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Aims: Since the number of adults with congenital heart disease (ACHD) is increasing, age-related cardiovascular
diseases become a relevant risk for ACHD. While previous studies investigated isolated risk factors only, this
study examines the cardiovascular risk of ACHD based on the PROCAM scores.
Methods and results: From January 2017 to April 2018, 551 ACHD aged 30 years or older (43.9 ± 9.9 years, 48.3%
female) were analyzed for their risk factors of major cardiovascular events within the next ten years using the
PROCAM quick check and PROCAM health check. Compared to their individual reference, ACHD had a
significantly lower absolute cardiovascular event risk in PROCAM quick check (ACHD: 2.5 ± 4.9%, reference:
3.8 ± 5.2%, p b .001) and PROCAM health check (ACHD: 1.8± 3.5%, reference: 3.9 ± 5.3%, p b .001). The relative
risk of ACHD was 37% lower than in the general population calculated with the PROCAM quick test, and 57%
lower with the PROCAM health check.
Only 3.4% of the ACHD had a LDL cholesterol higher than 190 mg/dl, 8.3% had a HDL cholesterol lower than
40 mg/dl, and 26.0% had triglyceride higher than 150 mg/dl. Diabetes mellitus was prevalent in 4.0% of the
ACHD and 10.9% were current smokers.
Conclusion: According to the PROCAM risk score, ACHD have a lower 10-year risk formajor cardiovascular events
compared to a healthy reference population. Whether this lower rate of the established risk factors leads to a
lower rate of acquired cardiovascular disease has to be clarified in this particular population.

© 2018 Elsevier B.V. All rights reserved.
Keywords:
Congenital heart disease
Cardiovascular risk
PROCAM score
1. Introduction

Worldwide the main causes of death in the older population are car-
diovascular diseases, and around 80% of all cardiovascular disease related
deaths are due to strokes and heart attacks [1]. In adults with congenital
heart diseases (ACHD), long-term survival, and thereby a paradigm shift
from perioperative to chronic cardiac mortality and non-cardiac death is
noticeable [1,2]. Despite improvements in long-term outcomes, ACHD
are rarely cured and many suffer from postoperative residua and se-
quelae [3]. Following improved long-termoutcomes, the age of ACHD in-
creases and therefore, age-related cardiovascular diseases become a
relevant risk for these patients [3–5].

The development of age-related cardiovascular diseases and athero-
sclerosis is driven by several risk factors such as diabetes mellitus, body
mass index, systolic and diastolic blood pressure, lipid profile, and
smoking [6–9]. Some studies in patientswith CHDanalyzed these single
risk factors and suggested increased or abnormal values [10–17].
ardiology and Congenital Heart
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Increased LDL cholesterol and triglycerides along with lower HDL cho-
lesterol were observed in ACHD [10,11] as well as a higher prevalence
of metabolic syndrome and diabetes mellitus [11–14]. Furthermore,
the incidence of obesity and hypertension is suggested to be higher in
patients with CHD than in the reference population [11,12].

In contrast, other studies indicate no increased risk or risk factors in
ACHD compared to the general population [16,17]. Overweight and
obesity was less common in male ACHD than in the reference popula-
tion [16], lipid profiles unobtrusive [10,18] and prevalence of coronary
artery disease similar as in the general population [17].

Taking the variety of single risk factors of cardiovascular diseases in
ACHD into account, the aim of this study was to examine the 10-year
risk of a major cardiovascular event within the next ten years based
on multiple risk factors in one score. Therefore, the PROCAM score, a
score based on German reference values, was calculated for ACHD
usingmultiple risk factors and then compared to the German reference.

2. Patients and methods

2.1. Study subjects

All ACHDwith various types of CHDwere prospectively recruited during their routine
follow-up appointment at the German Heart Centre in Munich from the outpatient
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department between January 2017 and April 2018. Blood samples were available for 445
ACHD. All patientswere analyzed for established risk factors to face amajor cardiovascular
event within the next ten years. Exclusion criteria were cognitive impairments hindering
the patient to understand the task or acute infectious diseases.

