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The dramatically improved survival and clinical outcomes of children 
with congenital heart disease (CHD) has allowed attention to shift 
towards less basic, but nevertheless very important other issues 
influencing course of life of adults with CHD. This includes aspects 
of education, employment and career, personal development, 
relationships and offspring, insurability, lifestyle, quality of life and the 
chance to develop other diseases. Care for adults with CHD should 
therefore not only comprise care for survival and medical treatment, 
but also include attention for socio-economic aspects and the 
challenges that are thereby faced. To be able to provide such care, 
more insight into these aspects is needed. Unfortunately, attention 
within the medical field for socio-economic outcomes is still limited. 
This thesis describes several studies that were conducted to gain more 
insight in socio-economic aspects of adults with CHD.
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APPROACH-IS  Assessment of Patterns of Patient-Reported Outcomes in Adults with 

Congenital Heart disease – International Study
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CHD  congenital heart disease
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COCO  COgnition in COngenital heart disease study
CONCOR   CONgenital CORvitia (Dutch national CHD registry database and DNA 
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GUCH  grown-up congenital heart disease
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ICD-10  International Classification of Diseases
IMF  International Monetary Fund
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ISACHD  International Society for Adult Congenital Heart Disease
LAS  linear analogue scale
LVF  left ventricular function
MRI  magnetic resonance imaging
NCR  Netherlands Cancer Registry
NPE  neuropsychological examination
NYHA  New York Heart Association
OECD  Organisation for Economic Co-operation and Development
OR  odds ratio
PALGA   Pathologisch Anatomisch Landelijk Geautomatiseerd Archief 
  (nationwide network and registry of histo- and cytopathology in the  
  Netherlands)
PM  pacemaker
PROs  patient-reported outcomes
QOL  quality of life
RVF  right ventricular function
SD  standard deviation
SIR  standardised incidence ratio
SF-12  12-item Short-Form Health Survey (version 2)



SWLS  satisfaction with life scale
TOF  tetralogy of Fallot
VSD  ventricular septal defect
WAS  work ability score
WHO  World Health Organization
WMH  white matter hyperintensities
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InTRODuCTIOn

From survival to long-term outcomes
From all congenital diseases, congenital heart disease (CHD) occurs most frequently and 
is responsible for most infant deaths 1. Before the development of cardiac surgery, prog-
nosis was poor and survival mostly limited to the milder forms. It wasn’t until the fifties 
and sixties of the 20th century that intracardiac surgical options extended rapidly and 
prognosis thereby dramatically improved 2, 3. This has led to survival rates comparable to 
the general population for patients with mild CHD, but still reduced survival in patients 
with more severe CHD 4. The prevalence of adult CHD is estimated between 3 to 6 per 
1000 adults 5, 6. The amount of alive adults with CHD nowadays exceeds the number of 
children, resulting in an increasing population of adults with a ‘new chronic disease’: 
adult or grown-up congenital heart disease (also known as GUCH). This population has 
often undergone cardiac surgery and is at increased risk for related hospital admissions 
and comorbidity later in life 7, 8. 

The dramatically improved survival and clinical outcomes has allowed attention to 
shift towards less basic but nevertheless important other issues influencing course of 
life and quality of life (QOL). This includes aspects of education, employment and career, 
personal development, relationships, offspring, insurability, lifestyle and the chance to 
develop other diseases 9. All these aspects can be influenced by CHD. Most research in 
this field shows social arrears among adults with CHD. However, although increasing, 
attention within the medical field for socio-economic outcomes is still very limited.

Several factors may explain long-term effects of CHD. First, medical factors regarding 
the disease itself. CHD often requires cardiac surgery, frequently more than once, to be 
treated. This implies hospital admissions, mostly during childhood, varying from one 
or two days to lengthy intensive care stays. Furthermore, cardiac surgery and the use 
of cardio-pulmonary bypass are associated with (neurological or cognitive) morbidity 
10. Besides, most cardiothoracic surgery leads to a visible thoracic scar, which can have 
a psychological impact or lead to stigmatisation 11, 12. Other medical factors that may 
influence long term outcomes are the chronic use of medication, the increased chance 
of related comorbidities (such as congestive heart failure, arrhythmias and the need 
for pacemakers or ICD’s) and an increased chance of developmental and psychological 
disorders 8, 9, 13. Second, long-term consequences of CHD may also be the result of a 
different upbringing. Having a child with a chronic illness influences parental control and 
upbringing and family dynamics 14. All these issues mentioned here can have an effect 
on education, identity formation and social development 15, 16. To which extend this influ-
ences course of life, especially education and employment later in life, is still not clear.
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1Employment in CHD
Our research group previously found less job participation and lower education in adult 
patients with CHD in the Netherlands 17. It inspired us to do more research in this field. 
In this cross-sectional cohort study, Zomer et al. compared answers from a questionnaire 
on demographic, occupational and lifestyle items between adults with CHD and the 
general population. It showed that in the Netherlands, employment rates and incomes 
were lower for adults with CHD compared to the general population, especially in severe 
CHD. Ten years before, Kamphuis et al. had found similar results for the Netherlands 18. 
Apparently, in the meantime, the situation had not significantly changed. Research from 
Germany showed decreased employment in especially men with CHD compared to the 
general population 19. However, studies from Finland and Sweden found good employ-
ment rates in CHD patients comparable to or even better than the general population 
20, 21. So whereas information on employment in CHD is already quite scarce, outcomes 
are also conflicting. Opposed to other chronic diseases, contributing factors for work 
disability in adult CHD are yet not known. Knowledge of patient- as well as work- or 
country-related factors that might influence employment and work ability seem to be 
lacking at all and were therefore the aim of part of our studies.

Insurance and mortgage issues
In addition to limitations at work, patients often mention problems with obtaining insur-
ances and mortgages. Difficulties with insurance applications do not seem to decrease, 
even though CHD prognosis still improves and insights in late survival of adults with CHD 
are globally increasing 22. The reason is not completely clear. CHD is a very heterogenic 
group of diseases, including everything from mild to very complex defects with different 
prognosis and morbidity, which may hinder the development of specific guidelines for 
insurance companies. Specific and sufficient knowledge on prognosis and morbidity of 
complex lesions might not be available. Another explanation could be that different in-
surance companies have different regulations that are not always transparent. We won-
dered if obtaining insurances and mortgages is still considered a challenge for patients, 
and if so, how this could be improved. Facilitating patients in providing essential clinical 
information could be a relatively simple way to help patients and insurance companies, 
based on the assumption that lack of information plays a pivotal role.

The heart and the brain
Children with CHD are at increased risk of developmental delay or disorders. The 
causes seem multifactorial and can occur at different stages: in utero with abnormal 
foetal brain development, an increased risk for perinatal cerebral injury or later in life 
by peri-operative problems or fewer educational possibilities. CHD is also frequently 
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seen in combination with other anomalies or as part of syndromes that often involve 
neurological or cognitive problems. For example, approximately half of the children with 
Down syndrome has some form of CHD 23. Whereas neurological consequences of CHD 
receive increasing attention, most of the previous research has focused on neonates 
and children. Whether these abnormalities still exist in adults and if so, if they might 
be responsible for the reduced job participation that is seen in adults with CHD, is not 
known and was therefore one of the questions of this thesis.

With the increasing attention for possible brain damage in CHD, education in CHD has 
also gained attention. But unfortunately, results on educational levels in CHD are still 
not encouraging. In 1992, lower educational levels in CHD patients were described by 
Kokkonen et al 24. Nevertheless, studies from 2011 and 2016 still report lesser probability 
on educational attainment and poorer academic achievements in children with CHD 25,26.

Long term effects of CHD
There might be a price to pay for the increased survival in CHD. A substantial part of 
the improved and advanced investigations, procedures and treatment options in con-
genital cardiology is accompanied by exposure to ionizing radiation. Ionizing radiation 
is potentially carcinogenic 27. CHD patients are often exposed to radiation near sensi-
tive localisations of the body and during childhood or puberty, the most sensitive time 
for harmful effects 28. We feared that this may lead to an increased cancer incidence. 
Although the hazardous effects of medical radiation receive increasing attention, there 
is not much known about cancer incidence in adult CHD. Previous studies in children 
suggest an increased incidence and just recently, a Canadian study found an increased 
cancer prevalence in adult CHD patients 29,30. In the Netherlands, data on cancer diagno-
sis are collected from all patients with a confirmed malignant diagnosis through PALGA, 
the nationwide network and registry of histo- and cytopathology. This unique national 
registry gives us the opportunity to calculate precise cancer incidence in CHD patients 
and to compare this to the age- and sex-related general population.

Quality of life: what doesn’t kill you makes you stronger? *

Despite the dramatically improved survival, a lot of - mostly negative – socio-economic 
consequences of CHD are mentioned here. However, for an individual patient, QOL may 
be equally or even more important than solely life expectancy. Measuring QOL is also 
important to understand the impact of disease and its treatment. Several countries 
have published studies on QOL in CHD with different outcomes. However, methods 
varied strongly in approach and quality 31. Whether different methodological approaches 
caused these inconsistencies or results reflected actual differences in QOL, is questioned. 

* adapted from the title of the thesis of dr Silke Apers on QOL in CHD (2015)
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1Therefore, together with the International Society for Adult Congenital Heart Disease 
(ISACHD), 15 countries collaborated to investigate QOL in adults with CHD through uni-
form methodology, resulting in the APPROACH International Study that is described here.

In conclusion, in some of the socio-economic issues investigated in adult CHD, results are 
conflicting. This could be a time-effect in a rapid developing field, where patients born 
50 years ago cannot be compared to patients with the same defect born in the current 
century. It could also depend on different definitions or methodologies that are used. 
The often mentioned decreased socio-economic outcomes are sometimes surprising, 
considering all the positive developments in this field in the last decades. Therefore, 
despite all the improvements in treatment and survival, the question is:
‘Are the lives of adults with CHD indeed still less ordinary?’
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OuTLInE OF THE THESIS

Regarding the above, care for adults with CHD should not only comprise care for survival 
and medical treatment, but also include attention for socio-economic aspects of adult 
CHD and the challenges that are thereby faced. To be able to provide such care, more 
insight into these aspects is needed. This thesis describes several studies that were 
therefore conducted.

COnCOR
All the Dutch CHD patients that are described in this thesis originated from the CONCOR 
registry. In the Netherlands, from 2001 onwards, adults with CHD are longitudinally fol-
lowed through the ongoing Congenital Corvitia (CONCOR) registry 32. It also consists of a 
DNA bank, creating possibilities for research on the aetiology and outcome of adult CHD. 
After informed consent is given, trained nurses collect data on CHD and comorbidity. 
Early 2017, over 16200 patients from 107 different hospitals in the Netherlands were 
included (www.concor.net). Over half of the registered patients originate from tertiary 
referral centres. CHD comprises many disorders and many patients suffer from several 
different defects. Therefore, the European Paediatric Cardiac Code Short List coding 
scheme is used for classification. For multiple diagnoses in one patient, a pre-specified 
hierarchical scheme based on severity of diagnoses is used, establishing the diagnosis 
with the worst prognosis as the main diagnosis 33. For research purposes, a classification 
schedule suggested by Warnes et al. is used to categorize disorders as mild, moderate 
or severe 34.

APPROACH-IS
Several chapters in this thesis describe research from APPROACH: the Assessment of Pat-
terns of Patient-Reported Outcomes in Adults with Congenital Heart disease – Interna-
tional Study. This international, cross-sectional cohort study investigates several patient 
reported outcomes through self-administered questionnaires. Through international 
collaboration, subjective data from over 4000 patients from 24 centres in 15 countries 
were collected on the following domains: perceived health status, psychological func-
tioning, health behaviours, QOL and socio-demographic outcomes. APPROACH-IS was 
initiated because of the previously mentioned inconsistent results on these domains in 
adult CHD. Therefore, an international study with a uniform (translated) questionnaire in 
all countries was initiated. CONCOR patients from five selected hospitals were randomly 
selected to participate in APPROACH-IS. In total, 441 patients were invited to participate. 
Response rate for the Netherlands was 58%; 165 patients were lost to follow-up and 20 
patients refused to participate. In total, 256 Dutch patients were included in this study. 
Respondents from the Netherlands were more often female (53% versus 39% of non-
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1responders) and younger (median age 32, interquartile range (IQR) 25–42 years) than 
non-responders (38, IQR 31–47 years). Details of the methods are extensively described 
in chapter 4. Other participating countries besides the Netherlands were Argentina, 
Australia, Belgium, Canada, France, India, Italy, Japan, Malta, Norway, Taiwan, Sweden, 
Switzerland and the United States.

In the first chapters of this thesis, the current status of employment in CHD is investi-
gated. In chapter 2, occupational challenges of young adults with CHD are extensively 
explored through qualitative research into barriers and facilitating factors experienced at 
work. This study aims to provide a theoretic background for possible future interventions 
to improve the employment situation for adults with CHD. In chapter 3, in the previous 
mentioned study by Zomer et al on the social burden in CHD 17, gender aspects were 
studied into more detail by comparing male and female patterns in employment in CHD 
patients and in the general population.

In chapter 5, the main results on QOL in CHD from APPROACH-IS are presented. Details 
on employment status, work ability and limitations at work in adult CHD are investigated 
within APPROACH-IS and described in chapter 6, also focusing on international differ-
ences. 

To investigate possible cerebral damage in adult CHD, the COCO study (COgnition in 
COngenital Heart Disease) was initiated. It is described in chapter 7. In the COCO study, 
structural brain damage and cognitive outcomes in adults with tetralogy of Fallot (TOF) 
are studied and an attempt is done to relate them to limitations at work.

Challenges in insurance and mortgage issues in CHD are explored with the use of a 
questionnaire and compared to results from a reference group, as described in chapter 8. 

To determine the incidence of cancer in adult CHD, over 16000 patients included in 
CONCOR were linked to the Netherlands Cancer Registry (NCR). The incidence of cancer 
in patients with CHD was compared to the cancer incidence of the sex- and age-controlled 
general population of the Netherlands and standardized incidence ratios are presented. 
Furthermore, the distribution of the specific types of cancer and which CHD patients 
would be most at risk are investigated. The study is presented in chapter 9.

Finally, the main results presented in this thesis are discussed in chapter 10 and com-
pleted with some future perspectives. The thesis is summarized in chapter 11.
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AbSTRACT

background
Despite improved survival of adults with congenital heart disease (CHD), higher rates of 
unemployment and work-related problems are seen, especially among younger adults. 
This study was performed to gain insight into current barriers and facilitating experiences 
at work among young adult patients with CHD.

Methods
This qualitative study consisted of semi-structured face-to-face interviews, based on a 
self-constructed model from several existing models, which were held among outpa-
tients with CHD from a large tertiary referral centre. Verbatim transcribed audio-taped 
data were analysed using a directed model-based content analysis approach.

Results
After fifteen patients (mean age 28 years, range 22–35), data saturation was reached. 
Work was important for all participants. Several barriers and facilitating factors were 
identified. Barriers were mostly on physical aspects and lack of opportunities to recover. 
Important facilitating factors were good relationships with colleagues and employer and 
having sufficient opportunities for recovery. Most of these factors are also seen among 
patients with other chronic diseases, but with a different priority.

Conclusions
This is the first study that has identified qualitative factors at work of young adult CHD 
patients. Work is important to them. Challenges are dealing with the physical barriers 
and getting enough support from colleagues. Specific coaching or a tailored group 
intervention could thereby be helpful. Future research should aim at the aetiology of 
problems and identifying patients who would benefit most from specific coaching.
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InTRODuCTIOn

The number of patients with congenital heart disease (CHD) who reach adulthood has 
grown extensively over the last decades. Due to the great development in techniques, 
CHD has more and more become a chronic disease 1, 2. Aspects such as education and 
work therefore become increasingly important and are sometimes even more important 
contributors to quality of life than health status itself 3, 4. Socio-economic outcomes among 
adults with chronic diseases are far from optimal, with unemployment rates nearly twice as 
high compared to healthy individuals 3. Several studies have identified factors contributing 
to maintain at work among different kinds of chronic diseases such as rheumatoid arthritis, 
asthma and ischaemic heart disease 3, 5. Previous studies have shown that most patients 
with CHD are able to work, although higher rates of unemployment are seen in most obser-
vational studies compared with the general population, especially among severe CHD 6–10. 
Physical problems are often reported as a reason 11. A recent study from our group showed 
that patients with (even mild) CHD, especially patients under the age of 40 years, were more 
often unemployed, worked less hours and had lower incomes than their healthy peers 8. 
Although socio-economic outcomes in CHD need to improve, specific information on the 
experiences and needs of employees with CHD at work is lacking. Therefore, this study 
aims at exploring barriers and facilitating factors adults with CHD experience at work. This 
will help us gain better understanding and suggest possible strategies on how to intervene.

METHODS

Qualitative research was conducted to explore experiences at work among young adult 
patients with CHD through semi structured in-depth face-to-face interviews 12. The study 
followed the ethical recommendations of the Declaration of Helsinki 13. COREQ criteria 
were used as the fundament to report the data 14.

Instruments and procedures
The structure of our self-developed interview was based on a model we constructed from 
several existing models, based on a theoretical framework (Table 1). This framework con-
sisted of a combination of the classical ‘Workload - work capacity model’ 15, the ‘Effort and 
recuperation model’ 16, the ‘Structure of the psychosocial work environment model’ of the 
QEEW (Questionnaire Experience and Evaluation of Work) 17 and information from qualita-
tive studies in other patient populations. Barriers that were described in the literature were 
mostly on physical job demands, low social support and fatigue 5. We added specific items 
for patients with CHD that are known from the literature, such as the feeling of being differ-
ent, revealing or hiding the CHD and coping with the disease and the healthcare system 18, 19.
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The interviews consisted of questions on demographic items, including information 
about education and the contents of the patient’s current work, working times, type of 
contract and job choice. Besides this, experienced barriers as well as facilitating factors at 
work in relation to the CHD were the main subject of the interview. During the interview, 
participants were encouraged to speak openly to gain more in-depth information. To 
improve reliability, the interviewer recapitulated important parts of the answers given 
during the interview for member checking. A pilot interview was performed to pre-test 
the usability of the interview with feedback from an experienced interviewer. The inter-
viewer (SdM) had no relations with the selected patients and was not directly involved 
in their care.

Patients were screened between February and April 2012 through information in their 
medical files. All patients were treated in one large outpatient cardiology clinic from a 
tertiary referral centre in the Netherlands. Patients were eligible if they had known CHD, 
they were or had been engaged in paid work in the past 6 months (following the defini-
tion of Statistics Netherlands), had a full understanding of the Dutch language and were 
aged between 20 and 35 years. Patients with mental retardation or severe comorbidity 
were excluded. Heterogeneity in CHD severity, age, gender, jobs and clinical classification 
according to the New York Heart Association (NYHA) was intended. CHD severity was 
based on a consensus-based classification scheme 20. An information letter was sent to 
selected patients in advance. Patients were approached to participate after their regular 
appointment at the outpatients clinic. Informed consent was obtained verbally. All inter-
views were held in Dutch (the native language for both interviewer and interviewees) 
and were audio-taped. The interviews lasted between 18 and 56 min (mean duration 
34 min). All interviews but one were held in a private room of the outpatient clinic. One 
interview was held, on request, at the participant’s home. In five interviews a partner or 
parent of the participant was present and able to contribute to the interview. All sup-
ported the patient’s opinions.

Data analysis
All interviews were verbatim transcribed and analysed with the directed content analysis 
approach by two researchers (SdM and MS) 21. This analysis approach consists of identify-
ing meaningful text fragments, selective open coding and interpretation. Our own model 
was used as a frame for coding the data (Table 1). After coding, analyses were compared 
and differences were discussed until consensus was reached. To increase reliability of 
the analysis, three interviews were read and open coded by a third researcher (JS). Data 
saturation was checked during the process and reached after participant 14. Negative 
case analyses consisted of discussion within the research team. Illustrative quotations 
were selected from different interviews by the research team. MAXqda 10 software 
[Kuckarts, Udo. Berlin, Germany] was used for analysis.
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RESuLTS

Participants
In total, 15 patients were interviewed between April and May 2012. Twenty-four patients 
were preselected and asked to participate. Patients who did not participate did not have 
time (7 patients) or did not fulfil the criteria (2 patients did not work). Eight patients 
were male and the mean age of the participants was 28 years (range 22–35 years). 
Demographic and work characteristics are described in Table 2. Three participants were 
not working or worked less hours due to recent surgery, but had been working in the 
past 6 months. With these participants, working experiences were discussed from the 
period before and after surgery. One patient with comorbidity was not excluded because 
he did not experience any limitations in his very demanding job and could therefore con-
tribute important information. All participants attended at least secondary school. CHD 
had affected job choice in 5 participants. One participant performed a less physical job 
than he desired. The other 4 participants worked at a lower level than their educational 
level. Overall, work played an important role in the daily lives of all participants. Two 
participants, with mild and moderate CHD and NYHA I, experienced neither barriers nor 
facilitating factors at work that could be related to their CHD. Two participants with mod-
erate CHD and NYHA I only experienced facilitating factors. The other 11 participants, all 
NYHA II but with ranging severity of CHD, experienced barriers and facilitating factors. No 
participants experienced only barriers. Tables 3 and 4 show all reported factors.

barriers
The factors that were most frequently mentioned as barriers for work functioning are 
described below (Table 3).

Physical aspects
Participants often experienced the physical load of their work as too high, frequently 
leading to being less able to perform their job correctly. When working in a warm en-
vironment (heavier physical condition), multiple participants experienced problems of 
tiredness and complaints of dyspnoea.

[…when my colleagues think it is just warm outside, I get really short of breath…]
[Participant 6, P6]
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Lack of opportunity for recovery and processing capacity
Most participants had problems with the balance between workload and the physical 
processing capacity they need for the job. Some of the participants experienced too little 
opportunity for recovery to preserve a good balance in work and private life, due to their 
increased need for recovery after work. This was mostly expressed as being fatigued 
during a working day. Fatigue was often more present after working several days in a 
row and was often experienced to be more present than in their healthy colleagues. A 
barrier mentioned by several participants was hours of work or working several days in a 
row. For some patients working full time was not possible, because they were not able to 
recover enough before returning to work.

[…as the day progresses I get tired quite quickly. Even though I do seated and not very 
physical work, I get tired very quickly anyway.] [P7]

Some participants had a problem with the balance between workload and the cogni-
tive processing capacity needed for the job. When workload was too high or processing 
capacity too low, participants experienced a decreased concentration ability during their 
workday.

[… than you will read a sentence two, three times. And you just do not get it, you just 
do not take it in fully. That is when I think: ‘I’ll have to leave it for another day.’] [P1]

Relationships with employer
Problems were experienced with employers when they could not understand the con-
sequences of CHD for their employees. Therefore, some participants had been forced 
to transfer to a different job. Another patient had to arrange most of her rehabilitation 
at work after surgery without the support of her employer. For most participants these 
experiences were difficult to go through. Some participants experienced problems in 
their career opportunities. Applying for a job was difficult for some participants, partly 
due to physical limitations as well as experienced social disadvantage. Due to this, four 
participants worked at a lower level than their educational level. For most of the patients, 
the decision to tell the employer about their CHD had been difficult and well-considered.

[…At that time I noticed that it was difficult to apply…usually I was too honest about 
my CHD and then you would not get the job.] [… I can actually do a lot more, so that’s 
a shame.] [P11]

Facilitating factors
Facilitating factors for work functioning with CHD are mentioned in Table 4. The most 
important factors are described below.
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Table 2. Demographic, work and clinical characteristics of the study population.

