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a B S t r a c t
Background: The number of adults with congenital heart disease (ACHD) surviving to old age 
is increasing worldwide. Acquired cardiovascular comorbidities may complicate the course and 
treatment of the underlying congenital disease and worsen the prognosis. 

Aims: The study aimed to assess the burden of cardiovascular (CV) risk factors among elderly pa-
tients with ACHD. 

Methods: A retrospective analysis of data on all patients ≥60 years of age hospitalized in a tertiary 
clinic for ACHD was performed from July 2013 to March 2020. We collected information on smoking 
status, body mass index, and the presence of dyslipidemia, systemic hypertension, and diabetes.

Results: The most common CV risk factors among 322 patients ≥60 years of age (median age 
66 years; 34% men) were: being overweight/obesity (65.5%), dyslipidemia (64.9%), and arterial 
hypertension (60.6%). Over 21% of patients suffered from diabetes, and 25.8% were smokers. Over 
54% of patients had two or 3 CV risk factors. Patients above 70 years of age were healthier in terms 
of being overweight/obesity, dyslipidemia, and smoking status. Patients with mild ACHD were more 
likely hypertensive compared to individuals with complex defects. The highest CV burden was noted 
in younger men with mild ACHD. 

Conclusions: We demonstrated a high burden of CV risk factors in seniors with ACHD. Special atten-
tion should be paid to the identification and control of classical CV risk factors in order to prevent 
acquired CV disease in this population.
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INTRODUCTION
The enormous progress in pediatric cardi-
ology and cardiac surgery has resulted in 
a constantly growing population of adults 
with congenital heart disease (ACHD), and an 
increasing number of these are ≥60 years of 
age. They constitute an entirely new cohort of 
patients who require particular attention from 
care providers. This population includes not 
only patients with simple lesions but also indi-
viduals with heart defects of at least moderate 
severity [1]. According to the extrapolation 
to the European Union countries presented 
by Baumgartner et al. [2], the percentage of 
ACHD of 60 years and older may reach 11% of 
all ACHD patients by 2030. Studies concerning 

adolescents and younger adults showed that 
a low proportion of individuals with ACHD 
are not exposed to classical risk factors of 
acquired cardiovascular diseases [3, 4]. Those 
diseases complicate the course and treatment 
of the underlying congenital disease and 
increase resource consumption [5]. Thus, car-
diovascular (CV) risk factors and age-related 
acquired cardiovascular lesions are identified 
as a new factor in the older ACHD population 
with a possible impact on the prognosis and 
quality of life. Previously published data re-
garding geriatric ACHD cohorts either did not 
report details on CV risk factors [1], had some 
methodological limitations [6], or reported 
data on small, predefined subgroups [7]. Thus, 
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W H a t ’ S  n e W ? 
adult patients with congenital heart disease (acHD) have longer life expectancy due to better medical care, but data regard-
ing the prevalence of classical cardiovascular (cV) risk factors are scarce. We examined the burden of cV risk factors in acHD 
patients ≥60 years of age. among 322 patients in our study, the most common cV risk factors were: being overweight/obesity 
(65.5%), dyslipidemia (64.9%), and arterial hypertension (60.6%). Over 21% of patients suffered from diabetes, and 25.8% were 
smokers. Over 54% of patients had two or three cV risk factors. Patients above 70 years of age were healthier in terms of being 
overweight/obesity, dyslipidemia, and smoking status. the highest cV burden was recorded in younger men with mild acHD. 
Our findings emphasize the importance of preventive medicine in this population. therefore, identification and control of cV 
risk factors should be a part of standard medical care in the elderly with acHD.

this study aimed to assess the occurrence of CV risk factors 
in patients with ACHD beyond the age of 60 in a population 
of a tertiary center for ACHD in Poland.

METHODS
A retrospective analysis of patients hospitalized in our 
department between July 2013 and March 2020 was 
performed. The causes of hospitalization were: (1) newly 
diagnosed ACHD; (2) planned diagnostic procedures or 
elective surgical or percutaneous treatment; (3) emergency 
cases; (4) routine check-up in patients with severe ACHD, 
ACHD-related pulmonary arterial hypertension, or in older 
ACHD patients (one-day hospitalization). The inclusion cri-
teria were: (1) age ≥60 years at the time of hospitalization; 
(2) previously or newly diagnosed congenital heart disease. 
Congenital heart defects were classified as mild, moderate, 
or severe according to the European Society of Cardiology 
guidelines [8]. Data on body mass index (BMI), the presence 
of dyslipidemia, systemic hypertension, diabetes, and the 
history of smoking were collected. 

