympus Diagnostic,
Hamburg, Germany).

2.2 | Statistical analysis

Quantitative variables were expressed as mean + standard devia-
tion or median and quartiles (25;75). Qualitative variables were
expressed in percentages. A normal distribution was tested using
the Kolmogorov-Sirmov test. Possible associations between cat-
egorical variables were evaluated by using the Pearson chi-square
test. Continuous data were compared by Student’s t-test or Mann-
Whitney test for variables with or without normal distribution,
respectively. Kruskal-Wallis non-parametric test was used to de-
termine whether the medians of two or more groups were differ-

ent. Binary logistic regression analysis was performed to compare
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CHD patients with and without arterial thrombosis with those in-
dependent variables that had a p < 0.05 in the univariate analysis.
The results were expressed as odds ratios (ORs) with their 95%
confidence intervals (Cls). A p < 0.05 was considered statically
significant. Data analysis was carried out using SPSS 19.0 (SPSS,
Chicago, IL).

3 | RESULTS

Eight hundred and eighteen CHD patients and 1955 control pa-
tients were included in the study. Table 1 shows CHD classification.
According to complexity, CHD patients were distributed in simple
(462 patients), moderate (228 patients) and great (128 patients)
complexity.

Table 2 compares demographic, clinical and analytical data be-
tween CHD patients and the control population. CHD patients were
significantly more hypertensive and diabetic but less dyslipidemic
and smokers than patients in the control group. Meanwhile, control

patients had significant higher serum glucose concentration and lipid

TABLE 1 Congenital cardiac classification system guided by the

report of the 32nd Bethesda Conference®

Types of congenital heart disease according to Number of

complexity patients

Simple complexity 462
Aortic valve disease 69
Pulmonary valve disease 81
Atrial septal defect 90
Ventricular septal defect 139
Ductus 22
Other simple defects 61

Moderate complexity 228
Subvalvular or supravalvular aortic stenosis 27
Coarctation of the aorta 63
Subvalvular or supravalvular pulmonary stenosis 12
Tetralogy of Fallot 66
Ebstein 8
Atrioventricular septal defects 48
Sinus venosus septal defect 4

Great complexity 128
Dextro transposition of the great arteries 32
Levo transposition of the great arteries 13
Pulmonary atresia 9
Single ventricle 12
Double outlet right ventricle 14
Eisenmenger syndrome 40
Tricuspid atresia 6
Trucus arteriosus 2

Total of CHD 818
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profile levels than CHD patients although both parameters were
within normal limits in both groups. In relation to medical treatment
patients in the CHD group used more oral anticoagulation, aspirin,

betablockers, angiotensin converting enzyme (ACE) inhibitor and

TABLE 2 Demographic, clinical and analytical data in CHD
patients and the control population

Control
CHD population p value
n 818 1955
Age (years) 33 (25-41) 30 (22-42) 0.101
Sex (male), n 460 (56) 1052 (53) 0.229
Arterial hyperten- 101 (12) 186 (10) 0.022
sion, n
Diabetes mellitus, n 36 (4) 48 (2.5) 0.005
Type 1 4 (0.5) 10 (0.4)
Type 2 under oral 25 (3) 35(2)
antidiabetics
Type 2 with insulin 7 (1) 3(0.2)
Dyslipidemia, n 117 (14) 481 (25) <0.001
Smoking, n 35 (4) 317 (16) <0.001
Serum glucose (mg/ 93 (87-100) 94 (89-101) 0.006
dL)
Total cholesterol 161 (137-188) 177 <0.001
(mg/dL) (153-204)
LDL cholesterol (mg/ 92 (72-114) 104 (85-127) <0.001
dL)
HDL cholesterol 49 (41-57) 52 (45-60) <0.001
(mg/dL)
Tryglicerides (mg/dL) 84 (61-114) 88 (63-125) 0.014
Oral anticoagula- 109 (13) 6(0.3) <0.001
tion, n
Aspirin, n 74 (9) 25(1.2) <0.001
B-blockers, n 107 (13) 47 (0.8) <0.001
ACE inhibitor, n 69 (8) 63(3) <0.001
ARBs, n 40 (5) 71 (4) 0.186
CCB,n 27 (3) 28 (1.5) 0.001
Diuretics, n 102 (12) 61 (3) <0.001
Anti-aldosterone, n 57 (7) 4(0.2) <0.001
Statins, n 59 (7) 138 (7) 0.721
Coronary artery 3(0.4) 7 (0.4) 0.982
disease, n
Arterial thrombo- 27 (3) 9(0.5) <0.001
sis, n