Based on the underlying diagnosis, the ACHDwere grouped into 11 subgroups: ‘aortic
stenosis’, ‘coarctation of the aorta’, cyanotic patients which are native or palliated, ‘Ebstein
anomaly’, ‘Fontan circulation’, ‘isolated shunts’ including atrial, ventricular, and atrioven-
tricular septal defect, ‘pulmonary stenosis’, ‘Tetralogy of Fallot’, ‘Transposition of the
Great Arteries after Rastelli repair’ including congenital corrected Transposition of the
Great Arteries, ‘Transposition of the Great Arteries after Senning or Mustard’, and others.
In addition, all ACHDwere grouped based onWarnes and colleagues [4] into simple, mod-
erate and complex forms of CHD. According to this classification 76 (14.5%) had a simple,
146 (27.9%) a moderate and 301 (57.6%) a complex CHD.

All patients gave written informed consent and the study was approved by the local
ethical board of the Technical University of Munich (project number: 64/17S) and is
part of the CARING (Cardiovascular Risk in grown-up congenital heart disease) project
which is registered in the 'Deutsches Register Klinischer Studien' with the number
DRKS00015248.

2.2. Prospective Cardiovascular Münster (PROCAM) study

The 10-year risk of a major cardiovascular event, which means fatal or non-fatal myo-
cardial infarction or stroke, was calculated and classified with the PROCAM (Prospective
CardiovascularMünster) study score. The PROCAM score is comparable to the Framingham
risk score [19] but based on a German cohort of 18,460men and 8518women 20–78 years
at study entry and followed for an averageof 11.7years [20]. The 10-year risk of amajor car-
diovascular eventwas calculatedwith two scores of the PROCAM study: the PROCAMquick
checkand the PROCAMhealth check. ThePROCAMquick check includes the factors age, sex,
height, weight, systolic blood pressure, diabetes (yes/no), current smoking status (yes/no),
antihypertensive drug treatment, and family history of a cardiovascular event.

In the PROCAM health check, height, weight, and antihypertensive drug treatment
status is substituted with LDL cholesterol, HDL cholesterol, and triglyceride.

For further information and online calculations, follow this link: http://cmd-taskforce.
org/risk-assessment/.

The factors smoking status (currently: yes/no), hypertensive drug treatment
(currently: yes/no), and the presence of a cardiovascular event of a first-degree family
member before the age of 60 (yes/no) were asked in a questionnaire. Blood pressuremea-
surement was conducted in all ACHD patients with the oscillometric measurement device
Mobil-o-Graph (I.E.M, Stolberg, Germany). After resting in supine position for 5 min, the
measurement was performed on the left upper arm with an arm-adjusted cuff size.
Blood sampling was performed in non-fasting state and sitting position.

Blood samples were categorized according to the European Guidelines [21,22]. Ele-
vated LDL cholesterol was defined at N190 mg/dl, low HDL cholesterol was defined at
b40 mg/dl, elevated triglycerides were defined at N150 mg/dl, and an HbA1c higher than
6.5% was defined as the existence of diabetes mellitus type 2.

2.3. Physical activity assessment

Physical activity was assessed based on the single question: “On howmany days of a
regular week are you active for at least 30min? That includes sport activities but also con-
tains forms of regular activities such as brisk walking and cycling long enough to get your
heart pumping or become short of breath?”. Patients with a response of five ormore days
met the WHO criteria of 150 min physical activity per week [23] and were categorized as
“active”.