Participant Sex Age Diagnosis Severity nyHA Type of work Operation, remaining defect Hrs work/
week

1 F 23 PS Moderate II Nursing student Balloon pulmonary valvuloplasty at age 9; remaining mod. PR and PS. 38 – 40

2 M 26 CoA, BAV Moderate I Gardener Corrected through subclavian flap at age 6; BAV with good function. 45 – 54

3 M 29 Supravalvular AS Moderate II Administrative 
assistant

Corrected in childhood. 38

4 M 22 TOF Moderate I Team leader Corrected at age of 2; homograft at age 22, remaining mild PR and PS. 40

5 F 27 Subvalvular AS Moderate I PhD candidate Mild AR and AS. 50

6 M 29 TGA Severe II Window cleaner Arterial switch in first year; patch in RVOT because of PS at age 20, remaining mod. PR; systemic 
LV with good function.

21

7 M 24 TOF Moderate II Laboratory technician Corrected in first year; homograft at age 17, remaining mild PR and mod. PS. 32

8 F 27 BAV with sever AS, 
dilated root

Moderate II Day care centre Aortic root replacement at age 27 (recent). 32

9 F 35 TGA, VSD, 
overriding aorta

Severe II Hairdresser Arterial switch and closure of VSD at age 2. Bentall surgery because of sev. AR at age 34. 
Decreased LV and RV function.

25

10 F 32 Pulmonary atresia, 
VSD

Severe II Sales assistant in 
parents’ fish shop

Patch in RVOT at age 2; closure of VSD at age 4; severe PR, PAH, ventricular tachycardia. 16

11 F 32 ccTGA, VSD, PS, 
situs inversus, 
dextrocardia

Severe II Management assistant VSD closure at age 3, pacemaker implantation due to postoperative AV-block; balloon 
valvuloplasty; systemic RV; mild PR, mod. PS.

15

12 M 24 BAV with severe AR Mild II Administrative 
assistant

Bentall surgery at age 24 (recent). 40

13 M 28 Interrupted aortic 
arch, VSD

Moderate II Excavation worker 
(digger)

Both corrected in first year; re-operation at age 9 with Dacron bypass; bronchus obstruction 
from bypass at age 19.

40

14 F 34 Tricuspid atresia, 
VSD, ASD 2, PS

Severe II Receptionist Palliated at age 1 by central aortic-pulmonic shunt, Fontan surgery at age 6, re-operated at age 
18 and 34 (recent).

12

15 M 26 ASD 2 Mild I PhD candidate Surgical closure at age 2. Remaining RV dilatation. 60

Abbreviations: F = female, M = male, NYHA = New York Heart Association (functional class), 
PS = pulmonary stenosis, PR = pulmonary regurgitation, CoA = coarctation of the aorta, 
BAV = bicuspid aortic valve, AS = aortic stenosis, TOF = tetralogy of Fallot, AR = aortic regurgitation, 
TGA = transposition of the great arteries, RVOT = right ventricular outflow tract, LV = left ventricle, 
RV = right ventricle, PAH = pulmonary arterial hypertension, ccTGA = congenitally corrected transposition 
of the great arteries, VSD = ventricular septal defect, ASD 2 = atrial septal defect type 2.  
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Table 2. Demographic, work and clinical characteristics of the study population.
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4 M 22 TOF Moderate I Team leader Corrected at age of 2; homograft at age 22, remaining mild PR and PS. 40
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6 M 29 TGA Severe II Window cleaner Arterial switch in first year; patch in RVOT because of PS at age 20, remaining mod. PR; systemic 
LV with good function.
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8 F 27 BAV with sever AS, 
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Severe II Sales assistant in 
parents’ fish shop

Patch in RVOT at age 2; closure of VSD at age 4; severe PR, PAH, ventricular tachycardia. 16

11 F 32 ccTGA, VSD, PS, 
situs inversus, 
dextrocardia

Severe II Management assistant VSD closure at age 3, pacemaker implantation due to postoperative AV-block; balloon 
valvuloplasty; systemic RV; mild PR, mod. PS.

15

12 M 24 BAV with severe AR Mild II Administrative 
assistant

Bentall surgery at age 24 (recent). 40

13 M 28 Interrupted aortic 
arch, VSD

Moderate II Excavation worker 
(digger)

Both corrected in first year; re-operation at age 9 with Dacron bypass; bronchus obstruction 
from bypass at age 19.

40

14 F 34 Tricuspid atresia, 
VSD, ASD 2, PS

Severe II Receptionist Palliated at age 1 by central aortic-pulmonic shunt, Fontan surgery at age 6, re-operated at age 
18 and 34 (recent).

12

15 M 26 ASD 2 Mild I PhD candidate Surgical closure at age 2. Remaining RV dilatation. 60

Abbreviations: F = female, M = male, NYHA = New York Heart Association (functional class), 
PS = pulmonary stenosis, PR = pulmonary regurgitation, CoA = coarctation of the aorta, 
BAV = bicuspid aortic valve, AS = aortic stenosis, TOF = tetralogy of Fallot, AR = aortic regurgitation, 
TGA = transposition of the great arteries, RVOT = right ventricular outflow tract, LV = left ventricle, 
RV = right ventricle, PAH = pulmonary arterial hypertension, ccTGA = congenitally corrected transposition 
of the great arteries, VSD = ventricular septal defect, ASD 2 = atrial septal defect type 2.  
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Table 3a. Observed barriers in the study population.

barriers Participants

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. Work factors

Job content

Too much physical load • • • • • •

Job conditions

Heavy physical conditions (e.g. climate) • • • • •

Negative effects of commuter traffic • •

Conditions of employment

Too much working hours, too little breaks • • • •

Too low remuneration •

Too little career opportunities • • • •

Relations

Bad relationships with colleagues •

Bad relationships with employer • • •

2. Possibility for work adjustments

Too little job autonomy •

Job control – Recovery possibilities

Too little recovery possibilities to preserve a 
good work-private life balance

• • • •

3. Work strain and symptoms

Tension

Negative emotional reactions • • •

4. Negative effect of stressors • •

5. Work capacity/processing capacity

Negative physical aspects • • • • •• • • • •

Negative cognitive aspects • • • •

Negative emotional aspects • • • •

• = code observed in interview of participant; in bold = codes described in results
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Table 3b. Observed facilitating factors in the study population.

Facilitating factors Participants

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. Work factors

Job content

Right amount of physical load • • • • • •

Psychological load

Positive emotional load •

Job conditions

Availability of tools • •

Positive effects of commuter traffic • •

Conditions of employment

Right amount of working hours and breaks • • • • •

Having career opportunities • •

Relations

Good relationships with colleagues • • • • • • • • • • •

Good relationships with employer • • • • • •

2. Possibility for work adjustments

Enough job autonomy • • • •

Job control – Recovery possibilities

Enough internal recovery possibilities • • • • • • • •

Enough external recovery possibilities • • • • •

Enough recovery possibilities to preserve a 
good work-private life balance

• • • • •

3. Work strain and symptoms

Tension

Positive emotional reactions •

4. –

5. Work capacity/processing capacity

Positive emotional aspects • •

• = code observed in interview of participant; in bold = codes described in results 
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Physical aspects
Some facilitating factors that were reported are not surprising in view of the barriers 
mentioned before. Participants benefitted, for example, from doing less physical work. 
Working at an office instead of having a demanding physical job, having better working 
hours or working less hours a day or a week or interrupting the work week by a day off 
were all mentioned as facilitating.

Opportunities for recovery
Almost all factors in the theory model that were placed under possibility for work adjust-
ment were recorded as important in facilitating. Job autonomy (being able to decide 
which task you do when and how) was observed as very important in several interviews.

[I work in a fish shop. But when it’s warm we just don’t fry the fish, since I already feel 
short of breath then.] [When I need to carry something, there is always someone who 
does it for me.] [P10]

Internal recovery opportunities, for example to be able to take a break or to rest during 
work when needed or being able to adjust the working environment, as well as external 
recovery opportunities, such as being able to recover during free time, for instance by 
taking a day off, were mentioned as helpful.

[If I indicate: ‘Well, it is too much, I need 2 days off.’ Then it is quite easily arranged.] 
[P7]

Having enough opportunity for recovery to preserve a good work-private life balance 
was also a returning subject. Participants needed more time, more than colleagues they 
believed, to recover from work in order to have enough time to live their private life’s.

[…Sometimes when it’s worse, you feel really tired for a while. Then they say: ‘That’s 
fine. Go home early or change your day’.] [P11]

Relationships with colleagues and employer
Good relationships with colleagues was experienced as a facilitating factor among almost 
all participants. Colleagues helped participants with their work or took over when need-
ed. Participants also felt supported when colleagues showed interest in them and (the 
consequences of) their CHD. Involvement through a period of sick leave was considered 
very supporting. A good relationship with the employer was seen as facilitating, based on 
support and flexibility of the employer, for example by letting them perform less physical 
work or letting them work less or flexible hours. How easily employees could arrange to 
stay away from work for hospital visits differed strongly between participants. Though 
having too few career opportunities was reported as a barrier, some participants expe-
rienced benefit from their CHD in getting a job. One participant for example was hired 
after applying for a vacancy specifically aimed at occupationally handicapped persons.
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DISCuSSIOn

This is the first study that has identified both barriers and facilitating factors at work 
among young adults with CHD. Important facilitating factors were good relationships 
with colleagues and having enough recovery possibilities. Barriers were mainly caused 
by physical aspects and too little opportunity for recovery. Work is important in the daily 
lives of young adults with CHD, and it is influenced by their CHD. CHD affects job choices 
and work in many ways: from adjustments that have already been made to prevent pos-
sible future problems to having been forced to change jobs due to their illness. Even 
though some of the relatively young adults with CHD experienced no or few problems 
at work, the disease influenced job choice in several patients and a substantial number 
of them worked below their educational levels. Considering that average educational 
levels among people with CHD are already a little below the general population 8, this is 
a serious issue that can lead to loss of talent and labour forces.

Factors that are described by this population of young adults with CHD are partly in 
accordance with what is seen by other patients with chronic diseases 22, although their 
weight seems somewhat different. A lot of barriers that were found among employees 
with CHD can be summarised to be caused by physical aspects and recovery capabili-
ties and opportunities. Fatigue, decreased concentration and exertional dyspnoea were 
mentioned most. In this population, specific pathways could play a role. A lot of late 
complications of CHD present with fatigue 23. This may also be influenced by the use of 
certain medications. Furthermore, patients with CHD are at increased risk for neurologi-
cal, psychological and cognitive damage through many pathophysiological ways, espe-
cially those with severe or cyanotic defects 24. Whether this is due to brain damage or 
cognitive impairment by the treatment or the CHD itself or is caused by something else is 
as yet unknown. Especially among adults with CHD there is very little information about 
the relationship between possible neuro-cognitive damage and practical outcomes. 
However, this does not explain why several participants worked at a lower level than 
their educational level. Previous studies among healthy individuals have shown that the 
need for recovery during and after working time is a major predictor of psychosomatic 
symptoms, sleep problems, and complaints of emotional exhaustion. This could lead to 
a vicious circle of more fatigue and physical problems, even potentially leading to sick 
leave.

Significant facilitating factors were mostly about good relationships with colleagues 
and employers and about having a sense of control: experiencing opportunities to adjust 
how and when the work was performed and to preserve an optimal work-private life 
balance. In the facilitating factors we might find the key to the solution: flexibility in work 
conditions and arrangements for breaks as well as positive relationships with colleagues 
and employers seem essential. Varekamp et al. have looked at workplace problems and 
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solutions for people with different kinds of chronic diseases and found that working less 
hours, working at home, a slower work pace and more job autonomy were most desired 
solutions by patients with chronic diseases 25. Several studies also show that motivation, 
personal coping strategies and personality traits are important for work participation for 
employees with other chronic diseases 26. Showing interest or active support is highly 
appreciated and necessary: a lot of people with CHD who are considered to be asymp-
tomatic report problems on health questionnaires 27. Previously reported experiences of 
young adults with CHD also pointed out that it is hard to strike a balance between being 
a patient or a ‘regular’ employee (being different or not) and that there is often some 
ambivalence about telling people about the CHD 19. This issue was also brought up by 
several participants in this study.

The results of this study can be used to tailor a specific (group) self-management 
intervention program to support CHD patients in their work 27. Previous studies on these 
kinds of intervention programs for other chronic diseases show a decrease in physical 
symptoms and fatigue and better coping strategies 28, 29. Specific coaching for patients 
should try to increase self-confidence, assertiveness and the sense of job control and 
thereby consist of acquiring skills in how to deal with specific physical symptoms, to 
increase job autonomy, focus on job motivation and give insight into personal coping 
strategies and personality traits that could be of influence. Given our results, it should 
also emphasise the importance of good relationships with colleagues and employer. Con-
sidering certain CHD-specific aspects, for example telling colleagues and employer about 
the CHD and dealing with specific physical symptoms, a specialised intervention program 
for CHD patients could fit all of these needs. For employers and career advisors, helping 
patients with CHD should focus on reducing high physical job demands, especially for 
patients with more severe defects, and offering possibilities to arrange adaptations in the 
workplace and work hours when needed.

STuDy LIMITATIOnS

Although qualitative research is relatively uncommon and unknown within the field of 
clinical cardiology, we believe this is the best way to gain a better understanding of this 
subject. In the interpretation, however, since this is a qualitative study, we must realise 
that explanations for the higher rates of unemployment or work-related problems or 
direct solutions are not to be expected. A shortcoming of the study is that, in hindsight, 
heterogeneity in patients functional class was not completely reached. Only patients 
with NYHA I and II were interviewed and this may have underestimated the barriers for 
work among patients with CHD and a lesser functional status. On the other hand, no pa-
tients with mild CHD were included. A limitation that may also have underestimated the 
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barriers is that by the inclusion criteria of having a job, people with potentially the most 
or most severe barriers could have been excluded. A strong aspect of this study is that 
data were gathered through the use of a specific model. This theoretical model could, 
due to its basics, therefore include all relevant factors in one model. Because participants 
were able to talk openly and because the directed content analysis approach was used, 
no factors seem to be overlooked.

COnCLuSIOnS

It is important for CHD patients to arrange their work in such a way that it is possible 
for each specific employee to function properly. To achieve this, a committed employer 
and employee are required. Possibilities for making personal adjustments in tasks or 
schedules and a good relationship with colleagues and employer play a pivotal role here. 
Healthcare professionals should be more aware that CHD can lead to specific barriers 
in the workplace. Further research on the neurocognitive background and aetiology of 
problems of concentration and fatigue may improve these barriers on the work field for 
long-term survivors of CHD and may help develop specific intervention programs and 
identify patients who would benefit most.
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AbSTRACT

background
Several studies show poorer outcomes regarding socio-economic status among adults 
with congenital heart disease (CHD) compared to their healthy peers. The aim of the 
present study was to investigate differences in socio-economic status between men and 
women with CHD and to compare these patterns to a reference group.

Methods
A random selection of patients from different hospitals participating in the CONCOR 
registry were invited to complete a questionnaire with questions on medical history, 
educational, occupational and marital status and offspring. Results were compared with 
a reference group. Data on offspring in this group were lacking.

Results
With a response rate of 76%, 1.496 adult patients (49% female gender; median age 
39 years) with CHD participated. Participants with CHD were more likely to achieve 
lower education and were significantly more often unemployed. Among adults with CHD, 
women were more often unemployed than men. Within the reference group this was 
even more outspoken. People with CHD had lower incomes than the reference group. 
Adjusted for several factors, women with CHD have lower income than men, in contrast 
to the general population. CHD participants without a relationship were more often male 
in the CHD population, as opposed to the reference group. Males with CHD were more 
often without children than women with CHD.

Conclusion
CHD, even in mild forms, has a negative impact on socio-economic status and gender 
plays a role. Gender differences were also seen in the reference group, suggesting that 
cultural aspects are important. Studies in other countries are therefore needed.
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InTRODuCTIOn

Gender disparities are seen in all different kinds of socio-economic fields where women 
still more likely have socioeconomic disadvantage than men and therefore receive 
increasing attention 1. Several studies have shown that despite the dramatic improve-
ment in survival, adults with congenital heart disease (CHD) are still in social arrears with 
higher rates of unemployment compared to the general population 2–4. We fear that the 
current focus on women in cardiovascular disease may lead to insufficient attention for 
specific problems in CHD, especially among men 2, 5.

METHODS

This study investigates aspects of job participation between male and female adults 
with CHD in comparison with a reference group. Data were derived from a question-
naire on socio-economic factors that was sent to a selection of participants from the 
Dutch National Congenital Corvitia (CONCOR) registry 6. CONCOR facilitates research on 
the aetiology and outcome of adult CHD. Between 2001 and 2009, over 11000 adult 
patients with CHD were included, of whom 2106 patients were randomly selected. The 
questionnaire that was send out consisted of questions on demographic items, including 
information about education and the patient’s current work, working hours and type 
of contract. Results were compared to a cohort from a prospective registration study 
in the Netherlands which served as a reference group (the Utrecht Health Project, N= 
6810) 7. Statistical significance was set at a p-value <0.05. Descriptive data are presented 
as median with interquartile ranges if normally distributed or as percentages when 
appropriate. The comparison of discrete variables was performed using chi-square or 
Fisher’s exact test. Associations were expressed as odds ratios (OR) with 95% confidence 
intervals. SPSS 19 (SPSS Inc., Chicago) was used for statistical analysis.

RESuLTS

From 2106 selected patients, 1496 patients participated (response rate of 75%). Patients 
with known cognitive impairment were excluded (118 patients), 449 patients did not 
respond and 43 patients refused to participate or were lost to follow-up. The mean age 
of the respondents was 39 years (29–51) and 35 years (30–45) in the reference group; 
52% was male (45% in reference group). In men with CHD, unemployment was more 
than twice as high as in the reference group (16% versus 7%, Figure 1). In women with 
CHD, unemployment was only 1.4 times as high as that in the reference group (35% 
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versus 25%). Among men with CHD, proportionally more men worked part-time (1.6 
times more) than in the reference group. Women with CHD proportionally worked part-
time only 1.2 times more often than the reference group. Looking at the proportion of 
unemployed men and women, even when corrected for age and severity of the CHD, 
the odds ratio of unemployment was one third (adjusted OR 0.37, CI 0.28–0.48, Table 1) 
in the CHD group and one fifth (adjusted OR 0.18, CI 0.15–0.21) in the reference group. 
Lower incomes were seen less often among men than women with CHD (additionally 
adjusted OR 0.32 (CI 0.22–0.4)). In contrast, this gender difference was not found in the 
reference group (additionally adjusted OR 0.71 (CI 0.41–1.24)).

men women

CHD

RG

71%

13%

16% 20%

45%

35%
Full-time
employed *

Part-time
employed

Unemployed #

84%9%
7%

33%

42%

25%

Figure 1. Distribution of (un)employment for men and women with congenital heart disease (CHD) and 
in the reference group (RG).
Abbreviations: CHD = congenital heart disease, RG = reference group
Definitions:
* Full-time employed: paid job for > 35 hours per week. Part-time employed: paid job for 12 to 35 hours 
per week.
# Unemployed: no job, job seeking / disabled, volunteer work or paid job < 12 hours per week.
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Table 1. Men with congenital heart disease and in the reference group have less chance on being un-
employed compared to women.

Outcome total CHD men versus 
women OR (95% CI)

RG men versus women 
OR (95% CI)

co-efficient 
(ratio CHD/

RG)

Unemployment
- unadjusted
-  adjusted for age and severity  

(in CHD group)

 
0.37 (0.28-0.48)
0.37 (0.28-0.48)

 
0.22 (0.18-0.26)
0.18 (0.15-0.21)

 
1.7
2.1

Low income
- unadjusted
- adjusted for age and CHD severity
- additionally adjusted for *

 
0.22 (0.17-0.28)
0.21 (0.16-0.28)
0.32 (0.22-0.46)

 
0.43 (0.28-0.66)
0.45 (0.29-0.68)
0.71 (0.41-1.24)

 
0.5
0.5

-

Multivariate analyses presented by odds ratios on chance on unemployment and low incomes for men 
versus women with CHD and in the reference group.
Abbreviations: CHD = congenital heart disease, RG = reference group, OR = odds ratio;
CI = confidence interval. Reference group is the Utrecht Health Project (N=6810).
* educational attainment, employment and job hours.

DISCuSSIOn

CHD has a large impact on working life both in men and in women, but the impact of CHD 
on job participation is greater in men than in women. Whereas very few men in the gen-
eral population are unemployed or work part-time, this is not uncommon among male 
patients with CHD. Gender differences in unemployment were seen both in the CHD as in 
the reference group, but were much more outspoken in the reference group. Compared 
to women, men in the reference group had a much lower chance of unemployment than 
when comparing unemployment among men and women with CHD.

We cannot explain the lack of the expected significant gender difference in lower incomes 
in our reference group 1. In women with CHD, patterns of (un)employment and working 
fulltime or part-time are more similar to those that are seen in the female reference group. 
Having children does not play a significant role here, since CHD patients are more often 
without children than the general population 2. Beside physical limitations, factors like 
cognitive impairments, ambition or other personality traits and even job discrimination 
could play a role 8. These factors might be more important in male than in female patients, 
but little about this is known in adult CHD, especially not related to employment 9.

Our results emphasize that attention for job participation of patients with chronic dis-
ease should not exclude men, especially in CHD. Since job participation is important for the 
society as well as the personal quality of life, more attention for occupational pursuits from 
health care providers and company doctors for women and men with CHD is warranted 10.
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AbSTRACT

background
Data on patient-reported outcomes (PROs) in adults with congenital heart disease (CHD) 
are inconsistent and vary across the world. Better understanding of PROs and their 
differences across cultural and geographic barriers can best be accomplished through 
international studies using uniform research methods. The APPROACH-IS consortium 
(Assessment of Patterns of Patient-Reported Outcomes in Adults with Congenital Heart 
disease — International Study) was created for this purpose and investigates PROs in 
adults with CHD worldwide. This paper outlines the project rationale, design, and meth-
ods.

Methods
APPROACH-IS is a cross-sectional study. The goal is to recruit 3500–4000 adults with CHD 
from 15 countries in five major regions of the world (Asia, Australia, Europe, North and 
South America). Self-report questionnaires are administered to capture information on 
PRO domains: (i) perceived health status (12-item Short-form Health Survey & EuroQOL-
5D); (ii) psychological functioning (Hospital Anxiety and Depression Scale); (iii) health 
behaviours (Health-Behaviour Scale–Congenital Heart Disease); and (iv) quality of life 
(Linear Analog Scale & Satisfaction With Life Scale). Additionally, potential explanatory 
variables are assessed: (i) socio-demographic variables; (ii) medical history (chart review); 
(iii) sense of coherence (Orientation to Life Questionnaire); and (iv) illness perceptions 
(Brief Illness Perception Questionnaire). Descriptive analyses and multilevel models will 
examine differences in PROs and investigate potential explanatory variables.