Note: The data are expressed as median and quartiles (25;75) and as
number and percentage. Categorical variables are evaluated by the
Pearson chi-square test and continuous data without normal distribu-
tion by Mann-Whitney test.

Abbreviations: ACE inhibitor, angiotensin converting enzyme inhibitor;
ARBs, angiotensin receptor blockers; CCB, calcium channel blockers;
CHD, congenital heart disease; HDL, High-density lipoprotein; LDL,
Low-density lipoprotein; n, number of patients; p-blockers, beta-adre-
noceptor blocking agents.
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diuretics than patients in the control group (p < 0.001). On the con-
trary, no significant differences were seen in relation to angiotensin
receptor blockers (ARBs) or statins. Similarly, no significant differ-
ences were seen in the incidence of myocardial infarction between
the control and the CHD groups although CHD patients showed a
significant higher incidence of arterial thrombotic events (coronary,
neurological and peripheral vascular events) at the cost of a greater
number of neurological events (22 vs 2 events in CHD and control
patients, respectively). Likewise, at the time of the thrombotic event
no significant differences were seen in sex but in age among CHD
patients and the control population [51 (38-62) vs 53 (46-55) years
old, p < 0.001).

Table 3 shows the distribution of arterial thrombotic events (cor-
onary, neurological and peripheral vascular disease) in CHD patients
and the control population and in CHD according to their complex-
ity. Of the 22 CHD patients who had a neurological event, 16 pa-
tients had a stroke and 6 patients had a TIA. On the contrary, in the
control group there were only two neurological events (one stroke
and one TIA). However in both groups most of patients who had suf-
fered an arterial thrombotic event were under oral anticoagulation
or antiaggregation treatment. On the contrary, statin treatment in
CHD patients with cardiac and neurological events was low (33%
and 36%, respectively) as opposed to what happened in the con-
trol population (100% and 50%, respectively). However, one of the
three CHD patients who had an acute coronary event debuted as
a myocardial infarction with sudden death, reason why he was not
antiaggregated or under statin treatment at the time of the event. In

relation to cyanosis, 7 cyanotic CHD patients out of 53 (13%) had an

Type of arterial

arterial thrombotic events in comparison to 21 out of 765 (3%) in the
non-cyanotic group (p < 0.001).

Table 4 compares demographic, clinical and analytical data in
CHD patients according to complexity. No significant differences
were seen in age, sex, BMI, arterial hypertension, diabetes mellitus,
dyslipidemia, smoking habit, serum glucose, total and LDL choles-
terol, statin treatment, myocardial infarction and arterial thrombotic
events according to CHD complexity. On the contrary, patients with
great complexity used more anticoagulation, aspirin, beta-blockers
and ACE inhibitors than patients with simple or moderate complexity.

Table 5 shows demographic, clinical and cardiovascular risk
in CHD patients depending if they did not undergo surgery, were
operated on in childhood, operated on in adulthood or treated by
percutaneous approach. The results are also shown depending on
whether CHD patients were cyanotic or not. Patients operated on in
adulthood were significant older, had more arterial hypertension and
higher serum glucose levels than the others. Meanwhile, cyanotic
CHD patients were significant older and had lower serum glucose
levels than non-cyanotic CHD patients.