2.4. Data analyses

Descriptive data of all ACHD is expressed inmean values and standard deviations. The
PROCAM study provides a mean sex- and age-adjusted risk for the PROCAM quick check
and the PROCAM health check. Using these sex- and age-based reference values, t-tests
for paired sampleswere calculated to analyze the cardiovascular risk of ACHD. In addition,
sex differences for the single risk factorswere calculatedwith a t-test for unpaired samples
or a chi-square test (chi-square test for the factors diabetes mellitus, hypertensive drug
treatment, positive family history, current smoking status). Furthermore, a t-test for un-
paired samples was performed for differences between active and non-active ACHD for
the PROCAM quick check and the PROCAM health check.

All tests were performed using SPSS (version 23.0, IBM Corporation). The level of signif-
icance for all tests was set to b0.05. Figures were created with R Studio (version 1.1.423).

3. Results

In total, 551 ACHD aged 30 years and older (43.9 ± 9.9 years, 48.3%
female) were analyzed in this study. ACHD had a significantly lower ab-
solute 10-year risk of a major cardiovascular event in the PROCAM quick
check (ACHD: 2.5 ± 4.9%, reference: 3.8 ± 5.2%, p b .001) and the
PROCAM health check (ACHD: 1.8 ± 3.5%, reference: 3.9 ± 5.3%, p b

.001) compared to thegeneral population (Table 1, Figs. 1 and2). The rel-
ative risk of ACHD was 37% lower than in the general population
calculated with the PROCAM quick check, and 57% lower calculated
with the PROCAMhealth check. According to the classification ofWarnes
and colleagues [4], PROCAM quick check was 3.7% in simple, 2.2% in
moderate and 2.1% in complex forms of CHD. The PROCAM health
check was 3.3% in simple, 1.5% in moderate and 1.4% in complex forms
of CHD.

In total, 3.4% of the ACHD had increased LDL cholesterol higher than
190 mg/dl, 8.3% of the ACDH had reduced HDL cholesterol lower than
40mg/dl, and 26.0% had triglyceride higher than 150mg/dl. In addition,
35.5% were overweight and 13.5% obese. Increased systolic blood pres-
sure higher than 140 mm Hg was present in 11.1% and increased dia-
stolic blood pressure higher than 90 mm Hg was present in 9.6%.
Diabetes mellitus was prevalent in 4.0% of the included ACHD. Another
10.9% were current smokers (Table 1 and Fig. 3). Differences within the
particular CHD subgroups are provided in Table 2.

Moderate-to-vigorous physical activity of at least 30 min on five
or more days a week were reported by 296 (56.5%) patients. There
were no differences when comparing active and inactive patients
for the PROCAM quick check (active: 2.2 ± 3.6% vs. inactive: 2.6 ±
5.3%, p = .256) and PROCAM health check (active: 1.6 ± 3.0% vs. in-
active: 1.9 ± 3.7%, p = .501).

Female and male ACHD differed significantly in most of the mea-
sured risk factors, as well as in both PROCAM risk calculations (Table 1).

4. Discussion

In ACHD risk calculations based on a healthy reference population
revealed a lower 10-year risk of a major cardiovascular event compared
to the general population. Including blood parameters in the PROCAM
health check, the risk of ACHD is calculated to be only half as high as
the risk in the general population.

4.1. 10-year risk for cardiovascular events

Only one study has analyzed the total risk of a cardiovascular event
among ACDH so far [10]. Lui and colleagues [10] showed in their study
on 103 patients that the predicted risk for atherosclerotic cardiovascular
disease in ACHD for the following ten years resulted in a relatively low
risk. 90% of the patients had a 10-year cardiovascular event risk below
10% calculated with three different risk scores (atherosclerotic cardio-
vascular disease risk survey, Framingham, and Reynolds). Our findings
are in line with these results as ACHD have a significantly lower rate of
risk factors as well as lower PROCAM scores when compared to the gen-
eral population.