Conclusion
APPROACH-IS represents a global effort to increase research understanding and capacity 
in the field of CHD, and will have major implications for patient care. Results will gener-
ate valuable information for developing interventions to optimize patients’ health and 
well-being.
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InTRODuCTIOn

Worldwide, congenital heart disease (CHD) is the most common birth defect with a 
global prevalence of 9.3 per 1000 new-borns 1. Over the past few decades, the number of 
adults with CHD has risen considerably as almost 90% of children with CHD now survive 
into adulthood 2,3. Adults with CHD now form more than 60% of the total CHD popula-
tion 4. These adults are confronted with life-long cardiac and non-cardiac challenges and 
comorbidities 5. Hence, a strong need has been identified by the CHD community to 
attend to aspects important to the patient beyond the medical field, such as psychosocial 
functioning and quality of life (QOL) 6. As a result, there has been much interest in re-
search assessing patient-reported outcomes (PROs) in adults with CHD. PROs are defined 
by the US Food and Drug administration as “any reports of the status of a patient’s health 
condition that comes directly from the patient, without interpretation of the patient’s 
response by a clinician or anyone else” 7. In addition to understanding the entire patient 
experience, PROs are of clinical significance in cardiovascular patient populations 8. For 
example, poor perceived health status predicts hospitalization and mortality in patients 
with chronic heart failure and coronary artery disease 9. Consequently, investigation of 
PROs within cardiovascular research is increasingly advocated 10.

Studies on perceived health status, health behaviours, psychological outcomes, and 
QOL in the field of CHD have reported inconsistent results. While some studies have 
shown that adults with CHD perceived their health status similar to controls 11,12, others 
have found that perceived health status was lower in patients with CHD than in controls 
13. Several studies reported that patients with CHD displayed more emotional problems 
than their healthy counterparts 14–19. For example, Kovacs et al. reported that 50% of pa-
tients met the diagnostic criteria for at least one mood or anxiety disorder at some point 
in their lives 20. However, a recent meta-analysis concluded that results on emotional 
problems are equivocal in the CHD research literature 21. Prior research has highlighted 
the high prevalence of unhealthy behaviours in individuals with CHD. For instance, over 
half of young adults with CHD reported substance use in a Canadian study 22. Numerous 
studies have demonstrated compromised QOL in patients with CHD 23. However, existing 
data are not consistent, and several studies have indicated that outcomes in patients with 
CHD were comparable to healthy individuals 23–29, or even better than healthy peers 23. 
For instance, studies conducted in the Netherlands 30 and Belgium 11 generally reported 
superior outcomes to those performed in the US 13. As such, researchers are unsure to 
what extent their findings are generalizable worldwide. Furthermore, the role of poten-
tial explanatory variables (e.g., sense of coherence or illness perception) contributing to 
such international variation is not well understood.

This inconsistent pattern of findings raises important unanswered questions as to (i) 
whether differences in previously reported PROs are the result of methodological issues 
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or regional differences; and if genuine differences do exist, (ii) whether influencing fac-
tors can be identified. Indeed, although PROs have been reported in many countries, 
scores may vary due to the influence of culture-bound or national factors on patients’ 
subjective well-being 31. However, variations between populations and regions may also 
be attributable to differences in study design and methodological shortcomings, such as 
small sample sizes and the use of questionnaires with weak psychometric properties 23. 
No previous international study has focused on PROs in adults with CHD. Further, few 
studies in patients with CHD have included a comprehensive set of PROs.

Key questions about patient-reported health and well-being on a global stage can best 
be answered by a large international study in which a broad set of PROs is measured in a 
uniform manner, and potentially influencing factors are obtained in all countries. Indeed, 
global challenges require global collaboration. This prompted the establishment of the 
APPROACH-IS consortium. APPROACH-IS is the acronym for Assessment of Patterns of 
Patient-Reported Outcomes in Adults with Congenital Heart disease — International 
Study. The purpose of this paper is to describe the rationale, design, and methods of 
APPROACH-IS, thereby providing a thorough background for future reports emerging 
from this project.

Study aims
The primary aim is to assess potential differences in four categories of PROs (perceived 
health status, psychological functioning, health behaviours, and QOL) in adults with 
CHD who are living in different areas of the world. The secondary aim is to gain insight 
into how international differences can be understood. For example, the present project 
focuses on potential differences in illness perceptions or sense of coherence to explain 
international variation in QOL.

METHODS

Project design
APPROACH-IS is a large international, cross-sectional study conducted in collaboration 
with the International Society for Adult Congenital Heart Disease (ISACHD).

Settings
For this multi-country project, participating centres were selected by the APPROACH-IS 
steering committee based on feasibility (e.g., personnel and financial resources), willing-
ness to participate, geographical distribution, and patient volume to ensure sufficient 
variability and recruitment of an adequate number of patients representing the entire 
spectrum of cardiac lesions (i.e., simple, moderate, and severe or complex lesions). 
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Overall, 24 centres across 15 countries (Argentina, Australia, Belgium, Canada, France, 
India, Italy, Japan, Malta, Norway, Taiwan, the Netherlands, Sweden, Switzerland, and 
USA) agreed to participate (Figure 1).

Figure 1. Geographic distribution of the APPROACH-IS participating centres.

The recruitment goal of APPROACH-IS is to enrol 200 adults with CHD from each of the 24 
participating centres, resulting in a sample size of 4800 patients. However, in recognition 
of the fact that not all centres will be able to achieve this goal, we estimate that the total 
sample will be 3500 to 4000 patients. The inclusion criteria are as follows: (i) diagnosis of 
CHD, defined as a structural abnormality of the heart or intra-thoracic great vessels that 
is present at birth and is actually or potentially functionally significant (including mild, 
moderate, and severe heart defects) 32; (ii) 18 years of age or older; (iii) diagnosis estab-
lished before the age of 10 (i.e., before adolescence to warrant sufficient experience of 
living with CHD); (iv) continued follow-up at a CHD centre or included in a national/re-
gional registry; and (v) physical, cognitive, and language capabilities required to complete 
the self-report questionnaires. Patients are excluded from study participation if they (i) 
underwent prior heart transplantation; (ii) have primary pulmonary hypertension; or (iii) 
have impaired cognitive abilities.

Coordination of APPROACH-IS is carried out by the University of Leuven (KU Leuven, 
Belgium). The coordinating centre is responsible for the overall administration of the 
study, as managed by the international project coordinator (SA). Furthermore, the 
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steering committee is responsible for overseeing all aspects of the international study, 
decision-making, and has final responsibility for scientific conduct. The steering commit-
tee is comprised of three investigators participating in this study, one nurse researcher 
(PM) and two psychologists (AK, KL). Each of the participating centres is overseen by the 
local principal investigator, who is responsible for all aspects of study implementation 
at the local level. To streamline the processes of data collection and data management, 
standard operating procedures (SOPs) were developed for ethics approval; study prepa-
ration; study administration; recruitment and survey completion; data storage, entry and 
security; study progress; and publication policy. The SOPs allow for flexibility in terms of 
data collection (i.e., recruitment options) and data entry (i.e., online data entry vs. direct 
data entry into a statistical database). All data are transferred to the coordinating centre 
where quality-control checks and statistical analyses are conducted. The coordinating 
centre also created a website to share materials and methods (http://approach-is.net) as 
well as distributing monthly information flashes to update the participating centres and 
other interested parties about study progress.

Data collection procedures
Participants are surveyed using a set of self-reported questionnaires. Participating centres 
can choose between two recruitment and data collection strategies. The first strategy is 
to randomly select eligible patients from their institution’s database. These patients will 
then be mailed a study package including: (i) a study information letter; (ii) a copy of 
the survey package; (iii) the informed consent form (if required); and (iv) an addressed, 
prestamped return envelope. Patients are asked to complete the questionnaires within 
two weeks. Various approaches will be used to maximize response rates (e.g., mail or 
telephone reminders) 33. However, to compensate for a potential nonresponse rate of 
up to 50%, which is generally anticipated in postal surveys 34, a minimum of 400 eligible 
patients per centre will be selected. Three weeks after the first mail-out, a reminder will 
be sent to those who have not yet returned completed questionnaires. We expect a 
response rate of approximately 25% (i.e., 100 patients) after the initial mailing and hope 
to double the response through a reminder (i.e., 50% response rate or 200 patients) 35,36.

A second recruitment strategy is to consecutively approach eligible patients at outpa-
tient clinics. Patients who consent to participate will complete surveys during their clinic 
visit and return them to the research assistant or data collection officer. Patients may 
also be given the opportunity to return surveys by self-addressed stamped envelope. In 
addition, regardless of the chosen recruitment strategy, a member of the research team 
from each participating centre reviews participants’ medical records in order to allow 
us to (i) describe the medical background of study participants and (ii) to investigate 
whether PROs vary as a function of medical variables. Data abstraction includes primary 
CHD diagnosis, disease complexity, surgical history, etc. Any documented history of a 
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mood or anxiety disorder or other psychiatric diagnosis is also recorded. Participating 
centres are individually responsible for the data collection process. Data collection for 
this project commenced in April 2013 and will expected to be completed by December 
2014.

Patient-reported outcome measures (PROs)
Participants complete a background information questionnaire focused on socio-
demographic variables. The format of certain items varies between countries to reflect 
local standards (e.g., disability may be reported as a percentage or be divided into four 
categories). Standardized questionnaires are used to measure primary and secondary 
outcomes. These questionnaires were chosen based on their sound psychometric prop-
erties, extensive use in previous studies, and availability in different languages. Table 
1 presents an overview of the core battery of APPROACH-IS questionnaires and their 
psychometric properties.

If a certain questionnaire was not available in a specific language, a standard academic 
translation protocol was followed by the local research team. The protocol was comprised 
of the following steps: (i) forward translation; (ii) backward translation; (iii) pilot testing 
in patients; (iv) proofreading and finalization; and (v) report. All participating centres 
were advised to use the methodology as described by the Mapi Research Institute as a 
guide. Centres were asked to send the results of this process to the coordinating centre. 
No substantial changes to the English template of the respective questionnaires were 
permitted.

Primary outcomes
Four PRO domains are measured: perceived health status, psychological functioning, 
health behaviours, and QOL (Table 1). First, perceived health status is defined as the 
impact of a disease according to the patient, including symptoms, functional status, and 
health-related QOL [37]. We use two disease-generic measures to assess patients’ per-
ceived health status: the 12-item Short-Form Health Survey version 2 (SF-12v2) and the 
EuroQol-5D 3 level version (EQ-5D-3L). Studies have confirmed the psychometric proper-
ties of both scales, but for this project we chose to include both the SF-12 and EQ-5D to 
ensure coverage of a broad range of health dimensions 38,39. The SF-12 measures eight 
health domains: physical functioning, role participation with physical health problems, 
bodily pain, general health, vitality, social functioning, role participation with emotional 
health problems, and mental health. Scores range from 0 to 100 and higher scores re-
flect better perceived health status 40. The SF-12 also produces a Mental Component 
Summary and a Physical Component Summary. The EQ-5D comprises five dimensions 
(mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) which are 
rated at three levels (no problems, some problems, or extreme problems). The EQ-5D 
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also includes a visual analogue scale ranging from 0 (best imaginable health state) to 100 
(worst imaginable health state) 41.

Second, we focus on two categories of psychological functioning, namely symptoms 
of anxiety and depression. The Hospital Anxiety and Depression Scale (HADS) was 
specifically developed for use with medical populations and produces two seven-item 
subscales (i.e., HADS-Anxiety and HADS-Depression). Subscale scores range from 0 to 21 
with higher scores reflecting greater psychological distress 42. Subscale scores of eight or 
higher reflect clinically-elevated symptomatology.

Third, health behaviours are defined as activities that a person undertakes to prevent 
disease or to improve health and well-being 43. Two types of health behaviours’ can be 
distinguished: health enhancing (e.g., physical exercise) and health compromising behav-
iours (e.g., smoking). The Health-Behaviour Scale-Congenital Heart Disease (HBS-CHD) 
was chosen to measure both behaviours. The HBS-CHD evaluates alcohol consumption 
(e.g., frequency), tobacco use (e.g., number of cigarettes), dental care (e.g., last dental 
visit), and physical activity (e.g., during leisure time). This information generates four risk 
scores: a substance use risk score (0–100), a dental hygiene risk score (0–100), a physical 
exercise score (0–∞), and a total health risk score (0–100). A higher risk score represents 
an unhealthier behaviour 44.

Fourth, QOL was conceptually defined as the degree of overall life satisfaction 45. A 
Linear Analog Scale (LAS) is the recommended method to rate overall QOL. The LAS is 
a vertically oriented, 10-centimeter line graded with indicators from 0 (worst imagin-
able QOL) to 100 (best imaginable QOL) 45. Furthermore, the Satisfaction With Life Scale 
(SWLS) is used as a second indicator of QOL and assesses a person’s global judgment of 
life satisfaction 46. The SWLS comprises five statements with a response scale ranging 
from 1 (strongly disagree) to 7 (strongly agree). A score of 20 represents the neutral point 
on the scale.

Secondary outcomes
Two psychosocial explanatory variables will also be measured (Table 1). The first is sense 
of coherence, representing a person’s generalized world view that characterizes the 
extent to which a person perceives: (i) stimuli as structured and predictable; (ii) that 
resources are available to meet the demands posed by these stimuli; and (iii) that these 
demands are challenges worthy of investment. Hence, people with a strong SOC perceive 
the world as (i) comprehensible, (ii) manageable, and (iii) meaningful 47. Previous studies 
in patients with CHD have highlighted the importance of considering sense of coherence 
in relation to PROs 48,49. Therefore, sense of coherence is evaluated in this study using the 
13-item Orientation to Life Questionnaire 47,50. A seven-point semantic differential scale 
ranging from 1 (very seldom or never) to 7 (very often) assesses the three components 
of sense of coherence: (i) comprehensibility (five items); (ii) manageability (four items); 
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and (iii) meaningfulness (four items). The total score ranges from 13 to 91 with a higher 
score indicating a stronger sense of coherence.

Second, patients’ illness perceptions will be evaluated. Illness perceptions are defined 
as the cognitive representations and beliefs that patients have about their illness 51 and 
have also been related to PROs in adults with CHD 52. The Brief Illness Perception Ques-
tionnaire (Brief IPQ) is administered to assess cognitive and emotional representations of 
illness on a nine-item scale 53. Items are rated from 0 to 10 and evaluate consequences, 
timeline, personal control, treatment control, identity (i.e., cognitive representations), 
concern, and emotions (i.e., emotional representations). The Brief IPQ also includes an 
item that assesses illness comprehensibility and another that enquires about perceived 
causal factors.

Quality control
Quality checks are performed by the coordinating centre on data from the first 10 par-
ticipants from each participating centre. As such, any systematic errors can be addressed 
prior to further data entry. After performing preliminary analyses of all centre-specific 
datasets to identify out-of-range and missing values, or possible remaining data entry 
errors, a cleaned version of these datasets will be organized into one overarching multi-
country database.

Data analysis
First, descriptive and comparative analyses of PRO variables reflecting commonalities and 
differences will be performed. Data will be summarized separately for each participating 
centre as counts and percentages for categorical variables and means and standard 
deviations for normally distributed continuous variables. Descriptive statistics will be 
reported for all participating centres and countries. Second, relationships between PROs 
and potential explanatory variables will be examined. Special attention will be given to 
missing data by means of multiple imputation models. Sample size variations will be ac-
counted for in the statistical methods. Given that the collected data is hierarchical, mul-
tilevel analysis will be employed. More specifically, data will be organized at three levels: 
(i) the individual patient level; (ii) the centre level; and (iii) the country level. Individual 
patient data are nested within centre and country levels (aggregate units). This project 
will allow for inter-country comparative analysis of the extent to which PROs differ, and in 
certain cases also for intra-country analysis (e.g., between American centres). Statistical 
significance will be defined as p ≤ 0.05 with appropriate adjustments for multi-testing. 
Given the richness of the data, sub studies will be planned in accordance with ideas gen-
erated by participating centres. Sub studies will be performed after the primary analyses 
have been conducted and reported.
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Ethical issues
The overarching study protocol was approved by the Institutional Review Board of the 
University Hospitals Leuven/KU Leuven (i.e., the coordinating centre). Additionally, ethi-
cal approval was obtained by each participating centre, if required. Although informed 
consent will be obtained from all participants in most centres, there are some countries 
in which national legislation stipulates that written consent for survey studies is not 
required. Maintaining participant confidentiality is deemed a high priority. No personal 
health information (e.g., name, medical record number, or date of birth) is sent from 
the participating centres to the coordinating centre. A unique patient study identifica-
tion code consists of a two-digit centre identification code followed by a three-digit 
patient identification number. For example, code 01–001 represents the first patient 
recruited from the first participating centre. APPROACH-IS follows the recommendations 
of the Declaration of Helsinki II 54. The study protocol was recorded at ClinicalTrials.gov: 
NCT02150603.

DISCuSSIOn

Adults with CHD represent a growing and aging patient population 2. As survival rates 
continue to improve, patient well-being will continue to be a priority for healthcare 
professionals worldwide. At the present time, consistent data on PROs in adults with 
CHD from well-designed studies are lacking. The APPROACH-IS collaborative will provide 
a definitive contribution towards resolving this issue. As the largest collaborative thus 
far established across a wide cultural and regional diverse population, APPROACH-IS 
will extend the results from previous single-centre or regional multi-centre studies by 
incorporating collaborators from different regions in the world. The use of a strong, 
uniform methodology will ensure consistent and reliable data, and will also lead to the 
further development of research capacity among all participating adult CHD centres. 
Furthermore, the resulting international dataset will be a valuable resource for research-
ers and healthcare professionals alike in the field of CHD. In addition, data may serve 
as a historical cohort to which future samples may compare. Indeed, APPROACH-IS will 
generate a comparable dataset from adult CHD centres around the world whose pooled 
results can inform (inter)national policy.

A few study limitations must be acknowledged. First, APPROACH-IS is a cross-sectional 
study, and thus causality cannot be determined. However, some centres have opted 
to follow the participants on a longitudinal basis. Second, study results may not be 
generalizable to patients with CHD who are not being followed in CHD programs in 
participating countries, to adults with CHD in other countries, or to patients who do 
not receive ongoing CHD follow up. Third, patients who are physically or mentally not 
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capable of completing the questionnaires are not represented in this study. Fourth, we 
acknowledge that it is not possible to determine the impact of all possible factors (e.g., 
undiagnosed syndromes or family history of mental health problems) on PROs.

In summary, APPROACH-IS should result in significant scientific and clinical contribu-
tions by increasing our understanding of PROs in adults with CHD, with the focus on 
international differences and potential explanatory variables. As such, we hope that this 
project will prompt the development of future interventions designed to address the 
health and well-being of patients with CHD around the world.
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AbSTRACT

background
Measuring quality of life (QOL) is fundamental to understanding the impact of disease 
and treatment on patients’ lives. This study aimed to explore QOL in an international 
sample of adults with congenital heart disease (CHD), the association between patient 
characteristics and QOL, and international variation in QOL and its relationship to 
country-specific characteristics.

Methods
We enrolled 4028 adults with CHD from 15 countries. QOL was assessed using a linear 
analogue scale (LAS) (0 to 100) and the Satisfaction with Life Scale (SWLS) (5 to 35). 
Patient characteristics included sex, age, marital status, educational level, employment 
status, CHD complexity, and patient-reported New York Heart Association (NYHA) func-
tional class. Country-specific characteristics included general happiness and 6 cultural 
dimensions. Linear mixed models were applied.

Results
Median QOL was 80 on the LAS and 27 on the SWLS. Older age, lack of employment, 
no marriage history, and worse NYHA functional class were associated with lower QOL 
(P<0.001). Patients from Australia had the highest QOL (LAS: 82) and patients from Japan 
the lowest (LAS: 72). Happiness scores and cultural dimensions were not associated with 
variation in QOL after adjustment for patient characteristics and explained only an ad-
ditional 0.1% of the variance above and beyond patient characteristics (P=0.56).

Conclusion
This large-scale, international study found that overall QOL in adults with CHD was gener-
ally good. Variation in QOL was related to patient characteristics but not country-specific 
characteristics. Hence, patients at risk for poorer QOL can be identified using uniform 
criteria. General principles for designing interventions to improve QOL can be developed.
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InTRODuCTIOn

Living well is as important to most people as living longer. Therefore, the concept of qual-
ity of life (QOL) has gained much attention in medical care and biomedical science over 
the past few decades 1,2. In this respect, comprehensive assessments of QOL and other 
patient-reported outcomes (PROs) have become indispensable 1–4. PROs are descrip-
tions coming directly from patients about how they feel or function in relation to their 
health and well-being 5, and have been associated with important medical outcomes 6. 
Although the cardiology community recognizes that it is imperative to assess PROs to 
better understand the impact of health and disease, these outcomes remain underused 
in cardiovascular clinical trials 7. Moreover, many studies on PROs in the larger field of 
chronic diseases use poor-quality instruments 8.

In the cardiac subspecialty of congenital heart disease (CHD), QOL research com-
menced 40 years ago and has increased exponentially over time. To date, more than 
230 QOL studies in CHD conducted in 35 countries have been published 9. However, 
a critical appraisal revealed that most articles on QOL had substantial conceptual and 
methodological deficits, yielding inconsistent results 9-11. Such inconsistencies may be at-
tributable to differences in methodological approaches or to genuine differences in QOL 
between patients living in different countries 12. Furthermore, these studies investigated 
only demographic and/or medical predictors of QOL, leaving population measures or 
cultural dimensions unaddressed. It is reasonable to hypothesize that QOL scores among 
adults with CHD might be higher in countries known to have higher QOL in the general 
population (e.g., Denmark, Norway, or Switzerland). This possibility, however, has never 
been investigated.

To gain a better understanding of QOL in patients with CHD worldwide, it is critical to 
examine QOL in different countries using a uniform research methodology. This allows 
us to ascertain whether there are genuine differences in QOL in patients living in differ-
ent countries, independent of methodological considerations. Furthermore, it enables 
us to evaluate whether country-specific characteristics explain QOL above and beyond 
patient characteristics. Therefore, the aims of this study were to: 1) describe QOL in a 
large international sample of adults with CHD; 2) investigate the association between 
QOL and patient characteristics (i.e., sociodemographic and medical variables); and 3) 
explore variation in QOL across countries and investigate the relationship between QOL 
and country characteristics (i.e., general population happiness and cultural dimensions).
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METHODS

An international collaborative research group was established: APPROACH-IS (Assess-
ment of Patterns of Patient-Reported Outcomes in Adults with Congenital Heart disease 
– International Study) is a cross-sectional, multilevel study with a standardized protocol 
conducted in partnership with the International Society for Adult Congenital Heart 
Disease 12. Data were collected in 15 countries from 5 continents: Argentina, Australia, 
Belgium, Canada, France, India, Italy, Japan, Malta, Norway, Sweden, Switzerland, Tai-
wan, the Netherlands and the United States. The study was approved by the institutional 
review board of the University Hospitals Leuven/KU Leuven Belgium (the coordinating 
centre) and the local institutional review board of participating centres when required. 
All subjects provided written informed consent to participate. Detailed information on 
the rationale, design, and methods is available in the methods paper 12.

Study population and procedure
A questionnaire package was sent by surface mail or distributed in clinics to patients 
with CHD. Data collection ran from April 2013 to March 2015. Inclusion criteria were: 1) 
diagnosis of CHD, defined as a structural abnormality of the heart or intrathoracic great 
vessels that is present at birth and of actual or potential functional significance 13; 2) 18 
years of age or older; 3) diagnosis established before adolescence; 4) continued follow 
up at a CHD centre or included in a national/regional registry; and 5) physical, cognitive, 
and language capabilities required to complete self-report questionnaires. Patients with 
prior heart transplantation or primary pulmonary hypertension were excluded 12.