Table 6 shows demographic and cardiovascular risk factors in
CHD patients attending to the existence or not of arterial throm-
bosis. Being older and having more arterial hypertension, diabetes
mellitus, dyslipidemia and smoking habit were significantly more
frequent among CHD patients with arterial thrombosis. Finally,
Table 7 shows the binary logistic regression analyses of congenital
heart disease patients with and without arterial thrombosis. Crude
OR, obtained when considering the effect of only one predictor vari-

able, evidenced that age and all cardiovascular risk factors were risk

TABLE 3 Arterial thrombotic events
and medical treatment in CHD and control

thrombosis Coronary Cerebral Peripheral p patients
CHD patients, n 3(0.4) 22(3) 2(0.2) <0.001
Control population, n 7 (0.4) 2(0.1) 0 (0)
CHD complexity
Simple, n 2(0.4) 12 (3) 2(0.4) 0.569
Moderate, n 1(0.4) 4(2) 0(0)
Great, n 0(0) 6 (5) 0(0)
CHD patients whit thrombotic events?
Oral anticoagula- 1(33) 10 (45) 1 (50) <0.001
tion, n
Aspirin, n 1(33) 9 (41) 2 (100)
Statins, n 1(33) 8 (36) 1 (50)
Control population with thrombotic events
Oral anticoagula- 1(15) 1 (50) 0 (0) <0.001
tion, n
Aspirin, n 7 (100) 0(0) 0(0)
Statins, n 7 (100) 1(50) 0(0)

Note: The data are expressed as number and percentage.
Abbreviations: CHD, congenital heart disease, n, number of patients.

20ne of the patients with an acute coronary event suffered sudden death as the first cardiac

symptom.
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TABLE 4 Demographic, clinical and
analytical data in CHD patients according
to complexity n

CHD complexity

Age (years)
Sex (male), n

BMI ( kg/m?)

Arterial hypertension, n

Diabetes mellitus, n
Type 1

Type 2 under oral
antidiabetics

Type 2 with insulin
Dyslipidemia, n

Smoking, n

Serum glucose (mg/dL)
Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)

Tryglicerides (mg/dL)

Oral anticoagulation, n

Aspirin, n
B-blockers, n

ACE inhibitor, n
ARBs, n

CCB, n

Diuretics, n
Anti-aldosterone, n

Statins, n

Myocardial infarction, n

Arterial thrombosis, n

- WILEY-22®

CLINICAL PRACTIC
Simple Moderate Great p value
462 (56) 228 (28) 128 (17)
29 (22-41) 31(22-41) 34 (23-43) 0.245
257 (57) 130(57) 73(57) 0.936
23 (21-26) 24 (21-28) 23 (20-26) 0.233
59 (13) 33(14) 9(7) 0.111
23 (5) 5(2) 8 (6) 0.282
2(0.4) 0(0) 2(2)
17 (4) 4(2) 4(3)
4(0.9) 1(0.5) 2(1.5)
76 (16) 26 (11) 17 (13) 0.249
21 (5) 12 (5) 2(2) 0.344
94 (87-99) 94 (88-100) 91 (85-100) 0.116
164 (139-194) 162 (136-185) 150 (131-186) 0.082
92 (72-118) 93(76-112) 90 (67-115) 0.524
50 (43-58) 49 (40-57) 46 (39-54) 0.006
84 (62-120) 83 (61-107) 84 (61-112) 0.588
54 (12) 17 (7) 38(30) <0.001
27 (6) 17 (7) 30(23) <0.001
46 (10) 29 (13) 32(25) <0.001
26 (6) 19 (8) 24 (19) <0.001
21(5) 11 (5) 8(6) 0.786
20 (4) 30(13) 4(3) 0.108
41 (9) 20 (9) 41 (32) <0.001
12 (3) 11 (5) 34 (27) <0.001
39 (8) 13 (6) 7(5) 0.284
2(0.4) 1(0.4) 0(0) 0.716
16 (3) 5(2) 6(5) 0.444

Note: The data are expressed as median and quartiles (25;75) and as number and percentage.
Categorical variables are evaluated by the Pearson chi-square and Kruskal-Wallis non-parametric
test was used to determine whether the medians of two or more groups were different.
Abbreviations: ACE inhibitor, angiotensin converting enzyme inhibitor; ARBs, angiotensin receptor
blockers; B-blockers, beta-adrenoceptor blocking agents; BMI, body mass index; CCB, calcium
channel blockers; CHD, congenital heart disease; n, number of patients.

factors for arterial thrombosis. However, when all these variables
were included in the analysis (confounder variables) the only one
that reached statistical significance (adjusted OR) was age [OR 1.04
(1.01-1.09), p < 0.01].