However, analyzing previous studies, a higher risk of cardiovascular
events would be expected, as various single risk factors are increased
[10–17]. For example, Moons and colleagues showed in a retrospective
analysis of 1976 ACHD that only 20.4% of the male and 21.0% of the fe-
male ACHD showed no cardiovascular risk factor [12]. Also Lui et al.
[10] showed that 70% of the patients withmoderate or great complexity
of CHD are exposed to at least one risk factor for atherosclerotic cardio-
vascular disease. In addition, other studies reported an impaired endo-
thelial function in cyanotic CHD [24], in repaired coarctation of the
aorta [25], and in patients with Fontan circulation [26].

However, studies did not discuss that atherosclerotic risk factors
are also a big concern and of high prevalence in the general popula-
tion [27].

4.2. Single risk factors

4.2.1. Diabetes mellitus
Altered insulin sensitivity and disordered glucose metabolism

in ACHD resulting in diabetes are reported in many studies
[11,12,14,18,28]. In line with this research, our study also showed that
the prevalence of diabetes mellitus in ACHD was 4.0%, whereas only
3.2% in the German population aged 40 to 49 years old [29].

http://cmd-taskforce.org/risk-assessment
http://cmd-taskforce.org/risk-assessment


Table 1
Cardiovascular risk factors of all ACHD and differences between female and male ACHD.

Anthropometric data

n All ACHD Female ACHD (n = 266) Male ACHD (n = 285) p-Valueb

Age (years) 551 43.9 ± 9.9 45.1 ± 10.3 42.9 ± 9.4 .008b

BMI 549 25.5 ± 4.3 24.6 ± 4.4 26.3 ± 4.1 b.001b

Hip-to-waist-ratio 495 0.86 ± 0.09 0.80 ± 0.07 0.91 ± 0.07 b.001b

Systolic BP (mm Hg) 551 121.3 ± 14.9 119.0 ± 14.8 123.5 ± 14.8 b.001b

Diastolic BP (mm Hg) 551 74.7 ± 11.3 72.3 ± 10.3 77.0 ± 11.8 b.001b

Blood lipids

n All ACHD Female ACHD (n = 195) Male ACHD (n = 204) p-Valueb

LDL cholesterol (mg/dl) 445 118.9 ± 32.6 111.7 ± 30.5 121.7 ± 34.5 .070b

Triglyceride (mg/dl) 454 123.3 ± 71.6 111.7 ± 60.5 134.6 ± 79.6 .001b

HDL cholesterol (mg/dl) 446 59.0 ± 16.2 64.5 ± 16.6 53.6 ± 13.8 b.001b

HbA1c (%) 415 5.2 ± 0.4 5.1 ± 0.4 5.2 ± 0.5 .618b

Risk factors

n All ACHD Female ACHD (n = 239) Male ACHD (n = 266) p-Valuec

Diabetes mellitus (%) 551 4.0 3.0 4.9 .254c

Hypertensive agents (%) 551 41.7 38.0 45.3 .083c

Positive family history (%) 551 14.0 14.7 13.3 .653c

Current smoker (%) 551 10.9 9.4 12.3 .530c

Risk scores

n All ACHD Reference p-Valuea Female ACHD (n = 239) Male ACHD (n = 266) p-Valueb

PROCAM quick check 551 2.5 ± 4.9 3.8 ± 5.2 b.001a 1.3 ± 3.4 3.6 ± 5.7 b.001b

PROCAM health check 445 1.8 ± 3.5 3.9 ± 5.3 b.001a 1.1 ± 2.8 2.5 ± 4.0 b.001b

ACHD: Adults with congenital heart disease, BMI: Body mass index, BP: blood pressure, LDL: low density lipoprotein, HDL: high density lipoprotein.
a t-Test for paired samples for the PROCAM scores between patients and reference.
b t-Test for unpaired samples between female and male adults with congenital heart disease.
c Chi-square test between female and male adults with congenital heart disease.
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Themechanismshowgenetics and environmental risk factors act to-
gether are not fully explored. However, animalmodels and human stud-
ies showed that hypoxia has negative effects on glucose metabolism
[14]. Therefore, further research has to address how cyanosis in infancy
or reduced oxygen saturation in ACHD (e.g. in Eisenmenger patients)
may expose those patients to higher risk for diabetes.
Fig. 1. PROCAMquick check in female andmale ACHD and the age-related reference. Blue dots:
with congenital heart disease, red line: female reference, ACHD: Adults with congenital heart d
4.2.2. Smoking
Smoking is a major cause for cardiovascular disease due to various