Quality of life (QOL)
Relying on thorough conceptual grounds 2, QOL was defined as “the degree of overall life 
satisfaction that is positively or negatively influenced by individuals’ perception of certain 
aspects of life important to them, including matters both related and unrelated to health” 
14. Using this conceptualization, QOL refers to a global perspective and is not limited to 
health-related factors. Consistent with this definition, 2 instruments to assess QOL were 
administered: a Linear Analogue Scale (LAS) and the Satisfaction with Life Scale (SWLS). 
A critical appraisal demonstrated that the use of these 2 instruments produced a more 
robust score than the use of other instruments 9. The LAS is a vertically oriented line that 
ranges from 0 (worst imaginable QOL) to 100 (best imaginable QOL) (15). The LAS has 
well-established reliability and validity for adults with CHD 15 and it is used frequently in 
medical research 16,17. The SWLS assesses a person’s global judgment of life satisfaction 
and comprises 5 statements with a response scale ranging from 1 (strongly disagree) to 7 
(strongly agree). A score of 20 represents the neutral point on the scale 18. The SWLS has 
good psychometric properties 15,19.
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Patient- and country specific characteristics
Demographic data including sex, age, marital status, educational level, employment 
status, and patient-reported New York Heart Association (NYHA) functional class as-
sessment were collected using a self-report questionnaire. The complexity of patients’ 
heart defects (simple, moderate, or complex) was extracted from medical records 12. 
Country-specific data on happiness (i.e., a population measure) were drawn from the 
World Happiness Report 2013 20. This report presents national happiness levels based 
on surveys administered from 2010 through 2012 in 156 countries. More specifically, 
individual respondents in the World Happiness Report study were asked to evaluate their 
lives by imagining life as a ladder, with the best possible life for them as a 10 and the 
worst possible life as a 0 (the Cantril ladder) 20. Scores on the dimensions of national 
culture (scale from 0 to 100) were based on extensive research conducted by Hofstede 
in 76 countries and regions 21. This validated model includes 6 dimensions: a power dis-
tance index (higher scores reflect higher levels of acceptance that power is distributed 
unequally in society), individualism versus collectivism (high scores reflect individualistic 
societies), masculinity versus femininity (higher scores reflect more masculine societies 
directed toward achievement and success), uncertainty avoidance index (higher scores 
reflect societies that are more rigid in beliefs and behaviours), long-term orientation ver-
sus short-term normative orientation (thriftiness and perseverance are associated with 
higher scores), and indulgence versus restraint (higher scores are observed in societies 
that foster gratification of human drives related to enjoying life and having fun) 21. Scores 
on happiness and cultural dimensions per country are described in the online Table 1.

Statistical analyses
Continuous data are presented as medians and interquartile ranges (IQR). Categori-
cal variables are presented as absolute numbers and percentages. The association of 
patient- and country-specific characteristics with QOL was estimated through general 
linear mixed models (GLMM). A 2-level structure, in which patients were nested within 
countries, was assumed because differences between countries was the focus of this 
study. A 3-level model that considers within-country variations was not feasible compu-
tationally given the large number of countries with only 1 participating centre. Empirical 
Bayes estimates with 95% confidence intervals for the country-specific QOL levels were 
obtained from the GLMM. A (pseudo) R2 statistic referred to as R2 SAS in Shtatland et al. 
was derived from the model chi-square 22. This measure is an estimate of the percentage 
explained variance. When reported for the random country effect or for a set of fixed 
predictors, these are similar in spirit as the semi partial R2 (but still approximations). 
Linearity was verified for continuous predictors and no deviations were observed. Chi-
square and Mann-Whitney U tests were used to compare variables between subjects 
with and without missing information. Given the relatively small proportion of patients 
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with missing values, multiple imputation was not used to address missing values as this 
would unnecessarily complicate data analysis. Therefore, only patients for whom full 
data were available for all variables of interest (N = 3777 or 93.8%) were included in the 
GLMM. Data analysis was performed using SAS software, version 9.2 (SAS Institute Inc., 
Cary, North Carolina).

RESuLTS

Overall, 4028 adults with CHD were enrolled in the study. Characteristics of the total 
sample are detailed in Table 1. Patients had a median age of 32 years and 53% were 
women. The majority of patients had a white or Caucasian background, had a high school 
degree, worked part or full time, were married or living with a partner, and had no chil-
dren. With regard to medical characteristics, 49% had CHD of moderate complexity and 
54% reported they were in NYHA functional class I (asymptomatic). A detailed descrip-
tion of patient characteristics per country is provided in the online Table 2 showing that, 
for example, 19% of patients originated from the United States.

Aim 1: overall QOL
For the total sample of participants who completed surveys (N = 3952), the median QOL 
on the LAS was 80.0 (IQR: 70 to 90) on a scale ranging from 0 to 100. Figure 1 displays 
the distribution of QOL scores for this sample. There was large variability in QOL scores, 
with the majority of patients (91.2%) reporting a score of >50. More specifically, 25.8% 
of patients had a score between 71 and 80, 27.3% had a score between 81 and 90, and 
17.4% had a score between 91 and 100 (Figure 1). The median QOL score on the SWLS 
was 27.0 (IQR 22 – 30) on a scale from 5 to 35 (N = 3892). Scores on the LAS and SWLS by 
country are provided in the online Table 2.

Aim 2: association with patient characteristics
In multivariable GLMM analyses, older age; job seeking, being unemployed, or disabled; 
never having been married; and higher NYHA functional classes were associated with 
worse QOL (P<0.001) (Table 2). Sex, educational level, and defect complexity were not 
associated with QOL. In all, 21.5% of variation in QOL was explained in the GLMM. Ap-
proximate estimates for the semi partial R2 were 20.0% and 2.8% for patient character-
istics and the country differences, respectively. A similar pattern of results emerged with 
regard to the association with QOL as measured by the SWLS. For reasons of clarity and 
to optimize readability, we report QOL for the LAS only for aims 2 and 3.
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Table 1. Demographic and clinical variables (total population N=4028).

Variable No of respondents N (%)

Female 4012 2115 (53)

Age, y (IQR) 4021 32 (25–42)

background 3944

Middle-Eastern or Arabic 52 (1)

Asian 781 (20)

Black or African-American 41 (1)

Hispanic or Latino 131 (3)

White or Caucasian 2908 (74)

Other 31 (1)

Educational level 3989

less than high school 223 (6)

high school 1715 (43)

college degree 846 (21)

university degree 1205 (30)

Employment status 4005

part-time or full-time work 2554 (64)

homemaker or retired 331 (8)

job seeking, unemployed, or disability 515 (13)

full-time student 327 (8)

other 278(7)

Marital status 4008

never married 1753 (44)

married/living with partner 2045 (51)

divorced/widowed 204 (5)

Having children 4004 1584 (40)

Patient-reported NYHA assessment 3927

Class I † 2109 (54)

Class II 1375 (35)

Class III 287 (7)

Class IV ‡ 156 (4)

CHD severity 4028

mild 1040 (26)

moderate 1957 (49)

severe 1031 (25)

Values are N (%) unless otherwise indicated.
† Not limited during physical activities. ‡ Unable to be physically active without experiencing discomfort.
Abbreviations: IQR = interquartile range; NYHA = New York Heart Association (functional class).
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Table 2. Patient characteristics as QOL predictors *

Variable
univariable models multivariable model
Estimate (SE) p-value Estimate (SE) p-value

Sex 0.0156 0.1938
men 1.3 (0.5) 0.6 (0.5)
women # #
Age -0.1 (0.02) <0.001 -0.1 (0.03) <0.001
Educational level <0.001 0.7482
less than high school -7.1 (1.2) <0.001 -1.1 (1.2) 0.3443
high school -2.9 (0.6) <0.001 0.1 (0.6) 0.8471
college degree -0.8 (0.8) 0.3195 -0.1 (0.7) 0.8440
university degree # #
Employment status <0.001 <0.001
part-time or full-time work -1.2 (1.03) 0.2346 #
homemaker or retired -5.6 (1.3) <0.001 -0.4 (1.0) 0.7284
job seeking, unemployed, or disability -14.8 (1.2) <0.001 -7.5 (0.8) <0.001
full-time student -1.6 (1.3) 0.2186 0.1 (1.0) 0.9374
other # 2.0 (1.0) 0.0411
Marital status 0.0002 <0.001
never married -7.1 (6.7) 0.2921 -2.6 (0.6) <0.001
married/living with partner -5.5 (6.7) 0.4141 #
divorced/widowed -10.0 (6.8) 0.1430 1.6 (1.1) 0.1698
other # 0.01 (7.4) 0.9986
Patient-reported NYHA assessment <0.001 <0.001
Class I ‡ 27.9 (1.3) <0.001 24.1 (1.3) <0.001
Class II 20.9 (1.3) <0.001 17.9 (1.3) <0.001
Class III 10.3 (1.5) <0.001 9.6 (1.5) <0.001
Class IV § # #
CHD severity 0.0001 0.9685
mild 3.0 (0.8) <0.001 -0.2 (0.7) 0.8241
moderate 2.3 (0.6) 0.0005 -0.02 (0.6) 0.9682
severe # #

* Results from general linear mixed models (GLMMs) with patient characteristics as predictors for quality 
of life (QOL) using the linear analogue scale (LAS) in adults with congenital heart disease (n = 3,777). †To-
tal explained variability derived from the chi-square statistic: 21.5%. Random country effect: chi-square 
= 106.2 (P<0.001); explained variability by country derived from the chi-square statistic: 2.8%. Results 
based on the LAS for QOL.
‡ Not limited during physical activities. § Unable to be physically active without experiencing discomfort.
# Reference category.
Abbreviations: QOL = quality of life; CHD = congenital heart disease; NYHA = New York Heart Association 
(functional class).
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Figure 1. Quality of life in adults with congenital heart disease.
In this heat map showing distribution of quality of life (QOL), countries are ranked in descending order 
of QOL estimates. These Empirical Bayes (EB) estimates are derived from the general linear mixed model 
without adjustment for patient and country-specific characteristics; based on the linear analogue scale 
for QOL. Darker shades of green represent more frequent scores as compared with lighter shades of 
green.
Abbreviations: CI = confidence interval; IQR = interquartile range.

Aim 3: international variation in QOL and association with country-specific 
characteristics
Figure 1 represents between- and within- country variations in QOL as measured with 
the LAS. Countries are ranked in descending order of QOL estimates. Australia had the 
highest QOL estimate (82.1) and Japan the lowest (71.6), representing a quite large gap 
of 10.5 points. In total, 4 countries had an estimate of ≥80, including Australia, Switzer-
land, the United States, and Malta. All other countries, with the exception of Japan, had 
an estimate of ≥75. Important intracountry variations were observed (Figure 1). Scores 
between 61 and 100 occurred frequently in all countries (darker shades of blue), whereas 
scores between 0 and 60 occurred in ≤10% of patients for the majority of countries 
(lighter shades of blue in the figure). These results depict how intercountry variation in 
QOL was relatively minor compared with intracountry variation in QOL.

A weak positive relationship between national happiness levels and QOL was sug-
gested (Figure 2). Univariable analyses showed that this relationship was not sinificant 
(P=0.0624) (Table 3). For example, India had the lowest score in terms of happiness from 
all participating countries, but this did not correspond with its ranking in terms of QOL 
estimates (Figure 2). Similar figures demonstrate weak relationships between QOL and 
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cultural dimensions (online Figures 1 to 6). Univariable analyses demonstrated that these 
relationships were nonsignificant (Table 3). Adjusted for patient characteristics, the mul-
tivariable GLMM analyses showed that happiness (P=0.5563) and cultural dimensions 
(P=0.5552) were not associated with variation in QOL (Table 3). Indeed, adding happiness 
and cultural dimensions only increased the explained variance by 0.1% (21.6% vs. 21.5%).

Figure 2. QOL and national happiness levels per country.
Quality of life (QOL) in adults with CHD was estimated using empirical Bayes estimates derived from the 
general linear mixed model without adjusting for patient and country-specific characteristics and are 
based on the linear analogue scale for QOL. When compared with the national happiness levels based 
on the World Happiness Report 2013, a weak positive relationship was suggested between the two, 
although the relationship was not statistically significant.
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Table 3. Country-specific characteristics as additional QOL predictors*

Variable

univariable models multivariable model†

Estimate (SE) p-value Estimate (SE) p-value

National happiness levels ‡ (0-10) 0.5 (1.0) 0.0624 1.2 (2.1) 0.5563

Cultural dimensions § (0-100) 0.5552@

Power distance index -0.03 (0.1) 0.5513 0.1 (0.1) 0.5636

Individualism vs. collectivism 0.01 (0.04) 0.7928 -0.1 (0.1) 0.3385

Masculinity vs. femininity -0.02 (0.03) 0.5611 -0.004 (0.03) 0.9052

Uncertainty avoidance index -0.01 (0.04) 0.7032 -0.01 (0.04) 0.7367

Long-term orientation vs. short-term normative 
orientation

-0.05 (0.03) 0.0914 -0.1 (0.04) 0.0306

Indulgence vs. restraint 0.04 (0.05) 0.4232 -0.02 (0.1) 0.8218

* Results from GLMMs with country-specific characteristics as additional QOL predictors (LAS) in adults 
with CHD (N=3777).
† The multivariable model also contains all patient characteristics included in Table 2 as predictors, but 
results are reported only for country-specific characteristics. Total explained variability derived from the 
chi-square statistic: 21.6%; random country effect: chi-square = 63.9 (P<0.001); explained variability by 
country derived from the chi-square statistic: 1.7%. ‡ Based on the World Happiness Report 2013.
§ Based on dimensions of national culture by Hofstede.
@ value based on chi-square statistic (likelihood-ratio test with 6 degrees of freedom) to test any effect 
of the 6 cultural dimensions. Results based on the LAS for QOL.
Abbreviations: QOL = quality of life; CHD = congenital heart disease; GLMM = general linear mixed mod-
els; LAS = linear analogue scale.

DISCuSSIOn

APPROACH-IS investigated QOL in adults with CHD in 15 countries on 5 continents using 
a uniform approach that included patient- and country-specific characteristics. We found 
that QOL was generally good with a median score of 80 on the LAS (range: 0 to 100) and 
a median score of 27 on the SWLS (range: 5 to 35). Nonetheless, nearly 1 in 10 patients 
had a QOL of #50 on the LAS. These findings indicate that, as a group, adults with CHD 
are generally satisfied with their lives; however, a subset of patients experience impaired 
QOL. Given the association between PROs, such as QOL, and important medical outcomes 
6,23, it is of paramount importance that health care professionals identify patients with 
poor QOL and target interventions accordingly. Patient characteristics linked with poorer 
QOL are older age; job seeking, being unemployed, or disabled; never having been mar-
ried; and poorer NYHA functional class. Knowledge of these patient characteristics may 
assist providers in identifying patients at risk for decreased QOL. However, these patient 
characteristics explained a relatively small proportion of the variability in QOL (<20%). 
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Future challenges include identifying other influential factors. Sex, educational level, and 
defect complexity were not related to QOL, indicating that symptoms experienced by 
patients (i.e., patient-reported NYHA assessment) were more important contributory 
factors to QOL than defect complexity. On an international scale, these results confirmed 
earlier findings that QOL is related marginally to the severity of the heart defect (objec-
tive criterion) and more strongly correlated with illness perceptions and appraisal of 
functional status (subjective criteria) 14, 24, 25. Therefore, patients with complex CHD might 
report a good QOL, particularly if they do not experience functional impediments or 
symptoms on a day-to-day basis 26.

Findings from our study demonstrated that QOL in adults with CHD varied across 
countries. This international variation in QOL remained after adjustment for patient- 
and country-specific characteristics. Although a few points separated most countries, 
a >10-point difference in adjusted QOL for countries at either end of the spectrum (i.e., 
Australia and Japan) suggests that further investigation of explanatory factors is war-
ranted (e.g., workload, income, perceptions of people with chronic illnesses, response 
patterns, and willingness to endorse poorer QOL on surveys). Investigating the potential 
impact of country specific characteristics represents a new approach in clinical QOL 
research, reflecting an important addition to the assessment of patient-related factors. 
Indeed, most studies on QOL are oriented toward demographic and/or medical variables 
11 and neglect population measures, although QOL is also shaped by cultural character-
istics 27. Prior studies in nonmedical populations have shown that culture can influence 
how individuals report their life satisfaction 27,28. Japanese and Taiwanese students, for 
example, were less likely to use extremes of a life satisfaction response scale as compared 
with American students 29. This phenomenon was not observed in the present study, as 
shown in the heat map (Figure 1). Against our expectations, national happiness level and 
cultural dimensions were not associated with QOL variation in the present study, after 
adjustment for patient characteristics. This implied that adults with CHD at risk for poor 
QOL can be identified using the same criteria, irrespective of their country of residence. 
Furthermore, general principles can be developed to design interventions to improve 
QOL. Nonetheless, future work should examine other country-specific characteristics 
that may account for variation in QOL between nations, such as health care system fac-
tors like access to care 30,31.

Study limitations
This study had extensive power because of the large sample size. Indeed, no previous 
survey on QOL in CHD had incorporated more than 4000 patients and encompassed 
5 continents. The number of missing values on all variables of interest was low, which 
minimized the potential impact of missing data on obtained results. Third, measurement 
of QOL was based on a solid conceptualization, which was lacking in several previous 
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studies 8,9. The LAS and the SWLS were utilized to assess QOL. These instruments have 
been used previously in different countries and their use was associated with higher 
quality scores 9. Although we only reported results on inferential statistics with regard 
to the LAS, an analogous pattern of results emerged for the SWLS. Hence, our conclu-
sions are based on a single-item QOL measure, but can be extended to the multiple-item 
SWLS. Indeed, prior research showed that single-item life satisfaction measures perform 
similarly compared with a multiple item instrument 32. For most participating countries, 
data from only 1 centre were available. Although some participating centres are national 
reference centres accommodating patients from all over the country, this might hamper 
the representativeness. As a result, it was not possible to distinguish between variations 
between centres and countries. Second, we did not collect data on QOL from a control 
group. Future studies should explore differences between QOL in patients and controls 
from an international perspective. Indeed, it might be possible that differences between 
patients and controls in the respective countries are mainly due to the variation in QOL 
in the general population, rather than in the patient group. It is possible that selection 
bias could affect the results. Because of the in-clinic recruitment in most participating 
centres, it was not possible to determine precise response rates or to compare back-
ground data from responders and non-responders. One exception in this matter was 
data coming from Sweden. Eligible patients were selected from a national registry, and 
comparison of demographic and clinical data revealed only small differences between 
responders and non-responders (data submitted). All continents were represented in 
the study, except for Africa. Logistics and limited funding made it too difficult for African 
centres to participate. Furthermore, the care of adult CHD patients is an issue only in 
some African countries. Fifth, we were not able to verify differential item functioning 
in this study. Differential item functioning means that people from different groups 
(e.g., North American vs. Asian patients) have a different probability of giving a certain 
response on a questionnaire. Differential item functioning should be an area of scrutiny 
in future analyses of international PRO data.

In conclusion, this is the first large-scale international study comprehensively assessing 
QOL in patients with CHD. Overall QOL in adults with CHD was found to be generally good 
and QOL varied across countries. This between-country variation was related to some 
patient characteristics, including age, marital status, employment status, and patient-
reported NYHA functional class assessment. Country-specific characteristics, including 
national happiness level and cultural dimensions, were not responsible for variation in 
QOL.
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COnCLuSIOnS

QOL among adults with congenital heart disease is generally good but varies across 
countries. Most variation is related to patient characteristics rather than country-specific 
factors. Hence, uniform criteria can be used across geographical borders to identify pa-
tients facing better or worse QOL outcomes.
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SuPPLEMEnTAL DATA

Online Table 1. Scores on happiness and cultural dimensions per country.

Cultural dimensions b (0–100)

Country National 
happiness 

levelsa  
(0–10)

Power 
Distance 

Index

Individualism 
versus 

Collectivism

Masculinity 
versus 

Femininity

Uncertainty 
Avoidance 

Index

Long Term 
Orientation 

versus 
Short Term 
Normative 
Orientation

Indulgence 
versus 

Restraint

Argentina 6.562 49 46 56 86 20 62

Australia 7.350 36 90 61 51 21 71

Belgium 6.967 65 75 54 94 82 57

Canada 7.477 39 80 52 48 36 68

France 6.746 68 71 43 86 63 48

India 4.772 77 48 56 40 51 26

Italy 6.021 50 76 70 75 61 30

Japan 6.064 54 46 95 92 88 42

Malta 5.964 56 59 47 96 47 66

Netherlands 7.512 38 80 14 53 67 68

Norway 7.655 31 69 8 50 35 55

Sweden 7.480 31 71 5 29 53 78

Switzerland 7.650 34 68 70 58 74 66

Taiwan 6.221 58 17 45 69 93 49

USA 7.082 40 91 62 46 26 68

a Based on the World Happiness Report 2013. b Based on dimensions of national culture by Hofstede.
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Online Table 2. Description of socio-demographic and medical background variables per country and 
quality of life estimates (N = 4028).
variables Argentina 

(N=178)
Australia 
(N=132)

belgium 
(N=276)

Canada 
(N=523)

France 
(N=96)

India 
(N=200)

Italy  
(N=66)

Japan  
(N=257)

Malta 
(N=119)

norway 
(N=174)

Sweden 
(N=471)

Switzerland 
(N=278)

Taiwan 
(N=250)

netherlands 
(N=256)

uSA  
(N=752)

Women, No. (%) 110 (61.8) 62 (47.0) 126 (45.7) 258 (49.3) 46 (47.9) 78 (39.0) 36 (54.5) 141 (54.9) 67 (56.3) 98 (56.3) 230 (48.8) 123 (44.2) 158 (63.2) 140 (54.7) 442 (58.8)

Median age in years (IQR) 31.0 (15.0) 24.0 (11.0) 34.0 (14.0) 33.0 (18.0) 29.0 (9.8) 24.5 (10.0) 39.0 (20.0) 31.0 (21.0) 27.0 (13.0) 31.0 (15.0) 37.0 (21.0) 32.0 (23.0) 29.0 (12.3) 41.0 (21.0) 31.0 (16.0)

Background, No. (%)

Middle-Eastern or Arabic 4 (2.2) 0 (0.0) 6 (2.2) 13 (2.5) 11 (11.5) 1 (0.5) 1 (1.5) 0 (0.0) 1 (0.8) 0 (0.0) 7 (1.5) 4 (1.4) 0 (0.0) 1 (0.4) 3 (0.4)

Asian 0 (0.0) 9 (6.8) 2 (0.7) 27 (5.2) 0 (0.0) 196 (98.0) 0 (0.0) 257 (100.0) 0 (0.0) 1 (0.6) 7 (1.5) 7 (2.5) 249 (99.6) 6 (2.3) 20 (2.7)

Black or African-American 0 (0.0) 0 (0.0) 3 (1.1) 6 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.4) 1 (0.4) 0 (0.0) 1 (0.4) 28 (3.7)

Hispanic or Latino 90 (50.6) 0 (0.0) 0 (0.0) 19 (3.6) 2 (2.1) 0 (0.0) 2 (3.0) 0 (0.0) 1 (0.8) 0 (0.0) 4 (0.8) 1 (0.4) 0 (0.0) 0 (0.0) 12 (1.6)

White or Caucasian 83 (46.6) 118 (89.4) 257 (93.1) 436 (83.4) 79 (82.3) 0 (0.0) 55 (83.3) 0 (0.0) 106 (89.1) 170 (97.7) 429 (91.1) 256 (92.1) 1 (0.4) 242 (94.5) 676 (89.9)

Other 0 (0.0) 5 (3.8) 1 (0.4) 6 (1.1) 0 (0.0) 0 (0.0) 2 (3.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (1.3) 0 (0.0) 0 (0.0) 2 (0.8) 9 (1.2)