4 | DISCUSSION

Advances in surgical and clinical management of CHD have allowed
patients to survive into adulthood and therefore to the development
of atherosclerotic disease. Manifestations of cardiovascular disease
include myocardial infarction, stroke, transient ischaemic attacks
and peripheral vascular disease. In adults, cardiovascular risk fac-

tors reinforce each other in their effect on cardiovascular events.

However, information is scant on the relationship between cardio-
vascular risk factors and acute thrombotic events. In this context,
Billett et al’ found that adults with CHD were more likely to have
arterial hypertension and diabetes mellitus than age-matched con-
trols without CHD. Moons et al,? for their part, found that at least
80% of adults with CHD had at least one cardiovascular risk factor,
with significantly higher rates of hypertension and obesity than in
the general population. Similarly, we found more arterial hyperten-
sion and diabetes mellitus but less dyslipidemia and smoking habit
among our CHD cohort when compared with our control population.

The higher incidence of hypertension among our CHD patients
may be because of patients with aortic coarctation. In fact arterial
hypertension is endemic in patients with coarctation of the aorta

even if no residual coarctation exists. In our series we had 63
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patients with aortic coarctation (8% of the patients in our CHD se-
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and similar to what is found in the United States.’” This low number
of smoking patients may be in relation to the awareness of the need
for healthy habits.

The prevalence of coronary heart disease in adults with CHD
has been variably reported in the literature depending on the study
cohort. Afilalo et al'® in a geriatric adult CHD cohort documented a
7% prevalence of myocardial infarction which was higher than that
of the general population (5%). Along the same lines Giannakoulas

et al'?

reported 9.2% of significant coronary stenosis among CHD
patients (51 * 13 years old) that underwent cardiac catheterisation
for reasons other than coronary artery disease. However, no patient
with cyanosis or age <40 years had significant coronary artery dis-
ease in their series. Also, Yalonetsky et al?® in a cohort of CHD pa-
tients identified coronary artery disease in 1% of them what is above
0.4% found in our series. However, the age of their patients at diag-
nosis was 56 + 13 years old and 38% of them were asymptomatic
which would be consistent with our results.

Adult CHD have also a higher risk of thromboembolism not
only from their complex physiology and anatomy but also from
substrates such as valvular heart disease, atrial arrhythmias, cya-
nosis, and ventricular dysfunction, resulting in significant morbid-
ity and mortality.?%?2 This is the reason why we found many more
neurological events among CHD patients compared with the nor-
mal population. However, we did not find differences according to
CHD complexity probably because patients with great complexity
used more prophylactic anticoagulation than patients with simple
heart defects.

In relation to cyanosis it is argued that endothelial dysfunction,
as a result of chronic hypoxia and hyperviscosity, may induce a hy-

23,24 and

percoagulable tendency with increased risks of thrombosis
atherosclerosis. Although none of our cyanotic CHD patients had
myocardial infarction as reported by other authors,'? we did find a
significant higher incidence of thrombotic events probably in rela-
tion to cardiac complexity.

With respect to medical treatment CHD patients had a higher
incidence of oral anticoagulation, antiaggregation, beta-blockers,
ACE inhibitors, diuretics and anti-aldosterone therapy than the gen-
eral population because of the fact that many CHD patients have
sequelae and complications of their cardiac defects which requires

specific cardiological treatment.?®

On the other hand, there were no
significant differences in relation to ARBs and CCAs since they are
used routinely in the treatment of arterial hypertension in the gen-
eral population.? In relation to the use of statins we found no signif-
icant differences between control population and the CHD patients.

In conclusion, CHD patients are significantly more hypertensive
and diabetic but less dyslipidemic and smokers than the control
population. The low incidence of cardiovascular risk factors and the
young age of our patients would explain, at least in part, the low
incidence of coronary events both in congenital patients and in the
general population. However, special attention should be paid to
older patients and patients with aortic coarctation. Also, we should
monitor cardioembolic risk factors in CHD patients to start antico-
agulant therapy as soon as necessary.
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