reasons such as increased platelet aggregability, reduced HDL choles-
terol, and arboxyhemo-globinemia [30]. In our cohort of ACHD only
10.9% were smokers which is much less than in the German population
with 29.7% [31]. Other studies also suggest that this major risk factor is
male adults with congenital heart disease, blue line:male reference, red dots: female adults
isease.



Fig. 2.PROCAMhealth check in female andmaleACHDand the age-related reference. Blue dots:male adultswith congenital heart disease, blue line:male reference, red dots: female adults
with congenital heart disease, red line: female reference, ACHD: Adults with congenital heart disease.
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well controlled in ACHD as prevalence is estimated at 13.5% in the
Netherlands [32], 17.5% in Belgium [12], 19.4% in the UK [28], and only
2% in the US [10]. The latter might also explain the low 10-year risk of
a major cardiovascular event in this study because “smoking”, is one
of the strongest determinants in the PROCAM score [20]. Definitely, all
of these are cardiovascular risk factors but they contribute different to
the overall risk stratification, and the low prevalence of smoking could
help to explain the overall lower 10-year risk in our study.

4.2.3. Dyslipidemia
Findings on dyslipidemia or lipid levels in general are underexplored

and controversial. In a German-wide study 11.4% of the healthy adults
had a reduced HDL cholesterol in comparison to only 8.3% of the ACHD
in this study [33]. Moreover, only 3.4% of our ACHD had increased LDL
cholesterol levels and26.0% increased triglycerides. Lower LDL cholesterol
levels in ACHDwere also seen in other studies [10,18] whereas, triglycer-
ides remained similar compared to a reference cohort [18]. HDL choles-
terol was decreased in 28% [10] or significantly lower compared to a
German reference cohort [18]. From the variety of the studies on lipids
it remains questionable that there is an environmental or genetically de-
termined risk in patients with CHD. In cyanotic CHD it is quite the con-
trary, where persistent hypoxia may trigger secondary erythrocytosis,
hyperbilirubinemia, lower cholesterol levels, and atherosclerotic risk [34].

4.2.4. Hypertension
Compared to the German reference [35], our ACHD have a lower sys-

tolic (ACHD: 121mmHg vs. reference: 126mmHg) and a slightly lower
diastolic blood pressure (ACHD: 75 mm Hg vs. reference: 78 mm Hg).
The difference of the blood pressure is minimal andmaybe due to differ-
entmeasurementmethods, however, the lower blood pressuremight be
because these patients are closely examined in a tertiary center and are
diagnosed with hypertension earlier than normal hypertensive patients
are. That would also explain the extensive hypertensive therapy that
42% of our patients followed. It should be considered that ACE inhibitors,
diuretics or beta-blocker were often prescribed to ACHD due to other
reasons than hypertension. That could have been overestimated the
risk factor “hypertension” in this cohort. However, it should not have
confounding effects on the PROCAM 10-year risk calculation since
blood pressure and hypertensive medication were part of the variables
and nevertheless, the administration of such agents has a hemodynamic
effect and thus reduce cardiovascular risk.

In contrast, other studies found a higher prevalence of hypertension
in ACHD [11,12] and in several ACHD subgroups higher arterial stiffness
(the ability of the vessels to dilate and recoil) was found [36]. In addi-
tion, cyanotic patients, [24], patients after repaired coarctation of the
aorta, [25] and patients with Fontan circulation were described with
an impaired endothelial function [26].