Educational level, No. (%)

Less than high school 27 (15.2) 8 (6.1) 11 (4.0) 10 (1.9) 2 (2.1) 22 (11.0) 10 (15.2) 20 (7.8) 20 (16.8) 16 (9.2) 28 (5.9) 15 (5.4) 12 (4.8) 10 (3.9) 12 (1.6)

High school 54 (30.3) 78 (59.1) 131 (47.5) 173 (33.1) 43 (44.8) 44 (22.0) 33 (50.0) 112 (43.6) 47 (39.5) 88 (50.6) 187 (39.7) 170 (61.2) 70 (28.0) 149 (58.2) 336 (44.7)

College degree 30 (16.9) 12 (9.1) 80 (29.0) 169 (32.3) 3 (3.1) 67 (33.5) 7 (10.6) 68 (26.5) 19 (16.0) 34 (19.5) 24 (5.1) 48 (17.3) 32 (12.8) 68 (27.2) 185 (24.6)

University degree 65 (36.5) 32 (24.2) 52 (18.8) 164 (31.4) 47 (49.0) 67 (33.5) 16 (24.2) 57 (22.2) 30 (25.2) 35 (20.1) 230 (48.8) 39 (14.0) 136 (54.4) 23 (9.2) 212 (28.2)

Employment status, No. (%)

Part-time or full-time work 83 (46.6) 73 (55.0) 218 (79.0) 360 (68.8) 57 (59.4) 75 (37.5) 45 (68.2) 159 (61.9) 76 (63.9) 103 (59.2) 325 (69.0) 192 (69.1) 157 (62.8) 172 (67.2) 459 (61.0)

Homemaker or retired 32 (18.0) 5 (3.8) 18 (6.5) 30 (5.7) 6 (6.3) 22 (11.0) 4 (6.1) 32 (12.5) 15 (12.6) 2 (1.1) 42 (8.9) 23 (8.3) 22 (8.8) 29 (11.3) 49 (6.5)

Job seeking, unemployed or disabled 32 (18.0) 13 (9.8) 29 (10.5) 52 (9.9) 15 (15.6) 40 (20.0) 7 (10.6) 31 (12.1) 4 (3.4) 36 (20.7) 41 (8.7) 34 (12.2) 16 (6.4) 37 (14.5) 128 (17.0)

Full-time student 15 (8.4) 32 (24.2) 5 (1.8) 51 (9.8) 11 (11.5) 24 (12.0) 3 (4.5) 14 (5.4) 21 (17.6) 22 (12.6) 19 (4.0) 8 (2.9) 4 (1.6) 9 (3.5) 89 (11.8)

Other 13 (7.3) 9 (6.8) 5 (1.8) 25 (4.8) 6 (6.3) 38 (19.0) 7 (10.6) 21 (8.2) 2 (1.7) 11 (6.3) 42 (8.9) 20 (7.2) 51 (20.4) 7 (2.7) 21 (2.8)

Marital status, No. (%)

Never married 89 (50.0) 73 (55.3) 77 (27.9) 211 (40.3) 47 (49.0) 134 (67.0) 22 (33.3) 143 (55.6) 68 (57.1) 67 (38.5) 132 (28.0) 131 (47.1) 171 (68.4) 59 (23.0) 329 (43.8)

Married or living with partner 78 (43.8) 50 (37.9) 185 (67.0) 271 (51.8) 47 (49.0) 65 (32.5) 41 (62.1) 102 (39.7) 45 (37.8) 102 (58.6) 306 (65.0) 130 (46.8) 76 (30.4) 181 (70.7) 366 (48.7)

Divorced or widowed 11 (6.2) 6 (4.5) 13 (4.7) 33 (6.3) 1 (1.0) 1 (0.5) 3 (4.5) 11 (4.3) 3 (2.5) 5 (2.9) 32 (6.8) 14 (5.0) 3 (1.2) 15 (5.9) 53 (7.0)

Other 0 (0.0) 3 (2.3) 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

Children: yes, No. (%) 76 (42.7) 26 (19.7) 144 (52.2) 207 (39.6) 26 (27.1) 46 (23.0) 34 (51.5) 94 (36.6) 41 (34.5) 69 (39.7) 244 (51.8) 97 (34.9) 59 (23.6) 137 (53.5) 293 (39.0)

Patient-reported NYHA assessment, No. (%)

Class Ia 87 (48.9) 78 (59.1) 186 (67.4) 281 (53.7) 27 (28.1) 91 (45.5) 28 (42.4) 123 (47.9) 75 (63.0) 63 (36.2) 291 (61.8) 162 (58.3) 109 (43.6) 153 (59.8) 355 (47.2)

Class II 65 (36.5) 36 (27.3) 68 (24.6) 185 (35.4) 47 (49.0) 72 (36.0) 34 (51.5) 86 (33.5) 34 (28.6) 80 (46.0) 142 (30.1) 78 (28.1) 134 (53.6) 75 (29.3) 239 (31.8)

Class III 13 (7.3) 10 (7.6) 7 (2.5) 40 (7.6) 13 (13.5) 20 (10.0) 1 (1.5) 25 (9.7) 4 (3.4) 20 (11.5) 24 (5.1) 24 (8.6) 3 (1.2) 16 (6.3) 67 (8.9)

Class IVb 8 (4.5) 6 (4.5) 9 (3.3) 10 (1.9) 6 (6.3) 13 (6.5) 1 (1.5) 14 (5.4) 1 (0.8) 7 (4.0) 5 (1.1) 5 (1.8) 4 (1.6) 6 (2.3) 61 (8.1)

CHD complexity, No. (%)

Simple 51 (28.7) 26 (19.7) 93 (33.7) 65 (12.4) 19 (19.8) 40 (20.0) 40 (60.6) 93 (36.2) 44 (37.0) 13 (7.5) 172 (36.5) 68 (24.5) 80 (32.0) 104 (40.6) 132 (17.6)

Moderate 97 (54.5) 69 (52.3) 150 (54.3) 303 (57.9) 35 (36.5) 75 (34.5) 16 (24.2) 107 (41.6) 61 (51.3) 92 (52.9) 212 (45.0) 131 (47.1) 115 (46.0) 131 (51.2) 363 (48.3)

Complex 30 (16.9) 37 (28.0) 33 (12.0) 155 (29.6) 42 (43.8) 85 (42.5) 10 (15.2) 57 (22.2) 14 (11.8) 69 (39.7) 87 (18.5) 79 (28.4) 55 (22.0) 21 (8.2) 257 (34.2)

EB estimate linear analog scale QOL (95%CI) 79.3 
(77.1–81.6)

82.1 
(79.6–84.6)

77.0 
(75.2–78.9)

76.1 
(74.7–77.5)

78.6 
(75.8–81.5)

76.9 
(74.8–79.0)

79.2 
(75.9–82.5)

71.6 
(69.7–73.5)

80.1 
(77.5–82.8)

76.9 
(74.6–79.1)

79.4 
(78.0–80.9)

81.4 
(79.5–83.2)

75.6 
(73.7–77.5)

79.9 
(78.0–81.8)

80.4 
(79.3–81.6)

EB estimate satisfaction with life scale (95%CI) 26.4 
(25.5–27.4)

26.0 
(25.0–27.0)

25.9 
(25.1–26.6)

24.4 
(23.9–25.0)

25.1 
(23.9–26.3)

25.8 
(24.9–26.6)

25.9 
(24.5–27.3)

21.1 
(20.3–21.8)

25.9 
(24.9–27.0)

25.5 
(24.6–26.4)

26.3 
(25.7–26.9)

26.8 
(26.0–27.6)

24.8 
(24.1–25.6)

26.9 
(26.1–27.6)

25.6 
(25.1–26.1)

a Not limited during physical activities. b Unable to be physically active without experiencing discomfort.                Abbreviations: CI: confidence interval. EB: empirical Bayes. IQR: interquartile range. QOL: quality of life.
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Online Table 2. Description of socio-demographic and medical background variables per country and 
quality of life estimates (N = 4028).
variables Argentina 

(N=178)
Australia 
(N=132)

belgium 
(N=276)

Canada 
(N=523)

France 
(N=96)

India 
(N=200)

Italy  
(N=66)

Japan  
(N=257)

Malta 
(N=119)

norway 
(N=174)

Sweden 
(N=471)

Switzerland 
(N=278)

Taiwan 
(N=250)

netherlands 
(N=256)

uSA  
(N=752)

Women, No. (%) 110 (61.8) 62 (47.0) 126 (45.7) 258 (49.3) 46 (47.9) 78 (39.0) 36 (54.5) 141 (54.9) 67 (56.3) 98 (56.3) 230 (48.8) 123 (44.2) 158 (63.2) 140 (54.7) 442 (58.8)

Median age in years (IQR) 31.0 (15.0) 24.0 (11.0) 34.0 (14.0) 33.0 (18.0) 29.0 (9.8) 24.5 (10.0) 39.0 (20.0) 31.0 (21.0) 27.0 (13.0) 31.0 (15.0) 37.0 (21.0) 32.0 (23.0) 29.0 (12.3) 41.0 (21.0) 31.0 (16.0)

Background, No. (%)

Middle-Eastern or Arabic 4 (2.2) 0 (0.0) 6 (2.2) 13 (2.5) 11 (11.5) 1 (0.5) 1 (1.5) 0 (0.0) 1 (0.8) 0 (0.0) 7 (1.5) 4 (1.4) 0 (0.0) 1 (0.4) 3 (0.4)

Asian 0 (0.0) 9 (6.8) 2 (0.7) 27 (5.2) 0 (0.0) 196 (98.0) 0 (0.0) 257 (100.0) 0 (0.0) 1 (0.6) 7 (1.5) 7 (2.5) 249 (99.6) 6 (2.3) 20 (2.7)

Black or African-American 0 (0.0) 0 (0.0) 3 (1.1) 6 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.4) 1 (0.4) 0 (0.0) 1 (0.4) 28 (3.7)

Hispanic or Latino 90 (50.6) 0 (0.0) 0 (0.0) 19 (3.6) 2 (2.1) 0 (0.0) 2 (3.0) 0 (0.0) 1 (0.8) 0 (0.0) 4 (0.8) 1 (0.4) 0 (0.0) 0 (0.0) 12 (1.6)

White or Caucasian 83 (46.6) 118 (89.4) 257 (93.1) 436 (83.4) 79 (82.3) 0 (0.0) 55 (83.3) 0 (0.0) 106 (89.1) 170 (97.7) 429 (91.1) 256 (92.1) 1 (0.4) 242 (94.5) 676 (89.9)

Other 0 (0.0) 5 (3.8) 1 (0.4) 6 (1.1) 0 (0.0) 0 (0.0) 2 (3.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (1.3) 0 (0.0) 0 (0.0) 2 (0.8) 9 (1.2)

Educational level, No. (%)

Less than high school 27 (15.2) 8 (6.1) 11 (4.0) 10 (1.9) 2 (2.1) 22 (11.0) 10 (15.2) 20 (7.8) 20 (16.8) 16 (9.2) 28 (5.9) 15 (5.4) 12 (4.8) 10 (3.9) 12 (1.6)

High school 54 (30.3) 78 (59.1) 131 (47.5) 173 (33.1) 43 (44.8) 44 (22.0) 33 (50.0) 112 (43.6) 47 (39.5) 88 (50.6) 187 (39.7) 170 (61.2) 70 (28.0) 149 (58.2) 336 (44.7)

College degree 30 (16.9) 12 (9.1) 80 (29.0) 169 (32.3) 3 (3.1) 67 (33.5) 7 (10.6) 68 (26.5) 19 (16.0) 34 (19.5) 24 (5.1) 48 (17.3) 32 (12.8) 68 (27.2) 185 (24.6)

University degree 65 (36.5) 32 (24.2) 52 (18.8) 164 (31.4) 47 (49.0) 67 (33.5) 16 (24.2) 57 (22.2) 30 (25.2) 35 (20.1) 230 (48.8) 39 (14.0) 136 (54.4) 23 (9.2) 212 (28.2)

Employment status, No. (%)

Part-time or full-time work 83 (46.6) 73 (55.0) 218 (79.0) 360 (68.8) 57 (59.4) 75 (37.5) 45 (68.2) 159 (61.9) 76 (63.9) 103 (59.2) 325 (69.0) 192 (69.1) 157 (62.8) 172 (67.2) 459 (61.0)

Homemaker or retired 32 (18.0) 5 (3.8) 18 (6.5) 30 (5.7) 6 (6.3) 22 (11.0) 4 (6.1) 32 (12.5) 15 (12.6) 2 (1.1) 42 (8.9) 23 (8.3) 22 (8.8) 29 (11.3) 49 (6.5)

Job seeking, unemployed or disabled 32 (18.0) 13 (9.8) 29 (10.5) 52 (9.9) 15 (15.6) 40 (20.0) 7 (10.6) 31 (12.1) 4 (3.4) 36 (20.7) 41 (8.7) 34 (12.2) 16 (6.4) 37 (14.5) 128 (17.0)

Full-time student 15 (8.4) 32 (24.2) 5 (1.8) 51 (9.8) 11 (11.5) 24 (12.0) 3 (4.5) 14 (5.4) 21 (17.6) 22 (12.6) 19 (4.0) 8 (2.9) 4 (1.6) 9 (3.5) 89 (11.8)

Other 13 (7.3) 9 (6.8) 5 (1.8) 25 (4.8) 6 (6.3) 38 (19.0) 7 (10.6) 21 (8.2) 2 (1.7) 11 (6.3) 42 (8.9) 20 (7.2) 51 (20.4) 7 (2.7) 21 (2.8)

Marital status, No. (%)

Never married 89 (50.0) 73 (55.3) 77 (27.9) 211 (40.3) 47 (49.0) 134 (67.0) 22 (33.3) 143 (55.6) 68 (57.1) 67 (38.5) 132 (28.0) 131 (47.1) 171 (68.4) 59 (23.0) 329 (43.8)

Married or living with partner 78 (43.8) 50 (37.9) 185 (67.0) 271 (51.8) 47 (49.0) 65 (32.5) 41 (62.1) 102 (39.7) 45 (37.8) 102 (58.6) 306 (65.0) 130 (46.8) 76 (30.4) 181 (70.7) 366 (48.7)

Divorced or widowed 11 (6.2) 6 (4.5) 13 (4.7) 33 (6.3) 1 (1.0) 1 (0.5) 3 (4.5) 11 (4.3) 3 (2.5) 5 (2.9) 32 (6.8) 14 (5.0) 3 (1.2) 15 (5.9) 53 (7.0)

Other 0 (0.0) 3 (2.3) 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

Children: yes, No. (%) 76 (42.7) 26 (19.7) 144 (52.2) 207 (39.6) 26 (27.1) 46 (23.0) 34 (51.5) 94 (36.6) 41 (34.5) 69 (39.7) 244 (51.8) 97 (34.9) 59 (23.6) 137 (53.5) 293 (39.0)

Patient-reported NYHA assessment, No. (%)

Class Ia 87 (48.9) 78 (59.1) 186 (67.4) 281 (53.7) 27 (28.1) 91 (45.5) 28 (42.4) 123 (47.9) 75 (63.0) 63 (36.2) 291 (61.8) 162 (58.3) 109 (43.6) 153 (59.8) 355 (47.2)

Class II 65 (36.5) 36 (27.3) 68 (24.6) 185 (35.4) 47 (49.0) 72 (36.0) 34 (51.5) 86 (33.5) 34 (28.6) 80 (46.0) 142 (30.1) 78 (28.1) 134 (53.6) 75 (29.3) 239 (31.8)

Class III 13 (7.3) 10 (7.6) 7 (2.5) 40 (7.6) 13 (13.5) 20 (10.0) 1 (1.5) 25 (9.7) 4 (3.4) 20 (11.5) 24 (5.1) 24 (8.6) 3 (1.2) 16 (6.3) 67 (8.9)

Class IVb 8 (4.5) 6 (4.5) 9 (3.3) 10 (1.9) 6 (6.3) 13 (6.5) 1 (1.5) 14 (5.4) 1 (0.8) 7 (4.0) 5 (1.1) 5 (1.8) 4 (1.6) 6 (2.3) 61 (8.1)

CHD complexity, No. (%)

Simple 51 (28.7) 26 (19.7) 93 (33.7) 65 (12.4) 19 (19.8) 40 (20.0) 40 (60.6) 93 (36.2) 44 (37.0) 13 (7.5) 172 (36.5) 68 (24.5) 80 (32.0) 104 (40.6) 132 (17.6)

Moderate 97 (54.5) 69 (52.3) 150 (54.3) 303 (57.9) 35 (36.5) 75 (34.5) 16 (24.2) 107 (41.6) 61 (51.3) 92 (52.9) 212 (45.0) 131 (47.1) 115 (46.0) 131 (51.2) 363 (48.3)

Complex 30 (16.9) 37 (28.0) 33 (12.0) 155 (29.6) 42 (43.8) 85 (42.5) 10 (15.2) 57 (22.2) 14 (11.8) 69 (39.7) 87 (18.5) 79 (28.4) 55 (22.0) 21 (8.2) 257 (34.2)

EB estimate linear analog scale QOL (95%CI) 79.3 
(77.1–81.6)

82.1 
(79.6–84.6)

77.0 
(75.2–78.9)

76.1 
(74.7–77.5)

78.6 
(75.8–81.5)

76.9 
(74.8–79.0)

79.2 
(75.9–82.5)

71.6 
(69.7–73.5)

80.1 
(77.5–82.8)

76.9 
(74.6–79.1)

79.4 
(78.0–80.9)

81.4 
(79.5–83.2)

75.6 
(73.7–77.5)

79.9 
(78.0–81.8)

80.4 
(79.3–81.6)

EB estimate satisfaction with life scale (95%CI) 26.4 
(25.5–27.4)

26.0 
(25.0–27.0)

25.9 
(25.1–26.6)

24.4 
(23.9–25.0)

25.1 
(23.9–26.3)

25.8 
(24.9–26.6)

25.9 
(24.5–27.3)

21.1 
(20.3–21.8)

25.9 
(24.9–27.0)

25.5 
(24.6–26.4)

26.3 
(25.7–26.9)

26.8 
(26.0–27.6)

24.8 
(24.1–25.6)

26.9 
(26.1–27.6)

25.6 
(25.1–26.1)

a Not limited during physical activities. b Unable to be physically active without experiencing discomfort.                Abbreviations: CI: confidence interval. EB: empirical Bayes. IQR: interquartile range. QOL: quality of life.
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ONLINE FIGURE 1. Quality-of-life estimates in adults with congenital heart disease and Power Distance 

Index per country 

  

Note. Cultural dimensions are based on dimensions of national culture by Hofstede. Quality-of-life estimates 

are Empirical Bayes (EB) estimates derived from the generalized linear mixed model without adjustment for 

patient and country-specific characteristics. 

  

Online Figure 1. Quality-of-life estimates in adults with congenital heart disease and Power Distance 
Index per country.
Cultural dimensions are based on dimensions of national culture by Hofstede. Quality-of-life estimates 
are Empirical Bayes (EB) estimates derived from the generalized linear mixed model without adjustment 
for patient and country-specific characteristics.

ONLINE FIGURE 2. Quality-of-life estimates in adults with congenital heart disease and Individualism 
versus Collectivism per country 

  

Online Figure 2. Quality-of-life estimates in adults with congenital heart disease and Individualism 
versus Collectivism per country.
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ONLINE FIGURE 3. Quality-of-life estimates in adults with congenital heart disease and Masculinity 

versus Femininity per country 

  

Online Figure 3. Quality-of-life estimates in adults with congenital heart disease and Masculinity ver-
sus Femininity per country.

ONLINE FIGURE 4. Quality-of-life estimates in adults with congenital heart disease and Uncertainty 

Avoidance Index per country 

  

Online Figure 4. Quality-of-life estimates in adults with congenital heart disease and Uncertainty 
Avoidance Index per country.
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ONLINE FIGURE 5. Quality-of-life estimates in adults with congenital heart disease and Long Term 

Orientation versus Short Term Normative Orientation per country 

  

Online Figure 5. Quality-of-life estimates in adults with congenital heart disease and Long Term Orien-
tation versus Short Term Normative Orientation per country.

ONLINE FIGURE 6. Quality-of-life estimates in adults with congenital heart disease and Indulgence 
versus Restraint per country 

 

 

 

Online Figure 6. Quality-of-life estimates in adults with congenital heart disease and Indulgence versus 
Restraint per country.
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AbSTRACT

background
Conflicting results have been reported regarding unemployment rates and associated 
factors in adults with congenital heart disease (CHD). We, therefore, assessed employ-
ment status, work ability and self-reported limitations at work in an international cohort 
of adults with CHD.

Methods
Data from 4,028 adults with CHD (53% women) from 15 countries were collected by a 
uniform survey including the work ability score in the cross-sectional APPROACH Inter-
national Study. Predictors for employment and limitations at work were studied with the 
use of general linear mixed models.

Results
Median age was 32 years (25–42) and 94% of patients had at least a high school degree. 
Overall employment rate was 69%, but varied substantially among countries. Higher 
education (OR 1.99–3.69) and having a partner (OR 1.72) were associated with more em-
ployment; female sex (OR 0.66, worse NYHA functional class (OR 0.67–0.13) and a history 
of congestive heart failure (OR 0.74) were associated with less employment. Limitations 
at work were reported in 34% and associated with female sex (OR 1.36), increasing age 
(OR 1.03), more severe CHD (OR 1.31–2.10) and a history of congestive heart failure (OR 
1.57) or mental disorders (OR 2.26). Only a university degree was associated with fewer 
limitations at work (OR 0.62). The impact of these risk factors varied between countries.

Conclusion
There are genuine differences in the impact of CHD on employment status in different 
countries. Although the majority of adult CHD patients are employed, limitations at work 
are common. Education appears to be the main predictor for successful employment and 
should therefore be encouraged in patients with CHD.
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InTRODuCTIOn

With survival rates to adulthood over 90%, most children with congenital heart disease 
(CHD) go to school, ideally followed by a job 1, 2. Employment and work ability contribute 
to well-being and are nowadays crucial in daily life for most adults with CHD 3. Employ-
ment has been reported as one of the most important aspects of quality of life (QOL) 
and, inversely, lack of employment with lower QOL 4, 5. In contrast to previous guidelines 
6, education and employment are no longer mentioned in the latest European guidelines 
for the management of grown-up CHD 7.

Higher rates of unemployment, disease-related absence from work and limitations at 
work have been reported in adults with CHD compared to the general population in the 
Netherlands, Germany, Denmark, the United Kingdom and the United States 8-13. This is 
in contrast to studies from Finland, Sweden and Malta, which have reported employment 
rates in CHD similar or even above those of the general population 14-16.

Research in other chronic diseases (e.g. rheumatoid arthritis, asthma, chronic obstruc-
tive pulmonary disease, diabetes mellitus and ischemic heart disease) has consistently 
shown that employment and work ability are negatively influenced by these diseases. 
Patients with other chronic diseases are less often employed, work fewer hours when 
they work and report limitations at work 17. These findings were associated with older 
age, female sex, perceived health complaints and limitations in daily physical activities 
caused by the disease 18. It remains unknown whether these contributing factors for 
work disability are applicable to adults with CHD.

The conflicting findings on employment and limitations at work in CHD among different 
countries and the uncertainty regarding contributing factors, suggest that employment 
status, work ability and limitations at work in adults with CHD might be influenced by 
other factors than solely the CHD itself. Therefore, the aim of this study was to explore 
employment, work ability and the presence of limitations at work in a large international 
adult CHD cohort in a uniform way, to investigate differences between countries and to 
identify predictors for employment and work limitations.