Patients were defined as hypertensive if they were on 
antihypertensive treatment, or they were newly diagnosed 
with arterial hypertension during the hospitalization 
according to the European Society of Cardiology hyper-
tension guidelines [9]. 

Patients with low-density lipoprotein cholesterol con-
centrations (obtained by Friedwald formula unless plasma 
triglyceride concentration exceeded 400 mg/dl) above 
target levels recommended in the European Society of Car-
diology guidelines on cardiovascular disease prevention in 
clinical practice [10], or with a previous diagnosis of dyslipi-
demia, or receiving lipid-lowering therapy were classified 
as having dyslipidemia. Patients with diabetes (type 2 or 
type 1) had a documented disease managed with diet, oral 
hypoglycemic medications, or insulin, or they were newly 
diagnosed with diabetes (according to American Diabetes 
Association criteria [11]) during the index hospitalization. 
Being overweight was defined as BMI 25–29.9 kg/m2 and 
obesity as BMI ≥30 kg/m2 [12]. Patients self-reported their 
health behaviors regarding cigarette smoking (non-smoker, 
previous or current smoker). Patients were classified as hav-
ing coronary artery disease (CAD) when they had a history 
of myocardial infarction or coronary artery bypass surgery, 

or they had angiographically proven CAD. If a patient was 
admitted to our clinic more than once during the given 
timeframe, data from the first hospitalization were taken 
into account. The study was approved by the institutional 
medical ethics committee.

Statistical analysis
Data were presented as the median and interquartile range 
(IQR) and categorical variables were expressed as numbers 
and frequencies. The Shapiro-Wilk test was used to assess 
the normality of variable distributions. The comparisons 
of differences between groups were performed using the 
Mann-Whitney U test, and in the case of categorical varia-
bles, the Z-test was used. A two-sided P-value of <0.05 was 
considered statistically significant. All data were analyzed 
with R software package version 3.2.4.

RESULTS
We identified 322 patients with ACHD who were ≥60 years 
of age at any hospital stay in our clinic during the study 
period (median age, 66.0; range, 60–87 years). Most 
individuals had simple cardiac defects, however, there 
were also 14 patients with severe lesions (8 with congen-
itally corrected transposition of the great arteries, 5 with 
Eisenmenger syndrome, and one patient with repaired 
double-outlet right ventricle). More detailed information 
regarding baseline characteristics is provided in Table 1. 

Being overweight/obesity and dyslipidemia were the 
most common CV risk factors followed by systemic arterial 
hypertension. Every fifth patient suffered from diabetes and 
every fourth was a current or previous smoker (Table 1). 

In the majority of patients (over 54%), 2 or 3 CV risk 
factors were recorded. Only 18 patients had no CV risk 
factors (Figure 1). 

Among men, there were more smokers and individuals 
with systemic arterial hypertension when compared to 
women (Table 2). Patients above and below 70 years of age 
differed significantly in terms of being overweight/obesity, 
dyslipidemia, and smoking status (Table 2).

Patients with mild ACHD were more likely to be hy-
pertensive compared to patients with more complex 
lesions. The trend towards a higher number of smokers 
among mild ACHD patients was also observed. The preva-
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lence of diabetes did not differ significantly in all analyzed 
subgroups. The younger (60–69 years old) men with mild 
ACHD had the highest burden of cardiovascular risk factors 
(Table 3). Angiographically confirmed atherosclerotic CAD 
was found in 68 (21%) patients. 

DISCUSSION
The number of individuals with ACHD surviving to old 
age is increasing and they are exposed to classical CV risk 
factors and acquired heart disease as the general popula-
tion. We observed that in most patients with ACHD aged 
≥60 years at least two CV risk factors are present with the 
highest prevalence of risk factors found among younger 
(60–69 years old) men with mild heart defects.

The most common CV risk factor was being over-
weight and obesity, which affected over 65% of the study 
population. Our findings are like those previously report-
ed in younger (mean age, 52 years) ACHD patients in the 
United States of America [13]. In the study by Lerman 
et al. [13] 59.5% of ACHD patients were overweight or 
even morbidly obese, and the prevalence of being over-
weight/obesity was similar when compared to the general 
population. Notwithstanding, in our study, the problem 
of being overweight and obesity in seniors with ACHD 
is less common than in the general Polish population 
[14]. Likewise, the authors of WOBASZ II study reported 
a smaller number of overweight/obese individuals of 
advanced age (≥75 years). 