4.2.5. Overweight and obesity
The prevalence of overweight in the present study is similar to the

German reference values in female ACHD (ACHD: 28.7%, reference:
27.8%), but lower inmale ACHD (ACHD: 41.9%, reference: 47.1%). In gen-
eral, obesity is less prevalent in female and male ACHD compared to the
German reference (female ACHD: 9.8%, reference: 18.6%; male ACHD:
16.9%, reference: 22.9%). In male ACHD, lower prevalence of overweight
and obesity was also found in Sandberg et al. [16] and also Zomer and
colleagues reported less obesity in all ACHD [37]. In the most recent
study from the UK, 42.8% of the 3069 patients were overweight. How-
ever, it is worth to mention that patients with higher BMI had a lower
mortality, especially in symptomatic patients with complex cardiac de-
fects [38]. In the literature this phenomenon is known as obesity paradox
and crucial for patientswith CHDbecause fast cardiac cachexia can occur
due to heart surgeries or cardiac decompensations. So overweightmight
be a risk factor for atherosclerosis driven cardiac event in the general
population.

4.2.6. Physical activity
Most of our ACHDcohort (56.5%) reportedfive ormore days of phys-

ical activity andmet theWHO recommendation of 150min physical ac-
tivity per week, which is above the German average of 39% [39]. This
confirms objective measures from our institution [40]. A physically ac-
tive lifestyle is an important issue of all the medical staff at the German
Heart Centre in Munich and a cornerstone of our aftercare. So, it cannot
be ruled out that the beneficial risk factor profile in regards to physical
activity is a result of recommendations for active behavior at our
institution.



Fig. 3. Distribution of the single risk factors in all ACHD. LDL: low density lipoprotein, HDL: high density lipoprotein.
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4.3. Clinical relevance

Coronary artery disease seems to be rare and not more frequent in
ACHD compared to healthy controls in this study as well as described
in Giannakoulas and colleagues [17]. Especially cyanotic ACHD seems
to be on a lower risk for atherosclerotic cardiovascular events [41].
These findings are confirmed as vascular issues contributed only to ei-
ther 12.2% or 14.3% of all deaths in two national registries, and patients
Table 2
Cardiovascular risk factors in ACHD regarding CHD classification.

n Female
(%)

Age
(years)

Systolic BP
(mm Hg)

LDL
(mg

Aortic stenosis 60 33.3 42.0 ± 8.9 119.8 ± 11.5 128.
Coarctation of the aorta 44 40.9 41.5 ± 0.1 124.0 ± 14.9 114.
Cyanotic native/palliated 30 70.0 47.6 ± 9.6 114.9 ± 17.9 100.
Ebstein anomaly 28 57.1 50.1 ± 11.6 122.7 ± 17.8 118.
Fontan circulation 34 29.4 41.0 ± 6.7 118.1 ± 15.2 101.
Isolated shunts 101 55.4 47.7 ± 11.8 125.5 ± 15.2 126.
Pulmonary stenosis 23 56.5 46.4 ± 15.0 128.9 ± 16.1 128.
Tetralogy of Fallot 100 46.0 42.5 ± 8.6 120.3 ± 16.0 116.
TGA after Rastelli/ccTGA 27 70.4 45.0 ± 10.4 116.1 ± 13.3 118.
TGA Senning/Mustard 67 34.3 39.8 ± 4.9 119.8 ± 13.3 117.
Others 37 64.9 43.9 ± 9.6 121.5 ± 10.9 122.

ACHD: Adults with congenital heart disease, CHD: Congenital Heart Disease, TGA: Transposition
blood pressure, LDL: low density lipoprotein, HDL: high density lipoprotein.
with CHD died from other non-cardiovascular reasons such as progres-
sive heart failure or sudden cardiac death [42]. Controversial are the re-
sults of Afilalo and colleagues outlining a large burden of atherosclerotic
disease [43].