METHODS

Study design and setting
Data were collected from April 2013 to March 2015 in the “Assessment of Patterns of Pa-
tient-Reported Outcomes in Adults with Congenital Heart disease – International Study” 
(APPROACH-IS). APPROACH-IS is an international cross-sectional multicentre study con-
ducted in partnership with the International Society for Adult Congenital Heart Disease 
(ISACHD). The rationale and methodology of this study have been previously described 
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19. In summary, inclusion criteria were age 18 years or above, known CHD with continuing 
follow-up and the ability to complete self-report questionnaires. The study was approved 
by the institutional review board of the coordinating centre (University Hospitals Leuven/
KU Leuven, Belgium) and local institutional review boards when required. All participat-
ing patients provided written informed consent. Data from 5 different continents were 
collected in 15 participating countries: Belgium, France, Italy, Malta, Norway, Sweden, 
Switzerland and the Netherlands (Europe), Canada and the United States (Northern 
America), India, Japan and Taiwan (Asia), Argentina (South America) and Australia.

variables and measurements
A uniform survey developed by the research team consisting of questions on demograph-
ic, medical and QOL items was sent to an either random or consecutively approached 
selection of patients at each participating centre. The first question of the Work Ability 
Index, inquiring current work ability compared to lifetime best, was used to assess work 
ability. This question is considered a valid and reliable predictor of work disability and 
is frequently used to measure work ability 20, 21. Patients were asked to rate their cur-
rent work ability on a scale from 0 (not being able to work at all) to 10 (equivalent of 
lifetime best work ability). A work ability score (WAS) of 8 or higher was considered good 
to excellent, a score of 6 or 7 was considered moderate and any score of 5 or below 
was considered poor. Limitations at work were collected through several questions on 
work experiences. Questions were about experiencing limitations at work attributed to 
the CHD, such as having symptoms at work, having to slow down due to symptoms or 
having to work part-time because of the disease. Country-specific data on employment 
and unemployment were drawn from the International Monetary Fund (IMF) and the 
Organisation for Economic Co-operation and Development (OECD) 22, 23.

Definitions
CHD was diagnosed according to the European Paediatric Cardiac Code Short List coding 
scheme 24. To categorize complexity of CHD, a pre-specified hierarchical scheme was 
used, classifying type of CHD as either mild, moderate or severe 25. Employment status 
was classified by the patient as either full- or part-time employed, unemployed (includ-
ing job seeking), disabled/government financial assistance, homemaker, student, retired 
or other. From all patients that had chosen ‘other’, additional free text was individually 
verified. For all analyses regarding work ability, only patients with working experiences 
were taken into account. Therefore, since most of the participating countries have a 
retirement system from 65 years or older, patients were censored from that age and 
homemakers, early retired participants and students were all excluded from work ability 
analyses. Unemployed or disabled patients who considered themselves entirely unable 
to work were also excluded from all analyses on working experiences. Limitations at work 
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were considered when ‘yes’ was answered on one or more questions on work limitations. 
Only employed patients were included for the analyses on work limitations.

Statistical methods
Categorical data were presented as numbers and percentages and continuous data as 
medians with interquartile ranges (IQR) since they were not normally distributed. Clinical 
characteristics were compared using chi-square statistics for dichotomous and categori-
cal variables and Mann-Whitney U tests for continuous variables. The differences in pa-
rameters for employment and work limitations were first tested by univariate analyses. 
The association of patient-specific characteristics of employment and work limitations 
was estimated with the use of general linear mixed models. By this multilevel structure 
patients were nested within countries, to account for as much influence from cultural 
differences as possible. Odds ratios (ORs) and 95% confidence intervals (CIs) were calcu-
lated using multivariable logistic regression. The level of statistical significance was set at 
p≤0.05 and all reported p-values were two-tailed. All statistical analyses were performed 
using SPSS statistical software for Windows (version 23).

RESuLTS

A total of 4028 adults with CHD were enrolled in APPROACH-IS. Data on employment 
status were missing from 35 (<1%) participants. In addition, 135 (3%) patients 65 years 
or older, 336 (8%) homemaker or retired, 157 (4%) students, and 180 (5%) unemployed 
or disabled patients who considered themselves entirely unable to work were excluded. 
Exclusion criteria were partly overlapping. Factors influencing employment status and 
work ability were assessed on the remaining 3,283 (82%) patients.

Characteristics of the study population are described in Table 1. Median age was 32 
years (IQR 25–42). Slightly more women than men (53% versus 47%, P=0.002) were in-
cluded and CHD distribution was more severe in men. The majority of patients originated 
from Europe or North America, had at least a high school degree, were married or living 
with a partner, had no children and had NYHA functional class I symptoms. Fifty-one 
percent of all patients had a college or university degree.
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Table 1. Characteristics of the study population.

APPROACH-IS (N = 4028)

variable Respondents men
N = 1897 (47)

women
N = 2115 (53)

total
N = 4012∞

p-value

Age, y (IQR) 4013 31 (24–43) 32 (25–41) 32 (25–42) 0.649

Origin, N (%)* 4028

Europe 869 (46) 866 (41) 1735 (43) 0.003

North America 560 (29) 700 (33) 1260 (32) 0.016

Asia 330 (17) 377 (18) 707 (18) 0.761

South America 68 (4) 110 (5) 178 (4) 0.018

Australia 70 (4) 62 (3) 132 (3) 0.177

Marital status 4008

never married 911 (48) 839 (40) 1750 (44) <0.001

married/living with partner 901 (48) 1134 (54) 2035 (51) <0.001

divorced/widowed 73 (4) 129 (6) 202 (5) 0.001

Having children 4004 696 (37) 881 (42) 1577 (40) 0.002

Educational level 3989

less than high school 109 (6) 114 (5) 223 (6) 0.623

high school 834 (44) 873 (42) 1707 (43) 0.086

college degree 390 (21) 455 (22) 845 (21) 0.459

university degree 542 (29) 657 (31) 1199 (30) 0.085

CHD severity 4028

mild 420 (22) 618 (29) 1038 (26) <0.001

moderate 924 (49) 1021 (48) 1945 (49) 0.783

severe 553 (29) 476 (23) 1029 (25) <0.001

NYHA 1/2 3927 1665 (90) 1778 (88) 3443 (89) <0.001

NYHA 3/4 186 (10) 251 (12) 437 (11) 0.037

Comorbidity

congestive heart failure 3959 193 (10) 240 (12) 435 (11) 0.471

cognitive impairment 3998 29 (2) 19 (1) 48 (1) 0.066

history of mental disorder 4012 149 (8) 265 (13) 418 (10) <0.001

Employment status 3993

employed 1381 (74) 1364 (65) 2756 (69) <0.001

full-time 1151 (83) 893 (65) 2055 (75) <0.001

part-time 230 (17) 471 (35) 701 (25) <0.001

homemaker or retired 79 (4) 255 (12) 336 (8) <0.001

unemployed # 192 (10) 201 (10) 94 (10) 0.511
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Table 1. Characteristics of the study population. (continued)

APPROACH-IS (N = 4028)

variable Respondents men
N = 1897 (47)

women
N = 2115 (53)

total
N = 4012∞

p-value

disabled 127 (7) 173 (8) 301 (8) 0.074

student or other 101 (5) 105 (5) 206 (5) 0.606

good WAS( ≥ 8) Ω 3227 1248 (78) 1247 (77) 2495 (77) 0.596

poor WAS (≤ 5) 135 (8) 148 (9) 283 (9) 0.467

any work limitations § 2745 441 (32) 499 (37) 940 (34) 0.010
∞ sex unknown in 16 patients
* percentages within columns
# unemployed also includes job seeking
Ω WAS = work ability score = only from patients aged below 65 years who were currently employed or 
had experiences with employment (N=3283, from 56 patients WAS unknown)
§ work limitations among employed patients (N=2756, from 11 patients sex unknown)
Abbreviations: CHD = congenital heart disease; NYHA = New York Heart Association (functional class).

Employment status
As shown in Table 1, 69% of all patients were employed, varying from 43% in India to 
80% in Belgium. Employment status per country is depicted in Figure 1 and 2 (see supple-
mentary material online, e-Table 1, for exact numbers). Women were generally less often 
employed than men (65% versus 74%, P<0.001), varying from 23% in India to 77% in 
Belgium. Disability rates increased by age and CHD severity (from 4% in mild to 11% in 
severe CHD, P<0.001). Additional data on employment status, WAS and work limitations 
according to CHD complexity can be found online in e-Table 2. As shown in Figure 1, 
employment rates were lower than expected in 8 of 12 countries, most pronounced in 
India and Switzerland, and higher than expected in the remaining 4 countries. Differ-
ences between employment in CHD patients and the general population varied strongly 
between countries: from an employment rate of 18% above the general population in 
Belgium to 18% below the general population in India. Overall, unemployment (including 
job seeking) was observed in 10% of patients, equally in men and women. In all countries 
except for Belgium and the Netherlands, unemployment rates were higher in CHD pa-
tients than in the general population (e-Table 1).
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Figure 1. Distributi on of employment status in ACHD pati ents per country.
* employment rates for the general populati on per country according to the Organisati on for Economic 
Co-operati on and Development (OECD) are available for 12 countries and highlighted with a dark blue 
bar.

The proporti on of pati ents working part-ti me varied between countries from 8% in India 
to 51% in Australia. Women worked part-ti me more oft en than men (35% versus 17%, 
P<0.001, Table 1). Overall, part-ti me employment did not diff er according to CHD sever-
ity (e-Table 2), but patt erns in part-ti me workers varied strongly between countries. For 
example, in Australia, part-ti me workers were mostly pati ents with more severe CHD, 
whereas in the Netherlands, mainly women worked part-ti me.

Factors associated with less employment in multi variate logisti c regression analyses by 
generalized linear models were female sex, worse NYHA functi onal class and a history of 
congesti ve heart failure (but not CHD severity) (Table 2). Higher educati on (ORs ranging 
from 1.99, 95% CI 1.37–2.90 for only high school to 3.69, 95% CI 2.65–5.14, for universal 
degree) and having a partner (OR 1.72, 95% CI 1.48–1.99) were positi vely associated 
with being employed.
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Table 2. Factors associated with employment in adult CHD patients (N=3283 with N=2756 employed patients). 

 

Variable                       OR 95% CI P-value 

     
female gender  0.66 0.57–0.76 <0.001 

  age (per year)  0.99 0.97–1.00 0.080 

high school education  1.99 1.37–2.90 <0.001 
college degree  3.52 2.25–5.50 <0.001 

university degree  3.69 2.65–5.14 <0.001 

NYHA II  0.67 0.57–0.78 <0.001 

NYHA III  0.30 0.21–0.41 <0.001 
NYHA IV  0.13 0.06–0.26 <0.001 

moderate CHD  1.06 0.89–1.26 0.514 
severe CHD  0.88 0.74–1.05 0.166 

having a partner  1.72 1.48–1.99 <0.001 
having children  0.97 0.77–1.23 0.807 

history of congestive heart failure  0.74 0.60–0.92 0.008 

history of mental disorder  0.85 0.65–1.11 0.228 
     
 

Abbreviations: NYHA = New York Heart Association (functional class); CHD = congenital heart disease. 

 

< 60%

60–70%

≥70%

Employment rate

≥ 40%

20–40%

< 20%

Work limitations

Figure 2. Distributi on of employment and work limitati ons*  among parti cipati ng countries.
This map shows the amount of employment and work limitati ons per country, with darker colours 
refl ecti ng less unemployment and more limitati ons.
* work limitati ons among employed pati ents.

Parti cipati ng countries with total number of parti cipants and percentage employed:
Argenti na (N=174, 52% employed), Australia (N=132, 67%), Belgium (N=275, 80%), Canada (N=517, 
75%), France (N=95, 63%), India (N=199, 43%), Italy (N=64, 74%), Japan (N=257, 67%), Malta (N=116, 
74%), Norway (N=172, 70%), Sweden (N=468, 73%), Switzerland (N=276, 72%), Taiwan (N=250, 64%), 
the Netherlands (N=254, 70%), United States (N=744, 70%).

Table 2. Factors associated with employment in adult CHD pati ents (N=328, N=2756 employed).

Variable OR 95% CI P-value

female gender 0.66 0.57–0.76 <0.001

age (per year) 0.99 0.97–1.00 0.080

high school educati on 1.99 1.37–2.90 <0.001

college degree 3.52 2.25–5.50 <0.001

university degree 3.69 2.65–5.14 <0.001

NYHA II 0.67 0.57–0.78 <0.001

NYHA III 0.30 0.21–0.41 <0.001

NYHA IV 0.13 0.06–0.26 <0.001

moderate CHD 1.06 0.89–1.26 0.514

severe CHD 0.88 0.74–1.05 0.166

having a partner 1.72 1.48–1.99 <0.001

having children 0.97 0.77–1.23 0.807

history of congesti ve heart failure 0.74 0.60–0.92 0.008

history of mental disorder 0.85 0.65–1.11 0.228

0,1 1 10

Abbreviati ons: NYHA = New York Heart Associati on (functi onal class); CHD = congenital heart disease.
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Work ability
Most employed patients (77%) found themselves well capable of working, expressed in 
a WAS of 8 or higher. This varied from 57% in Taiwan to 94% in Malta (data per country 
shown online in e-Table 1). In total, only 283 patients (9%) with working experiences 
scored a WAS of 5 or below (ranging from 0% in Malta to 19% in India). Among all em-
ployed patients, 5% considered themselves not at all capable of working, varying from 
0% in Argentina, Malta and the Netherlands to 11% of employed patients in India and 
Taiwan.

Work limitations
Among currently employed patients, 34% experienced some degree of limitations 
(varying from 16% in Malta to 50% in India and Taiwan, e-Table 1). Figure 2 reflects the 
employment situation including limitations per country. Patients that experienced work-
ing limitations were slightly older (35±11 versus 34±11 years, P<0.001) and more often 
women: limitations were seen in 37% of all working women versus 32% of all working 
men (P=0.010). Part-time workers reported more limitations than patients who worked 
full-time (43% versus 31% limitations among full-time workers, P<0.001). Table 3 shows 
that female sex (OR 1.36, 95% CI 1.17–1.58), increasing age (OR 1.03, 95% CI 1.02–1.04; 
for each increasing year of age, 3% more limitations were seen), more severe CHD (OR 
1.31, 95% CI 1.09–1.58 for moderate to 2.10, 95% CI 1.68–2.62 severe CHD), history of 
congestive heart failure (OR 1.57, 95% CI 1.19–2.08) and mental illness (OR 2.26, 95% CI 
1.67–3.06) were all associated with limitations at work. Only 4% of patients with work 
limitations had none of these associated factors. A university degree was the only factor 
that was associated with fewer limitations (OR 0.62, 95% CI 0.41–0.93). Patients with 
more severe CHD reported more work limitations (presented in e-Table 2, together with 
the reported symptoms). The impact of severe CHD (compared to non-severe CHD) on 
work limitations varied greatly by country, but was strongly predictive in Japan, India, 
Sweden, Switzerland, Canada and the United States (ORs ranging from 1.9 to 5.2, see 
e-Table 3).
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Table 3. Risk factors for work limitati ons among employed pati ents (N=941 in N=2756 employed pa-
ti ents).

Variable OR 95% CI P-value

Female sex 1.36 1.17–1.58 <0.001

Age (per year) 1.03 1.02–1.04 <0.001

Moderate CHD 1.31 1.09–1.58 0,005

Severe CHD 2.10 1.68–2.62 <0.001

High school educati on 1.02 0.69–1.52 0.915

College degree 0.79 0.54–1.17 0.243

University degree 0.62 0.41–0.93 0.021

History of congesti ve heart failure 1.57 1.19–2.08 0.002

History of mental disorder 2.26 1.67–3.06 <0.001

Having a partner 0.86 0.71–1.03 0.105

Having children 0.88 0.71–1.09 0.244

0,1 1 10

Abbreviati on: CHD = congenital heart disease.

DISCuSSIOn

In the present study, employment was studied in a large internati onal cohort using a 
uniform methodology. The majority of CHD pati ents were employed despite experienc-
ing severe limitati ons. The most striking factors positi vely associated with employment 
were educati on and male gender.

To date, there are only a few prior studies investi gati ng employment in adults with 
CHD and they are mostly limited to the assessment of employment status. CHD pati ents 
from western Europe and the United States were less likely to be employed than healthy 
controls, especially with cyanoti c but even with mild CHD 8-10, 12, 26. However, two Scandi-
navian studies found employment levels higher than expected 14, 15. In our study, employ-
ment rates were lower than in the general populati on in most countries, but diff erences 
varied substanti ally. Since the same questi onnaires and reference data were used for all 
parti cipati ng countries, we may assume that there are indeed genuine diff erences in the 
impact of CHD on employment status in diff erent conti nents and countries.

Although the majority of pati ents were employed and considered themselves well 
capable of working, a large proporti on experienced limitati ons at work. More work limi-
tati ons and a poor self-declared work ability was observed in economically poorer coun-
tries. This may be explained by insuffi  cient social security with less fi nancial support for 
disabled pati ents. For example in India, a considerable amount of employed pati ents sti ll 
considered themselves not capable of working and 50% reported limitati ons. However, 
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2.10

1.02

0.79

0.62

1.57

2.26

0.86

0.88

 

Table 3. Risk factors for work limitations among employed patients (N=941 in N=2756 employed patients). 

Variable 
 

                 OR 95% CI P-value 

     
Female sex  1.36 1.17–1.58 <0.001 
Age (per year)  1.03 1.02–1.04 <0.001 

Moderate CHD  1.31 1.09–1.58 0,005 
Severe CHD  2.10 1.68–2.62 <0.001 

High school education  1.02 0.69–1.52 0.915 
College degree  0.79 0.54–1.17 0.243 

University degree  0.62 0.41–0.93 0.021 

History of congestive heart failure  1.57 1.19–2.08 0.002 
History of mental disorder  2.26 1.67–3.06 <0.001 

Having a partner  0.86 0.71–1.03 0.105 
Having children  0.88 0.71–1.09 0.244 
     
  

 

Abbreviation: CHD = congenital heart disease. 
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even in a wealthy country like Australia, patients with cardiovascular disease have been 
reported to be at risk of living in poverty when unemployed due to their condition 27.

Predictors for employment and limitations at work
Factors associated with employment in adults with CHD were in great part similar to fac-
tors associated with employment in the general population and in other chronic diseases 
17. Higher educational levels and male gender were associated with more employment. 
Our previous qualitative study on barriers and limitations at work showed that less physi-
cal work was beneficial for our patients 11. Higher education generally leads to jobs with 
less physical work, more internal and external recovery possibilities and, often, better 
job conditions. However, patients with CHD are at increased risk for developmental 
disorders 28. On the whole, patients with CHD attain lower educational levels than the 
general population 10, 29-32. Since this study demonstrates a positive effect on employ-
ment and limitations at work from higher education, this is a serious issue that needs 
to be addressed and can potentially benefit from intervention. In a scientific statement, 
Marino et al. called for vocational planning early in adolescence to maximize appropriate 
educational options 28. Previous studies have indicated that CHD patients lack advice 
on education and career 8, 11. Although they were less likely to consider offered advice 
helpful than healthy controls, the chance to return to work in patients on sick leave can 
be influenced by the treating physician 33. Since most patients with CHD are in life-long 
cardiac care, this should not be taken lightly.

As in the general population, female gender was found to be a risk factor for less 
employment 23. This factor might therefore be more of a cultural reflection of specific 
gender roles or social stereotyping than a specific risk factor for CHD patients. However, 
in prior studies comparing adult CHD patients to the general population, the effect of 
CHD on employment was larger for men, meaning that employment patterns in male 
CHD patients differed more from the patterns in the male general population than fe-
male patterns did 9, 10, 34. It would be interesting, but beyond the scope of this study, to 
compare male and female working patterns per country.

What could promote successful employment in CHD patients besides good education? 
Hypothetically, working part-time could be seen as a way to stay employed despite limi-
tations. In our study, patients working part-time reported more limitations than those 
working full-time. However, in countries where a large proportion of patients worked 
part-time, disability or unemployment rates were not specifically lower than countries 
with fewer part-time workers. Working part-time requires flexibility from the employer to 
accommodate part-time employment and requires alternative sources for the patient for 
the remaining income. The lack of the latter will explain that for some patients in some 
countries, working part-time was not an option.
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Strengths and limitations
The relatively large sample size is a major strength of this study. However, number of 
participants (as well as countries per continent) varied between countries, which did not 
allow for detailed analyses on a national or continental level. The study was based on 
uniform questionnaires assessing patient-reported outcomes. In retrospect, definitions 
- favourably country-specific - could have been more clear, since some descriptions such 
as ‘disability’ may have different meaning or regulation in different countries. The Work 
Ability Score was used as an instrument to measure work ability. It consists of a ‘ladder’ 
scale system. How patients interpret this scale and how likely extreme values are chosen, 
could be influenced by country or culture. Furthermore, data on work limitations were 
only studied in employed patients. This selected sample is likely healthier than the larger 
CHD population (known as the ‘healthy worker effect’), thereby limiting generalizability 
of our findings 35. However, we prioritized internal validity by including only employed 
patients. Any bias from a ‘healthy worker effect’ is likely in the direction of underestima-
tion of work-related limitations.

COnCLuSIOnS

A history of CHD has consequences beyond the medical field. Although, nowadays, in 
most countries the majority of adults with CHD are employed, CHD continues to have 
a negative impact on employment. In this global study with uniform questionnaires, 
employment varied widely by country. Differences could only be partly explained by 
economic status. Education is the main predictor for successful employment with higher 
education appearing to even protect against limitations at work. Since the Work Ability 
Score (WAS) has proven to be a useful tool to predict future disability in other chronic 
diseases, a longitudinal follow-up study is required to determine whether it can also 
predict disability in CHD patients. In the meantime, a poor WAS in an employed patient 
should be considered a prognostic bad sign that needs to be addressed and may indicate 
consultation of an occupational physician or therapist. In general, our results support 
advocating for young CHD patients to reach their full educational potential.
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AbSTRACT

background: Tetralogy of Fallot (TOF) is associated with adverse neurological outcomes 
and impaired job participation later in life. This could potentially be caused by cerebral 
damage through previous cyanosis, prenatal cerebral impairments or perioperative dam-
age. We investigated the presence of cerebral damage in adults with corrected TOF and 
its relation with occupational outcomes.

Methods: Structural cerebral damage was studied in 67 adult TOF patients through 
magnetic resonance imaging (MRI) and cognitive assessment. Job participation and oc-
cupational outcomes were assessed by a questionnaire.

Results: Median age was 37 years (range 20–69) and sex distribution was equal. Thirty-
three patients (52%) showed signs of cerebral damage on MRI: cerebral infarcts were 
seen in 12 (19%) and white matter hyperintensities (WMH) in 29 out of 64 patients (45%). 
Cerebral damage was related to age and age of corrective surgery. Twenty-one partici-
pants (32%) showed cognitive impairment in at least one domain, mostly in language or 
executive functioning. Several individual tests showed mean scores below expected, 
but no systematic deviations in particular domains were found. Cognitive assessment 
results were not related to MRI findings. Fifty-two patients (78%) were employed, work-
ing a mean of 4 days (±1) or 31 hours per week (range 4–40). Nineteen patients (35%) 
experienced job related problems which they attributed to their cardiac condition and 
16 (30%) reported disease related absence from work in the prior 3 months. No relation 
was found between job participation or unemployment and structural brain damage or 
cognitive function.