Dyslipidemia was a common cardiovascular risk factor 
as being overweight/obesity (almost 65%). Contrary to our 
data, Afilalo et al. [6] reported that among geriatric patients 
with ACHD in Canada only 27% had been diagnosed with 
dyslipidemia. A recently published smaller Canadian study 
on seniors with moderate to complex ACHD [7] also showed 
a lower prevalence of dyslipidemia (39%) when compared 
to our results (56% in the subgroup with moderate/severe 
ACHD). 

Table 1. Clinical characteristics and prevalence of cardiovascular 
risk factors among 322 ACHD seniors

Clinical characteristics  

Age, years 66 (62–69)

Age structure

60–69 years, n (%) 242 (75.51)

70–79 years, n (%) 68 (21.11)

≥80 years, n (%) 12 (3.73) 

Men, n (%) 110 (34.2)

ACHD complexity

Mild, n (%) 263 (81.42)

Moderate, n (%) 45 (13.93)

Severe, n (%) 14 (4.33)

BMI, kg/m2 26.8 (24.0–30.1)

Cardiovascular risk factors  

Number of risk factors 2 (1–3)

Overweight/obesity, n (%) 211 (65.53)

Arterial hypertension, n (%) 195 (60.56)

Dyslipidemia, n (%) 209 (64.91)

Diabetes, n (%) 69 (21.43)

Smoking, n (%) 83 (25.78)

Data are presented as the median (interquartile range [IQR]) or number (%)

Abbreviations: ACHD, adult congenital heart disease; BMI, body mass index
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Figure 1. Number of cardiovascular risk factors in adult congenital 
heart disease patients aged ≥60 years

Table 2. Cardiovascular risk factors according to age, gender, and ACHD complexity

Gender Age ACHD complexity

Men
(n = 110)

Women
(n = 212)

P-value Aged 60–69
(n = 242)

Aged ≥70
(n = 80)

P-value Mild
(n = 263)

Moderate/  
/severe
(n = 59)

P-value

Age, years 65 (62–69) 66 (62–70) 0.31 — — — 66 (62–70) 64 (62–69) 0.01

Men, n (%) — — — 86 (35.54) 24 (30.0) 0.44 91 (34.6) 19 (32.2) 0.17

Moderate/severe lesions, 
n (%)

19 (17.27) 40 (18.87) 0.84 45 (18.6) 14 (17.5) 0.96 — — —

BMI, kg/m2 27.1  
(24.69–29.1)

26.69  
(23.62–31.18)

0.41 27.09  
(24.21–30.76)

25.87 
(23.3–30.0)

0.20 27.00 
(24.07–30.49)

26.6  
(23.37–29.52)

0.19

Number of risk factors 3 (2–4) 2 (1–3) <0.001 3 (1–3) 2 (1–3) 0.004 3 (2–3) 2 (1–3) 0.02

Overweight/obesity, n (%) 76 (69.09) 135 (63.98) 0.43 167 (69.01) 44 (55.7) 0.04 172 (65.64) 39 (66.1) 1.0

Systemic hypertension, n (%) 81 (73.63) 114 (53.77) <0.001 144 (59.5) 51 (63.75) 0.59 169 (64.26) 26 (44.07) 0.006

Dyslipidemia, n (%) 70 (63.21) 133 (62.73) 0.36 167 (69.01) 43 (53.75) 0.02 177 (67.3) 33 (55.93) 0.13

Diabetes, n (%) 26 (23.63) 43 (20.28) 0.58 54 (22.31) 14 (17.5) 0.41 54 (20.53) 15 (25.42) 0.51

Smoking, n (%) 42 (38.18) 41 (19.34) <0.001 70 (28.92) 13 (16.25) 0.04 74 (28.14) 9 (15.25) 0.06

Data are presented as the median (interquartile range [IQR]) or number (%)

Abbreviations: see Table 1
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We observed a higher overall prevalence of arterial 
hypertension in the geriatric ACHD population compared 
to the Canadian study by Afilalo et al. (60.6% vs. 47%, 
respectively) [6]. Moreover, the authors did not find any 
significant differences in the prevalence of arterial hy-
pertension according to the complexity of heart defects, 
whereas in our population patients with mild anomalies 
were diagnosed with systemic hypertension more often 
than individuals with moderate/severe heart defects. On 
the other hand, the prevalence of systemic hypertension 
among the elderly with moderate/complex ACHD in the 
study by Reich et al. [7] was higher (54%) than in our report 
among individuals with moderate/severe disease (44%). 