Furthermore, it is questionable if the risk factors included to the
PROCAM scores cover the actual risk of a cardiovascular event in
ACHD. It is unknown whether and to what extent congenital lesions
leave coronary arteries more vulnerable to premature coronary artery
cholesterol
/dl)

Triglyceride
(mg/dl)

HDL cholesterol
(mg/dl)

PROCAM
quick check

PROCAM
health check

0 ± 32.7 151.6 ± 103.6 59.3 ± 15.4 2.5 ± 4.4 2.0 ± 3.2
4 ± 26.4 111.0 ± 55.5 61.4 ± 22.6 1.9 ± 3.4 1.1 ± 1.6
0 ± 30.1 109.2 ± 44.4 55.8 ± 14.6 1.2 ± 1.3 1.2 ± 2.0
2 ± 23.8 102.2 ± 47.7 62.5 ± 13.0 3.8 ± 5.9 2.0 ± 3.4
9 ± 28.6 115.6 ± 54.9 51.1 ± 10.3 3.1 ± 6.5 1.3 ± 2.2
0 ± 36.5 127.4 ± 68.0 61.0 ± 15.7 4.4 ± 7.6 3.2 ± 5.2
7 ± 34.8 148.1 ± 73.6 58.0 ± 15.4 3.7 ± 6.7 4.7 ± 8.5
8 ± 27.7 119.1 ± 73.3 57.2 ± 15.4 1.6 ± 2.7 1.1 ± 1.5
2 ± 35.6 135.2 ± 92.8 60.7 ± 15.5 2.1 ± 3.8 1.3 ± 1.9
0 ± 32.6 111.7 ± 66.1 56.9 ± 16.3 1.6 ± 2.5 1.1 ± 2.0
0 ± 37.8 128.7 ± 65.6 61.7 ± 17.9 1.3 ± 1.9 1.2 ± 2.2

of the Great Arteries, ccTGA: congenital corrected Transposition of the Great Arteries, BP:
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disease, especially in patients with anatomical abnormalities of the cor-
onary arteries, coronary arteries that were manipulated as part of the
surgical repair, and conditions associated with widespread vasculopa-
thy [44]. Likewise, it is not clear how premature stiffening of the arterial
vessels contributes to heart failure and atherosclerosis in this patient
population [36].

Nevertheless, it is important to control the risk factors included to
the PROCAM scores in ACHD by the medical staff in tertiary centers to
minimize the risk of a cardiovascular event based on these risk factors.

5. Conclusion

ACHD have lower risk factor profile for a major cardiovascular event
within the next ten years compared to the German reference. In addi-
tion to the risk factors included in the PROCAM score, ACHD seem to
have a healthier lifestyle. Whether the reduced risk calculated from
the PROCAM scores really translates to a reduced risk for acquired car-
diovascular events in patients with CHD, has to be confirmed in the
long-term follow-up of this cohort.

6. Limitations

The PROCAM has not been prospectively validated in patients with
CHDand these calculators have been criticized as underestimate cardio-
vascular risk in specialized populations [45].

The German Heart Centre in Munich is a specialized center for CHD
and the majority of ACHD have defects of severe complexity. This
might bias the results, as it does not show the real distribution of CHD
severity in the usual population of ACHD. Furthermore, all ACHD from
our institution are encouraged to adopt a healthy and active lifestyle
and could therefore represent a healthier subgroup.

The PROCAM score covers a broad age range which makes the re-
sults also more robust in younger age groups. However, it was built
from the general German population and it is not clear that the esti-
mates could be adapted for patients with CHD. The PRCOCAM scores
should further be calculated before lipid-lowering drugs are prescribed
which was not possible in our context. However, only 2.5% took lipid-
lowering drugs and thus the impact can probably be neglected.

Additional risk factors contributing to cardiovascular events in ACHD
are not identified so far and long-term outcomes are needed to validate
the predictive value of PROCAM and other scores in ACHD.
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