Conclusion: More than half of the adults with corrected TOF in this study show signs of 
cerebral damage at MRI or NPE at relatively young age. However, there was no relation 
with job participation. Corrective surgery at older age was associated with more cerebral 
damage. With current earlier surgical correction, other factors for impaired job participa-
tion therefore need further investigation.
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InTRODuCTIOn

Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart disease (CHD). 
Cardiac surgery, often more than once, is required to correct the defects and has substan-
tially improved survival over the last decades 1. Therefore, attention has shifted towards 
long-term cognitive outcomes 2, 3. Motor function, expressive and receptive language, 
intelligence and academic achievement have been found to be reduced among children 
with TOF 4. Previous studies have also shown a relatively high rate of unemployment and 
work related problems in adults with TOF 5-9. Whereas neurological consequences of 
CHD receive increasing attention, most of the previous research has focused at neonates 
and children. Recently, a study among adolescents showed that cerebral infarcts were 
found in 6% and abnormalities on cerebral MRI in 42% of adolescent patients with TOF 
10. This is more than the 18% of incidental findings on cerebral MRI that are described in 
healthy subjects 11. However, studies that combine neuroimaging, cognitive assessment 
and employment data in adults with TOF are lacking.

Cerebral damage among adult patients with TOF may be explained by several patho-
physiological mechanisms. Abnormal foetal brain development as well as an increased 
risk for perinatal cerebral injury have been shown among patients with – especially cya-
notic – CHD. Underlying causes may include (epi)genetics and abnormal cerebral blood 
flow 3, 12-15. After birth, cardiac surgery or the use of extra corporal circulation may be 
other mechanisms that could cause neurological damage, mainly through an increased 
risk for cerebral infarcts. Up to 19% of new – mostly silent – cerebral infarcts have been 
described early post-operatively 16, 17. This finding may also be influenced by the elevated 
haematocrit levels that are seen among patients with cyanotic CHD and are associated 
with increased blood viscosity and impaired cerebral blood flow 18, 19. Other contributing 
factors to impaired cognitive or neurological development may be differences in upbring-
ing, an increased risk for psychopathology and TOF often being part of syndromes that 
involve anatomic cerebral anomalies or other neurological problems 2, 20.

The primary aim of this study was to explore the prevalence of cerebral damage in adult 
patients with TOF, measured by structural magnetic resonance imaging (MRI) as well 
as cognitive assessment through neuropsychological examination (NPE). The secondary 
aim was to investigate whether cerebral damage is related to occupational outcomes 
including unemployment and impaired job participation.
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METHODS

Study population and design
The study was designed as a single centre, observational cohort study to investigate ce-
rebral damage in adults with corrected TOF. Exclusion criteria were known chromosomal 
syndromes such as 22q11-deletion or Down syndrome and contraindications for MRI 
including claustrophobia and the presence of a pacemaker or ICD. Patients were enrolled 
from January 2013 to December 2014 and identified through CONCOR (CONgenital COR-
vitia), the ongoing Dutch national database of adults with CHD 21. Participating patients 
underwent a cardiac and cerebral MRI and abbreviated NPE and filled in a questionnaire 
on work and related items. The study protocol was approved by the institutional review 
board of the Academic Medical Centre in Amsterdam, the Netherlands. Written informed 
consent was obtained from all participants.

MRI
International guidelines on the use of MRI in adult CHD consider the use of cardiac MRI 
the method of choice for the assessment and follow-up of adults with (corrected) TOF 
22. For participating patients, a brain MRI was added to the standard cardiac MRI. Both 
MRIs were performed on a Philips 3.0 Tesla Ingenia MR scanner (Philips Medical Systems, 
Best, The Netherlands) with a 16 channel phased-array head coil. Three dimensional 
(3D) T1-weighted anatomic images were obtained, using a magnetization prepared rapid 
gradient echo (MPRAGE) sequence (resolution 1.1x1.1x1.2 mm3, TR/TE=6.8/3.1 ms). Fur-
thermore, 3D fluid attenuated inversion recovery (3D-FLAIR) scan was acquired (resolution 
1.0x1.0x1.12 mm3, TR/TE=4800/356 ms, TI=1650 ms). Volumetric analysis was based on 
the MPRAGE images and processed by FreeSurfer software (v.5.1.0, http://surfer.nmr.mgh.
harvard.edu/). The anatomic evaluations were performed by an experienced neuroradi-
ologist (CBLMM) and neurologist (ER) who were blinded to all patient characteristics. MR 
images were assessed by visual inspection to rate the quality and to identify malformations 
or tissue proliferation, signal intensity changes or volume loss in a standard manner in all 
available planes. Findings were categorized as white matter hyperintensities (WMH), cere-
bral infarcts or other pathologies. Presence of WMH was qualitatively rated by the experts. 
Furthermore, WMH volume was quantified by segmentation as previously described 23. 
Presence of WMH was defined as a volume load above the group’s median value in combi-
nation with a positive WMH score by the two independent experts. Because the presence 
of WMH strongly correlates to age and is hardly described before the age of 40 years, we 
also looked at the presence of WMH before the age of 40 years 24.
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Assessment of cognition
Various cognitive functions were evaluated through a set of neuropsychological tests. 
Verbal and non-verbal intelligence were estimated with the Dutch version of the National 
Adult Reading Test, WAIS-IV Similarities and WAIS-IV Matrix Reasoning, respectively. The 
following cognitive domains were investigated in more detail: attention and working 
memory (d2 Test of Attention, Stroop Test with word and colour conditions, Trail Making 
Test part A, WAIS-IV Digit-Symbol Substitution), memory (Rey Auditory Verbal Learning 
Test, immediate and delayed recall), executive functioning (Trail Making Test part B, 
Stroop Test Interference condition, Controlled Oral Word Association Test) and language 
(Category Fluency and WAIS-IV Similarities). Exploratively z-scores were also compared 
to a large group of controls collected in the ADNI network (Advanced Neuropsychological 
Diagnostics Infrastructure) 25. The Hospital Anxiety and Depression Scale (HADS) was 
used to detect depressive and anxiety symptoms, which could influence overall NPE per-
formance. Scores range from 0 to 21 with subscale scores of 8 or higher reflecting anxiety 
or disturbed mood symptomatology 26. Cognitive assessment was considered impaired 
when at least two tests within one domain showed z-scores ≤ 2 standard deviations (SD) 
or ≤ 1.5 SD in case the participant experienced subjective cognitive complaints.

Statistical analysis
Clinical characteristics and imaging findings by visual rating were compared using chi-
square statistics for dichotomous and categorical variables and Students unpaired t-test 
and Mann-Whitney U tests for continuous variables. The level of statistical significance 
was set at P≤0.05 and all reported p-values were two-tailed. Raw NPE scores were 
transformed into age-, sex- and education- corrected normative z–scores. Via Students 
unpaired one-sample t-tests these z-scores were compared to the population mean z-
scores of 0. Pearson and Spearman partial correlation coefficients were used to examine 
potential bias from depression as measured by the HADS score. The mean differences in 
parameters for cerebral damage, NPE and work limitations were plotted in a forest plot 
and tested for significance. Odds ratios (ORs) and 95% confidence intervals (CIs) were 
calculated using logistic regression. All statistical analyses were performed using SPSS 
statistical software for Windows (SPSS Inc., version 23, Chicago, IL, USA).

RESuLTS

Patient characteristics
In total, 155 patients were registered with TOF in CONCOR at the study site. As shown in 
Figure 1, 64 patients (41%) were not eligible due to exclusion criteria. Of the remaining 
91 eligible patients, 67 patients (median age 37, range 20–69 years, 51% female) were 
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included in the study. All patients underwent a cardiac MRI and participated in at least 2 
of the other tests (N=64, N=65, N=66 for MRI brain, NPE and questionnaire respectively; 
62 patients participated in all investigations). Characteristics of the study population 
are summarized in Table 1. Nonresponse analysis showed that respondents were more 
often women (51% versus 44%) and slightly older than non-respondents (median age 37 
versus 35 years), but the differences were not statistically significant. Cardiac MRI results 
can be found online in the supplemental table (e-Table 1).

inclusion
N = 67 (74%)

Exclusion
64 (41%)

PM/ICD [17]

claustrophobia [10]

chromosomal
disorders [19]

other [18]refusal [21]

no show [3]

Exclusion
24 (26%)

TOF 
N = 155

eligible
N = 91 

Figure 1. Patient selection flowchart.
Abbreviations: TOF = tetralogy of Fallot; PM/ICD = pacemaker or ICD.
Other: uncorrected TOF, pregnancy, language problem, important comorbidity.

Primary endpoints
Among all study participants, 33 patients (52%) showed cerebral damage on the MRI: 12 
(19%) showed signs of cerebral infarcts and 29 (45%) showed WMH (Table 2). WMH were 
equally present in men and women and were not linearly related to age, although median 
age in patients with WMH was significantly higher than in the group without (46 versus 
32 years, P<0.001). Median total WMH volume was 187 (IQR 91–516) mm3, with no dif-
ference between men and women. Higher total WMH volume was seen in patients with 
one or more cardiovascular risk factors (hypertension, smoking, hypercholesterolemia or 
diabetes); median WMH volume 321 (IQR 73–1173) mm3 versus 142 (IQR 92–318) mm3, 
although statistically not significant (P=0.12). In patients aged 40 years or younger (n=40), 
infarcts were seen in 4 (10%) and WMH in 10 patients (25%). Median WMH volume in this 
subgroup was 125 (IQR 85–222) mm3. Table 3 depicts that cerebral damage correlated 
with age; for each older year of age in the study, the chance of cerebral damage increased 
with 14%. Furthermore, patients with presence of cerebral damage were significantly 
older at the time of their first surgery (3.5 versus 1.6 years, OR 1.27, P=0.03) and surgical 
correction (8.9 versus 3.8 years, OR 1.14, P=0.01). In other words, for each year surgi-
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cal correction was later performed, 14% more cerebral damage was seen. Among the 
patients with cerebral infarcts, age at corrective surgery varied from 0 to 22 years.

Table 1. Characteristics of the study population (N=67).

Variable

Patient characteristics, n (%)
Female 34 (51)
Age, y (range) 37 (20–69)
NYHA class II/III 19 (28)
Reduced LVF (N/total, %) 15/65 (23)
Reduced RVF 8/65 (12)
Cardiovascular risk factors:
hypertension
hypercholesterolemia
diabetes
smoking
family history
atrial fibrillation/flutter

 
9 (13)
7 (10)
2 (3)

8 (12)
23 (34)
8 (12)

Occupational characteristics
Educational level:
lower (primary, lower occupational)
medium (medium secondary/occupational)
higher (higher secondary/occupational/university)

 
8 (12)

29 (45)
28 (43)

IQ (mean, ± SD, range) 97 (± 15), 57–132
Daily occupation:
employed
job seeking
sick leave
other (student, household, retired, unknown)

 
52 (78)

6 (9)
2 (3)

7 (10)
Days of work / wk according to contract (mean, ± SD) 4 (± 1)
Hrs of work / wk according to contract (mean, range) 31 (4–40)
Limitations at work# (n/total, %) 19/54 (35)
No limitations at work (n/total, %) 35/54 (65)

Surgical characteristics
Total number of cardiac surgeries, mean (± SD) 2.2 (± 0.9)
1 surgery
2 surgeries
≥ 3 surgeries

14 (21)
31 (46)
22 (33)

Prior palliative shunt before corrective surgery * 29 (43)
Age at corrective surgery, y (range) 3 (0–33)

Abbreviations: NYHA = New York Heart Association (functional class); LVF = left ventricular function; RVF 
= right ventricular function; SD = standard deviation.
# N = 54 (employed and sick leave)
* Blalock-Taussig, Potts or Waterston shunt.
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Table 2. Parameters for cerebral damage. (cerebral MRI, N=64 or NPE, N=65)

Variable

MRI results

Infarction, n (%)
lacunar
cortical

12 (19)
5
7

Other abnormalities*, n (%) 6 (10)

White Matter Hyperintensities (WMH)#

WMH, n (%) 29 (45)

WMH load, range 8–6207

WMH load, median (IQR) 187 (91–516)

WMH load, mean (± SD) 469 (± 960)

Limitations at Neuropsychological Examination (NPE)

attention, n (%) 2 (3)

memory 2 (3)

language 10 (15)

executive functioning 9 (14)

intelligence 2 (3)

> 1 domain 4 (6)

Abbreviations: SD = Standard Deviation; IQR = interquartile range.
* Other abnormalities include arachnoid cysts, old meningitis, corpus callosum dysgenesis, hypophysis 
adenoma.
# WMH presented in mm3 and defined as WMH volume above median and positively scored by two 
independent experts.

Twenty-one participants (32%) showed signs of impairment in at least one cognitive 
domain (Table 2). Five patients (8%) showed symptoms of an anxiety or mood disorder, 
but this did not seem to influence NPE results. Most impairments were in the language 
(N=10) and executive functioning domains (N=9). Four patients experienced impair-
ments in more than one domain. Patients scored significantly lower than expected on 
some, but not all tests in the attention and executive functioning domains and on overall 
intelligence. Exact NPE results can be found in supplemental e-Table 2. Estimated mean 
intelligence (expressed as Intelligence Quotient, IQ) was 97 (±15), ranging from 57 to 
132. The estimated IQ of 78% of patients was considered within the normal range (85 
to 115) with 11% scoring above and 11% below. Although several individual patients 
showed impairments, when the group data were compared to large comparable groups 
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in age, sex and education, patterns were similar, as shown in e-Figure 1. Cognitive impair-
ment was not related to cerebral damage on MRI. This is illustrated by two examples 
from study participants in Figure 2. Patients with and without cognitive impairment did 
not differ in any clinical variable (e-Table 2).

Table 3. Relation between signs of cerebral damage (infarction or WMH) on MRI (N=64) and clinical 
data.

  Cerebral Damage     
 
Variable 

 yes 
N = 33 

no 
N= 31 

         OR (95%CI) P-value 

        
Female  17 (52) 17 (53)  0.94 (0.35 to 2.48) 0.90 
Age, mean (±SD)  46 (±10) 31 (±11)  1.14 (1.07 to 1.21) <0.0001 
Reduced RVF  2 (6) 5 (17)  0.33 (0.06 to 1.87) 0.21 
Reduced LVF  9 (27) 5 (17)  1.87 (0.55 to 6.40) 0.32 
IQ  97 (±16) 97 (±10)  1.00 (0.97 to 1.04) 0.83 
Lower level of education  19 (58) 17 (55)  1.12 (0.42 to 3.00) 0.83 
Cardiac surgeries, mean  2.3 (±1.0) 2.2 (±0.9)  1.23 (0.72 to 2.09) 0.44 
Age at first cardiac surgery  3.5 (±3.3) 1.6 (±3.0)  1.27 (1.03 to 1.57) 0.03 
Age at first corrective surgery  8.9 (±7.7) 3.8 (±6.0)  1.14 (1.03 to 1.27) 0.01 
PVR  18 (55) 16 (50)  1.20 (0.45 to 3.18) 0.71 
Previous shunt  16 (48) 13 (41)  1.38 (0.52 to 3.67) 0.52 
Presence of CV risk factor*  10 (34) 8 (27)  1.45 (0.48 to 4.41) 0.52 
NPE limitations in ≥ 1 domains  9 (28) 10 (32)  0.82 (0.28 to 2.41) 0.72 
Experienced work limitations  8 (30) 11 (44)  0.54 (0.17 to 1.68) 0.28 
Unemployment  3 (10) 5 (19)  0.49 (0.11 to 2.28) 0.28 
        

0.1 1 10

Abbreviations: OR = odds ratio; 95% CI = 95% confidence interval; SD = standard deviation; RVF = right 
ventricle function; LVF = left ventricular function;
IQ = intelligence quotient; PVR = pulmonary valve replacement; NPE = neuropsychological examination.
* Presence of cardiovascular risk factor except family history.
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Figure 2. Example of two patients with extended findings at MRI but normal NPE and undisturbed job 
participation.

Secondary endpoints
Fifty-two patients (78%) were employed, working 4 days (±1) or 31 hours per week (range 
4–40) on average. Two were on current sick leave. Nineteen patients (37%) experienced 
limitations at work which they attributed directly to their cardiac condition. Eight (42%) 
of them showed some cognitive impairment, 8 (42%) had cerebral damage on MRI and 5 
(26%) showed both. Nine of the 19 patients who reported problems (47%) had been ab-
sent from work in the prior 3 months because of work-related problems, but also among 
patients without reported problems, 7 reported absence from work during the prior 3 
months due to their cardiac condition. Problems with concentration, decision-making 
and working with deadlines were most often reported. When comparing the patients 
who experienced limitations at work to those who did not, no differences regarding 
cerebral damage or cognitive functioning could be found (e-Table 3).

DISCuSSIOn

This is the largest cohort to date of adult patients with TOF in whom cerebral damage 
was investigated through imaging as well as cognitive assessment. Cerebral lesions were 
found in a large proportion of patients: 52% had cerebral abnormalities on MRI and in 
32% cognitive impairment was seen in at least one domain. Limitations at work – often 
even leading to work absence – were observed in one third of the patients. However, 
no relation could be found between cerebral damage, cognitive impairment and job 
participation.
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Comparing to other studies investigating cerebral damage in adults with TOF, we found 
a relatively high number of cerebral infarcts (19%). In a retrospective population based 
study of 2196 patients with TOF, an incidence of ‘only’ 2% cerebral infarcts was observed 
27. It is important to emphasize we found predominantly silent cerebral disease. Only 
1 out of the 12 patients with radiological signs of cerebral infarcts, had a neurological 
history of stroke. In the Rotterdam Study among 1015 healthy participants aged 60 or 
above (mean age 71 years), around 20% showed signs of subclinical cerebral infarcts. 
In the much younger cohort of the current study the prevalence of subclinical cerebral 
infarcts was about similar 28.

The mean total WMH volume in our population (469±960 mm3) was considerably 
higher than in the healthy controls in age-comparable cohorts described in the studies 
by Muhlau et al. (170±450 mm3) or Neema et al. (188±258 mm3) 24, 29. White matter 
lesions correlate strongly with age and are scarce under the age of 40 years in a healthy 
population 24. Therefore, we specifically explored the patients from our study cohort 
aged 40 years or younger, in which we observed significant WMH volume in 25% and 
infarcts in 10%. We found a median volume of 125 mm3 (IQR 85–222) in patients aged 
40 years or younger, whereas in a previous study no WMH were seen in persons under 
the age of 40 24.

The aetiology and significance of the cerebral infarcts and the presence of WMH in our 
population is unknown. Cerebral infarcts and white matter lesions among healthy older 
adults are associated with vascular disease. Previous population-based studies have 
shown a relation with cognitive decline 30-32. The presence of WMH in preterm infants 
is associated with early developmental delay 33. In older people most studies suggest 
an association between WMH and cognitive impairment, most commonly affecting the 
domains of attention, concentration, executive functioning and mental speed 31. The 
cerebral damage that was found through MRI in this study is intriguing, considering the 
fact that it was more than expected based on age, but did not seem to influence clinical 
outcomes. However, it has been anticipated that a threshold of at least 10.000 to 20.000 
mm3 in healthy elderly subjects is required for WM lesions to cause clinically meaningful 
cognitive decline 32. Total WMH load in our population was much lower with a maximum 
of 6000 mm3 and its clinical relevance yet remains unclear.

Not the number of surgeries but the age at which surgery took place seemed to be 
related to the occurrence of cerebral damage. Since age of first and corrective operation 
were the only factors we could identify that were related to cerebral damage, preceding 
cyanosis and surgery related damage in already susceptible brains may play a pivotal 
role. Due to our cross-sectional study design, data were only available from one time 
point in adulthood, which precludes a definite conclusion on the influence of cardiac 
surgery with respect to possible pre-existing lesions.
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In terms of cognitive outcomes, a number of patients performed less than expected 
on several tests, which was not related to the presence of cerebral damage as measured 
by MRI. Most NPE limitations were in the language and executive functioning domains, 
as can be expected from literature 2, 4. However, mean scores on the language tests were 
not below expected. Of the executive functioning tests, only the TMT-B and the colour 
naming condition of the Stroop test showed mean scores below the expected level. The 
number of cardiac surgeries is found to be a significant risk factor for worse outcomes in 
all domains at NPE in young children 34. We could not reproduce these findings.

In other chronic diseases such as Parkinson disease or sickle cell disease, cognitive 
impairment was associated with unemployment 35, 36. It appears that the high proportion 
of impaired job participation in this study needs to be explained by other factors than 
cerebral damage or cognitive impairment. It may have been at least partly related to 
the relatively high work load in terms of days and hours at work. Previous qualitative 
research in this field has given some insights into barriers and facilitating factors at work 
6. Barriers were mostly on physical labour and lack of opportunities for recovery, but in 
the present job participation did not seem to be particularly influenced by these factors.

Study limitations
There are limitations of this study that need to be addressed. The high prevalence of 
WMH may be partly related to the used definition. Specific reference data for WMH 
volume are lacking within this age group in current literature and our study design did 
not provide controls. In addition, most previous studies were performed on 1 or 1.5 Tesla 
MRI. The sensitivity ‒ and consequently the measured prevalence of lesions ‒ of brain 
FLAIR MRI scans at 3 Tesla is higher, and therefore our data were only compared to stud-
ies performed at 3 Tesla. Furthermore, there may have been a selection bias of relatively 
‘good’ participants, since the percentage of employed patients (78%) was slightly higher 
than generally described in TOF 5, 8, 9, and few patients were unemployed. This may have 
even underestimated our results. Unfortunately, this explorative study still lacks power to 
perform sub analyses. Our results encourage to conduct future larger studies, or pooling 
of data from multiple sites, to perform more specific subgroup analyses.

COnCLuSIOn

This study shows signs of cerebral damage measured by imaging as well as cognitive 
assessment in a relatively large cohort of adults with TOF. However, there was no relation 
with job participation. Our findings indicate that corrective surgery at earlier age leads to 
better cerebral outcome. Therefore, other factors to improve job participation in adults 
with TOF should not be overlooked and further investigated.
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SuPPLEMEnTAL DATA

Online Table 1. Cardiac MRI parameters from the study population.

Variable N=65

Left Ventricle
EDV (ml/m2)
ESV (ml/m2)
SV (ml/m2)
EF (%)

 
94 (± 21)
44 (± 13)
50 (± 10)
53 (± 5)

Right ventricle
EDV (ml/m2)
ESV (ml/m2)
SV (ml/m2)
EF (%)

 
108 (± 18)
55 (± 14)
53 (± 10)
49 (± 7)

PR (%)
no PR, N. (%)
mild PR
moderate PR
severe PR

23 (± 12)
22 (35)
21 (33)
18 (29)
2 (3)

no PS, N. (%)
mild PS
moderate PS
severe PS

45 (80)
4 (7)
6 (11)
1 (2)

residual VSD, N. (%) 5 (8)

Abbreviations: EDV = end diastolic volume; ESV = end systolic volume; SV = stroke volume; EF = ejection 
fraction; PR = pulmonary regurgitation; PS = pulmonary stenosis; VSD = ventricular septal defect.
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Online Table 2. Results of Neuropsychological Examination (N=65).