Every fourth person in our study group was a current 
or previous tobacco smoker with a significant predomi-
nance of men and younger individuals. In a large study 
including younger ACHD patients from 15 countries (over 
4000 participants, median age, 32 years) fewer patients 
(14% of men and 11% of women) smoked cigarettes in 
contrast to our results [15]. When compared to Switzerland, 
the country with the highest number of smokers among 
ACHD patients in the above-mentioned study (24% of men, 
19% of women), the use of tobacco was higher in men but 
not in women in our elder ACHD population. Similarly, 
Moons et al. [15] reported that individuals with mild ACHD 
smoke cigarettes more often than people with moderate 
to severe defects. Interestingly, in patients with moderate 
to complex ACHD over the age of 60 years in Southern 
Alberta (Canada), the percentage of smokers was twice as 
high as in our study [7]. 

Twenty-one percent of ACHD patients in our study 
suffered from diabetes. The prevalence of diabetes is 
higher than in seniors in the general population of Poland 
according to the Polish national PolSenior study [16]. This 
difference might be explained by the findings by Madsen 
et al. [17], who showed that CHD survivors in Denmark 
were at a substantially increased risk of developing dia-
betes mellitus type 2 after the age of 30 compared with 
the general Danish population. On the other hand, in 
our study, the percentage of diabetic patients was higher 
than in the geriatric CHD population in Quebec/Canada 
(16%) and South Alberta (13%) [6, 7]. As diabetes is a risk 
factor for arrhythmias in ACHD [18] and it was identified 
as an independent predictor of all-cause mortality [6], its 

occurrence among ACHD survivors in Poland deserves 
special attention. 

Our study shows that among elderly patients with 
ACHD the incidence of modifiable cardiovascular risk fac-
tors is significantly higher in younger men (60–69 years) 
with mild defects. Such an observation has not been re-
ported yet. One might speculate that patients with ACHD 
who live a healthier lifestyle are more likely to survive 
beyond the age of 70. 

The results of our study convey several important find-
ings. It clearly shows that classical CV risk factors are often 
encountered in older ACHD patients. Owing their adverse 
impact on prognosis in general population we need to 
incorporate all accepted measures to detect and control 
them into our regular clinical practice while dealing with 
ACHD patients. Also, further studies are highly justified 
to elucidate reasons for such high prevalence of CV risk 
factors among ACHD patients, whose life expectancy is 
lower than in general population due to primary disease. 
Another important issue is related to the pharmacotherapy 
of acquired CV disease accompanying congenital cardiac 
defects. Some of these medications (β-blockers, calcium 
channel blockers, angiotensin-converting enzyme inhibi-
tors or sartans) may interfere with abnormal hemodynam-
ics caused by a congenital abnormality. As we learned from 
studies dedicated to heart failure in ACHD population, 
guidelines-based pharmacotherapy in this specific group 
may be less effective or even potentially harmful. Therefore, 
the implementation of the treatment requires meticulous 
clinical monitoring.

Study limitations
We are aware of some methodological limitations of our 
study. First, the character of the study conducted in a sin-
gle tertiary center may influence the results. Furthermore, 
tobacco smoking was classified according to the patient’s 
information, thus its prevalence may be underestimated. 
Also, we were not able to directly compare the incidence 
of CV risk factors in ACHD and non-ACHD seniors for meth-
odological reasons. We did not analyze psychosocial and 
economic factors which can also influence cardiovascular 
risk [19]. The prevalence of CAD might be underestimat-
ed as only patients with suspected CAD and individuals 
undergoing cardiac surgery were investigated. We did 

Table 3. Cardiovascular risk factors in younger men with mild heart defects compared to other ACHD patients

Men 60–69 years old, with mild ACHD 
n = 70

Rest of the study group
n = 252

P-value

Number of risk factors, median (IQR) 3 (2–4) 2 (1–3) <0.001

Overweight/obesity, n (%) 54 (77.14) 157 (62.55) 0.03

Systemic hypertension, n (%) 55 (78.57) 140 (55.55) <0.001

Dyslipidemia, n (%), 52 (74.28) 158 (62.7) 0.10

Diabetes, n (%) 19 (27.14) 50 (19.84) 0.25

Smoking, n (%) 31 (44.28) 52 (20.63) <0.001

Abbreviations: IQR, interquartile range; other — see Table 1
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not perform post hoc power analysis for subgroups; thus 
these results should be interpreted with caution. Finally, 
the cross-sectional design of the study did not allow us to 
assess the impact of cardiovascular risk factors on morbi-
dity and mortality among elderly ACHD patients.

CONCLUSIONS
The study examined the burden of CV factors in elderly 
ACHD patients. Our findings stress the importance of pro-
active screening for classical CV risk factors in ACHD that 
should be controlled in order to reduce the prevalence of 
acquired comorbidities and worsening the overall prog-
nosis in this population. Identification and treatment of 
classical CV risk factors should be part of standard medical 
care in seniors with ACHD. 
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