Cognitive domain Test z-score t-score P

Attention Trail Making Test (condition A ) -0.3 (1.2) -2.008 0.049

• D2 attention and concentration

relative accuracy 0.1 (1.2) 0.517 0.607

speed corrected for errors -0.4 (0.9) -3.391 0.001

concentration -0.5 (1.0) -3.595 <0.001

• WAIS-IV Digit Symbol Substitution -0.1 (1.0) -0.849 0.399

Memory Auditory-Verbal Learning Test (delayed reproduction) 0.1 (1.0) 1.134 0.261

Language Category Fluency: animals 0.0 (0.9) 0.178 0.860

occupations -0.1 (1.1) -1.037 0.303

Executive functioning Letter fluency (D-A-T) 0.2 (0.9) 1.460 0.149

Trail Making Test (part B) 0.3 (1.1) 2.001 0.050

Stroop Colour-Word test (colour naming) -0.4 (1.1) -2.875 0.006

colour-word interference -0.3 (1.0) -1.895 0.063

Intelligence Dutch Adult Reading Test estimated IQ 97.4 (13.5) -1.512 0.136

• WAIS-IV Matrices -0.4 (1.0) -3.248 0.002

• WAIS-IV Similarities -0.5 (1.0) -4.154 <0.001
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Online Figure 1. Individual test scores compared to data from the Advanced Neuropsychological Di-
agnostics Infrastructure. The green area indicates all scores between +2SD and -2SD and it shows both 
outliers above and below 2SD in several tests.
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Online Table 3. Relation between limitations in NPE (N = 65) and clinical data.
 

 
 
Variable 

 
limitations in  

≥ 1 NPE domain 
N = 21 

 
no limitations in  
≥ 1 NPE domain 

N = 44 

  
OR 

 
(95% CI) 

 
P- 

value 

       
Female 10 (48) 24 (55)  0.76 (0.27 to 2.15) 0.60 
Age, mean (±SD) 37 (±14) 39 (±12)  0.99 (0.95 to 1.03) 0.68 
Cerebral infarction (MRI) 4 (21) 8 (19)  1.17 (0.30 to 4.47) 0.82 
WMH, median load (IQR) 152 (66–726) 188 (98–516)  0.99 (0.96 to 1.02) 0.51 
Presence of cerebral damage on MRI 9 (47) 23 (52)  0.82 (0.28 to 2.41) 0.72 
Reduced RVF 4 (19) 4 (10)  2.18 (0.49 to 9.76) 0.31 
Reduced LVF 6 (29) 8 (19)  1.70 (0.50 to 5.76) 0.39 
IQ 94 (±14) 99 (±13)  0.97 (0.93 to 1.01) 0.13 
Lower level of education 16 (76) 22 (50)  3.20 (1.00 to 10.26) 0.05 
Cardiac surgeries, mean 1.9 (±0.7) 2.4 (±0.9)  0.45 (0.22 to 2.78) 0.68 
Age at first cardiac surgery 3.0 (±3.2) 2.6 (±3.4)  1.04 (0.89 to 1.22) 0.60 
Age at first corrective surgery 6.2 (±7.6) 6.5 (±7.3)  0.99 (0.92 to 1.07) 0.86 
PVR 9 (43) 26 (59)  0.52 (0.18 to 1.49) 0.22 
Previous shunt 6 (29) 22 (50)  0.40 (0.13 to 1.22) 0.11 
Experienced work limitations 8 (44) 11 (32)  1.67 (0.52 to 5.42) 0.39 
Unemployment 4 (21) 4 (10)  2.33 (0.51 to 10.59) 0.27 
       

 

 
0.1 1 10

Abbreviations: SD = Standard Deviation; RVF = right ventricle function; LVF = left ventricular function; 
IQ = intelligence quotient; PVR = pulmonic valve replacement; NPE = neuropsychological examination.

Online Table 4. Relation between limitations at work (N = 54) and clinical data.
 

 
 
Variable 

 
work 

limitations 
N = 19 

 
no work limitations 

N = 35 

          
OR 

 
(95%CI) 

 
P-value 

       
Female 10 (53) 15 (43)  1.48 (0.48 to 4.55) 0.49 
Age, mean (±SD) 38 (±12) 39 (±13)  0.99 (0.95 to 1.04) 0.76 
Cerebral infarction (MRI) 3 (16) 8 (25)  0.56 (0.13 to 2.45) 0.44 
WMH, median load (IQR) 103 (58–252) 232 (116–645)  0.96 (0.91 to 1.00) 0.07 
Presence of cerebral damage on MRI 8 (42) 19 (58)  0.54 (0.17 to 1.68) 0.28 
Reduced RVF 2 (12) 5 (14)  0.80 (0.14 to 4.62) 0.80 
Reduced LVF 3 (18) 9 (26)  0.62 (0.14 to 2.66) 0.52 
IQ 102 (±14) 96 (±14)  1.03 (0.99 to 1.08) 0.13 
Lower level of education 9 (47) 21 (62)  0.56 (0.18 to 1.73) 0.31 
Cardiac surgeries, mean 2.2 (±0.9) 2.3 (±0.9)  0.88 (0.47 to 1.66) 0.70 
Age at first cardiac surgery 2.2 (±2.1) 2.9 (±3.7)  0.92 (0.75 to 1.13) 0.42 
Age at first corrective surgery 5.6 (±5.1) 6.5 (±8.7)  0.98 (0.91 to 1.06) 0.68 
PVR 9 (47) 20 (57)  0.68 (0.22 to 2.07) 0.49 
Previous shunt 8 (42) 13 (37)  1.23 (0.39 to 3.85) 0.72 
NPE limitations in ≥ 1 domains 8 (42) 10 (30)  1.67 (0.52 to 5.42) 0.39 
       

 
0.1 1 10

Abbreviations: SD = Standard Deviation; RVF = right ventricle function; LVF = left ventricular function; 
IQ = intelligence quotient; PVR = pulmonic valve replacement; NPE = neuropsychological examination.
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AbSTRACT

background
A substantial number of adults with congenital heart disease (CHD) experiences restric-
tions in employment, insurability and mortgages. Little about this is known. We studied 
the presence of constraints in health, life and disability insurances and mortgages ap-
plications in adults with CHD.

Methods
Patients were randomly selected from five hospitals from CONCOR (N = 14.187), the 
Dutch national database of adults with CHD, and filled out a questionnaire including 
questions on demographic items (i.e., sex, age, educational, occupational and relational 
status) and on applications and potential constraints for a health, disability or life insur-
ance or mortgage. All data were analysed per CHD complexity and compared to results 
from a reference group.

Results
Of 406 randomly selected patients, 237 patients completed the questionnaire (response 
rate 58%). Median age was 41 (IQR 31-50) and 55% was female. Employment rates were 
significantly lower in patients with CHD compared to the reference group (65% versus 
88%, P=0.002). Insurance and mortgage application rates were significantly lower for all 
patients with CHD compared to the reference group, but did not differ among the dif-
ferent CHD severity groups except for life insurances. Functional NYHA classification and 
left ventricular (LV) ejection fraction were not associated with restrictions in insurance 
or mortgage applications. From only 38% of all CHD patients medical information was re-
quested; among patients with constraints this was the case in 70%. However, additional 
medical information did not lead to different outcomes in constraints.

Conclusions
This study shows that additional clinical information or favourable prognostic clinical 
factors in patients with CHD as mild CHD, normal NYHA class and preserved LV ejection 
fraction, do not protect against constraints in insurance applications. Adults with CHD 
still encounter more constraints than a reference group. Nowadays, accurate prognosti-
cation for most patients with CHD based on individual clinical information is possible, but 
there still seems to be an important gap between knowledge on CHD and transparency 
of insurance application processes.
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InTRODuCTIOn

Despite improved life expectancy and often few physical restrictions, a substantial 
number of adults with congenital heart disease (CHD) still experiences restrictions in 
daily life in the areas of employment, insurances and mortgages 1–4. Life expectancy of, 
for example, patients with Marfan syndrome has increased with more than 25% since 
1970 5. Although interest and insights in late survival of adults with CHD are increasing 
globally, including substantial scientific contributions from European countries and the 
Netherlands 6, difficulties with insurance applications do not seem to decrease 7. There-
fore, we studied the presence of constraints in health, life and disability insurances and 
mortgages applications in adults with CHD in comparison to a reference group 8.

METHODS

Data were derived from a questionnaire which was sent to a random selection of adults 
with CHD from five hospitals (i.e., two tertiary referral centres and three regional centres) 
participating in the Dutch nationwide CONgenital CORvitia (CONCOR) registry. CONCOR 
facilitates research on the course and outcome of adult CHD 9. Between 2001 and 2013, 
over 14000 adults with CHD were included in CONCOR after providing informed consent. 
Data collection for this study ran from June 2013 until September 2014. The question-
naire included information on demographic items (i.e., sex, age, educational, occupa-
tional and relational status) and on applications and potential constraints for a health, 
disability or life insurance or mortgage. Results were compared to those from a reference 
group, obtained from the personnel of the participating hospitals, several random com-
panies, administration organizations and people randomly passing by. Additional medical 
information on cardiac function, functional class and performance status was collected 
to search for clinical characteristics associated with constraints in the application. Under 
Dutch law, ethical approval for questionnaire studies is not required. 

Statistical analyses included the Chi-square test for categorical variables and the 
Mann–Whitney U test for continuous variables. All data were analysed per CHD severity 
(i.e., mild or moderate to severe).Multivariable logistic regression analyses were per-
formed adjusted for age, sex and socioeconomic status (i.e., educational and occupa-
tional attainment) and presented as odds ratios (ORs) with 95% confidence intervals (CI). 
Associations were considered significant if the 95% CI did not cover the value 1. The level 
of statistical significance was set at a p ≤ 0.05. Statistical analyses were conducted with 
the Statistical Package for the Social Sciences (SPSS, version 21.0, Inc., Chicago, IL, USA).
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RESuLTS

Of the 406 randomly selected patients, 237 patients completed the questionnaire 
(response rate 58%). Twenty patients refused to participate, 16 were unable to partici-
pate and 7 were lost to follow-up. The remaining 126 patients never responded to our 
call for participation. Nonresponse analysis showed that responders were more often 
women (55% versus 39%, P<0.001) and were older (median age 41 versus 36 years, 
P=0.012). However, CHD severity did not differ significantly between responders and 
non-responders (P=0.950). The main socio-demographic characteristics of the patients 
and the reference group and the distribution of the most frequent CHD diagnoses are 
outlined in Table 1. Employment rates were significantly lower in patients with CHD as 
compared to the reference group (65% versus 88%, P=0.002). Of all patients with CHD, 
40% had mild, 52% had moderate and 8% had severe CHD.

The results from the questions on insurance and mortgage applications are displayed 
in Table 2. Insurance and mortgage application rates were significantly lower for all pa-
tients with CHD compared to the reference group, but did not differ among the different 
CHD severity groups. Lower disability insurance rates among patients were most likely 
attributable to lower employment rates. In total, 38% of patients with CHD experienced 
constraints in any application versus only 9% in the reference group (P<0.001). Partici-
pants with and without constraints did not differ in age, sex, educational or employment 
status. Most constraints were encountered for patients with CHD in life insurance ap-
plications with significant differences in CHD severity. More specifically, patients with 
more severe CHD experienced more limitations (33% versus 56%, P=0.009), of whom the 
majority (56%) had to pay a higher premium. Twenty percent of patients were declined 
for a life insurance, 15% were eventually accepted and 9% found other solutions such as 
an adjusted sum assured.
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Table 1. Socio-demographic characteristics of the study population.

CHD group reference group p-value

N=237 N=179

Female sex, N (%) 131 (55) 106 (59) 0.421

Age, median (IQR), y 41 (31–50) 43 (32–54) 0.207

Personal situation, N (%):
in a relationship
divorced/single/unmarried/widowed
other/unknown

 
165 (70)
64 (27)

8 (3)

 
131 (73)
47 (26)

1 (1)

 
0.139

Education, N (%):
low (only primary school or other lower education)
higher (higher or academic education)

 
146 (63)
84 (37)

 
63 (35)

116 (65)

 
<0.001

Daily occupation, N (%):
employed
full-time paid job
part-time paid job
unemployed / job seeking
disabled
student / retired
homemaker
other

 
153 (65)
84 (55)
69 (45)

8 (3)
25 (11)
27 (11)
12 (5)
12 (5)

 
158 (88)
100 (63)
58 (37)

1 (1)
1 (1)

15 (8)
4 (2)

0

 
0.002

CHD distribution, N (%):
mild
moderate
severe

 
96 (40)

123 (52)
18 (8)

 
–
–
–

 
–

Distribution of defects, N (%):
repaired PDA / ASD / VSD
small PDA / ASD / VSD
TOF
CoA
pulmonary valve disease
isolated aortic valve disease
Marfan syndrome
TGA
Fontan / univentricular heart
Ebstein’s anomaly
AVSD
other

 
42 (18)
30 (13)
26 (11)
25 (10)
21 (9)

28 (12)
16 (7)
9 (4)
6 (2)
4 (2)
3 (1)

27 (11)

 
–
–
–
–
–
–
–
–
–
–
–
–

 
–

IQR = interquartile range; PDA = patent ductus arteriosus; ASD = atrial septal defect; VSD = ventricular 
septal defect; TOF = tetralogy of Fallot; CoA = aortic coarctation; TGA = transposition of great arteries; 
AVSD = atrioventricular septal defect.
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Table 2. Reported restrictions in insurance and mortgage application.

CHD REF p-value* p-value# adjusted OR$

mild moderate 
to severe

total

N=96 N=141 N=237 N=179 (95% CI)

Any problem

applied, N (%) 90 (94) 126 (89) 216 (91) 174 (97) 0.243 0.011

restrictions, N (%) 31 (34) 51 (40) 82 (38) 15 (9) 0.538 <0.001 8.3 (4.3–15.9)

Health insurance

applied, N (%) 86 (90) 111 (79) 197 (83) 170 (95) 0.036 <0.001

restrictions, N (%) 6 (7) 11 (10) 17 (9) 6 (4) 0.467 0.014 3.6 (1.3–9.9)

Disability insurance

applied, N (%) 40 (42) 45 (32) 85 (35) 108 (60) 0.145 <0.001

restrictions, N (%) 7 (18) 10 (22) 17 (20) 2 (2) 0.587 0.003 11.8 (2.4–58.5)

Life insurance

applied, N (%) 58 (60) 72 (51) 130 (55) 127 (71) 0.180 0.002

restrictions, N (%) 19 (33) 40 (56) 59 (45) 3 (2) 0.009 <0.001 47.7 (13.4–170.0)

Mortgage

applied, N (%) 64 (67) 76 (54) 139 (59) 131 (73) 0.054 0.006

restrictions, N (%) 14 (22) 18 (24) 32 (23) 4 (3) 0.800 <0.001 8.4 (2.8–25.5)

Abbreviations: CHD = congenital heart disease, REF = reference group, OR = odds ratio, CI = confidence 
interval.
* Comparison of different CHD severities. # Comparison of total patient group to reference group. 
$ adjusted for age, sex, application, education and job.

Of only 38% of all participating CHD patients medical information was requested from 
their treating physician. Among patients who had experienced limitations in the appli-
cation process, this was the case in 70%. Additional medical information did not lead 
to different outcomes or other patterns in constraints and CHD severity. Only 10% of 
all patients who experienced limitations contacted a CHD patient association or other 
institution for help or advice. The association of two clinical parameters, functional New 
York Heart Association (NYHA) classification and left ventricular (LV) ejection fraction, 
with restrictions in insurance or mortgage applications was studied in 163 patients. 
After adjustment for age, sex, type of cardiac defect, occupational and relational status, 
restrictions were not associated with clinical parameters.
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DISCuSSIOn AnD COnCLuSIOn

This study shows that favourable prognostic clinical factors in patients with CHD as mild 
defects, normal NYHA class and LV ejection fraction do not protect against constraints in 
insurance or mortgage applications. Despite the overall improved morbidity and prog-
nosis, adults with CHD encountered more limitations than a reference group from the 
general population 10. Providing clinical information was not associated with a reduction 
in constraints. Hence, clinical information did not seem to improve insight or transpar-
ency in the application process. Nowadays, accurate prognostication for most patients 
with CHD based on individual clinical information is possible 10, 11. We should continue to 
support patients in making sure essential medical information is provided and encourage 
insurance companies to base their decisions on clinical and epidemiological outcomes. 
In conclusion, there still seems to be an important gap between knowledge on CHD and 
transparency of the insurance application process. Applying for insurance shouldn’t be 
so uncertain.
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AbSTRACT

background
Increasing attention for long term outcomes of congenital heart disease (CHD) suggests 
that cancer incidence may be increased in children and adults with CHD. The objective 
of this study was to investigate cancer incidence in adults with CHD in comparison with 
the general population.

Methods
Adult CHD patients (N = 16,010, median age 33, IQR 22–47) included in the nationwide 
Dutch CONCOR registry between 2002 and 2016 were linked to the Netherlands Cancer 
Registry. Standardized Incidence Ratios (SIRs) were calculated comparing observed can-
cer incidence in adult CHD patients to cancer incidence rates in the general population.

Results
With 272 prior cancer diagnoses, 15,738 patients were cancer free at inclusion in CON-
COR. During a median follow-up of 8.4 (5.5–11.7) years, 426 patients developed cancer. 
Cancer was most seen in the breast and digestive organs. Overall cancer incidence was 
comparable to the general population (SIR 0.93, 95% CI 0.84–1.02). There were no dif-
ferences in cancer incidence compared to the general population with regards to sex, 
age category or type of cancer except for lung cancer incidence which was lower than 
expected (SIR 0.59, 95% CI 0.40–0.83). Also in severe CHD, often exposed to more medi-
cal radiation, cancer incidence was not increased.

Conclusions
Overall cancer incidence among adult survivors of CHD was not increased compared 
to the general population. Lung cancer incidence was decreased, possibly due to less 
smoking in the CHD population. Further research including cancer risk factors and longer 
follow-up needs to define cancer risk in specific groups.
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InTRODuCTIOn

Advances in diagnostic and therapeutic options for patients with congenital heart dis-
ease (CHD) have greatly improved long term prognosis with generally good quality of 
life 1, 2. Adults with CHD now live longer and are consequently at risk for other diseases 
3, 4. Clinical observations from daily adult CHD practice as well as previous studies sug-
gest a possible relation between CHD and the occurrence of cancer 5-8. However, lower 
cancer screening rates among adult women with CHD have been shown 9. Since most 
adults with CHD primarily rely on cardiologists for their medical care, often starting early 
and lasting a lifetime, more evidence on cancer incidence in CHD and awareness of the 
importance of screening is essential.

An increased cancer incidence in CHD could be expected given the presence of cer-
tain specific circumstances of CHD patients. Advanced investigations, procedures and 
treatment options in cardiology are often accompanied by an increased exposure to 
ionizing radiation, which is carcinogenic 10-15. Radiation exposure among CHD patients 
is often received (more than once) during childhood or puberty, the most sensitive 
time for harmful effects and often administered near sensitive localisations of the body 
11, 16. A recent review showed that there is no clear evidence that doses to organs in 
the field are yet decreasing due to technical advances or improved radiological protec-
tion 17. Haematological malignancies are the most well-known cancer type to be related 
to radiation and CHD 18. We also considered an increased breast cancer incidence due 
to the radiation exposure in this field and the fact that low parity, a known risk factor 
for breast cancer, is seen more often in CHD patients 19, 20. Other possible contributing 
factors besides radiation could be the long lasting use of medication or other harmful 
long term effects of treatment or the disease itself 21. Another mechanism could be an 
unfavourable genetic susceptibility. More and more is known on the genetic background 
of CHD 22, 23. Several well-known oncogenes like KRAS and BRAF are also found to be 
associated with syndromes that often involve CHD, for example Noonan syndrome, car-
diofaciocutaneous syndrome and Costello syndrome 23, 24. Patients with Down syndrome 
are known to have a predisposition to especially leukaemia 25. In contrast with all these 
risk factors are general healthier lifestyles that are seen among CHD patients compared 
to general population controls 19, 26 .

Preliminary analyses in cancer prevalence in CHD compared to the general population 
from our group did not reveal an increased 5-or 10-year cancer prevalence in the years 
2003 to 2015. The primary aim of this study was to establish the incidence of cancer in 
adult patients with CHD compared to the general population. Secondary aims were to 
investigate the distribution of the specific types of cancer that were seen and which CHD 
patients would be most at risk.
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METHODS

Study design and population
All CHD patients originated from CONCOR (CONgenital CORvitia), the ongoing Dutch 
national CHD registry database and DNA bank. This registry facilitates research into the 
aetiology and outcome of CHD in the Netherlands 27. Patients with CHD aged 18 years 
or older are recruited in tertiary and secondary medical centres and through national 
media. After obtaining informed consent, clinical data such as type of CHD, clinical events 
and procedures as well as patient and family history are obtained from medical records. 
Diagnosis are classified as mild, moderate or severe according to a pre-specified hierar-
chical scheme founded on a consensus-based classification of severity of diagnoses (28). 
CONCOR has previously been described in more detail 27. Inclusion started in January 
2002 and is still ongoing. Currently, over 16000 patients (aged 18–92 years at enrolment, 
median age 33, interquartile range (IQR) 22–47) are included from 107 Dutch hospitals, 
including all 8 tertiary referral centres from which the largest part of patients originate. 
The ethics review boards of all participating medical centres have approved CONCOR 
which complies with the Declaration of Helsinki.

Data from all patients included in CONCOR between January 1, 2002 and July 1, 2016 
(N=16010) were linked with the Netherlands Cancer Registry (NCR). The NCR has com-
plete data on the occurrence of cancer in the Dutch population, which currently counts 
approximately 17 million inhabitants. The NCR documents all newly diagnosed patients 
with cancer since 1989 and has incomplete data from before. The completeness of the 
NCR is estimated to be at least 95%. The NCR is notified about new cancer patients by the 
nationwide network and registry of histo- and cytopathology in the Netherlands (PALGA), 
to which all pathology departments submit all their reports on histological, cytological 
and autopsy examinations 29. Reporting is completed by yearly linkage with the Dutch 
registry of Hospital Discharge Diagnoses. Topography and morphology are coded ac-
cording to the International Classification of Diseases (ICD-10) for Oncology (ICD-O). In 
this study, cancer was defined as all ICD-O codes except for all C44 codes that were 
non-melanoma skin cancer (N=129 diagnoses in 58 patients), since these diagnoses were 
not completely obtained and clinical relevance is not clear. In situ malignancies (N=108 
in 104 patients, mainly breast, bladder and skin) were also excluded. Patients with an 
invasive cancer diagnosis prior to inclusion in CONCOR were excluded from all incidence 
analysis.

Statistical analyses
Continuous variables were presented as median with interquartile range (IQR) when not 
normally distributed. Accumulation of person time started from the date of inclusion in 
CONCOR and ended at the date of first invasive cancer diagnosis or the date of death and 
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otherwise at the end of follow up on July 1, 2016. We compared the observed number of 
cancer cases in the CHD population with the expected number of cancers based on sex-, 
age- and calendar period- specific cancer incidence rates in the Dutch general popula-
tion, accounting for person years of observation 30. Standardized Incidence Ratios (SIRs) 
were calculated by gender and severity of CHD with (attained) age as the timescale, using 
standard methods 31. 95% Confidence intervals (95% CI) were presented when appropri-
ate. Using age as the timescale, a patient under the age of 40 years added person-years 
during follow-up to the attained age category “<40 years”, to the attained age category 
“40–49 years” until reaching age 50 years, and to the attained age category “≥50 years” 
thereafter until patients were either censored (died or reached date of study closure) 
or developed cancer. Age categories were based on the available cohort and the cancer 
age distribution that was expected. Tests for homogeneity and trend in SIRs by attained 
age were performed within collapsed person-time Poisson regression models. The level 
of statistical significance was set at P≤0.05 and all reported p-values were two-tailed. All 
statistical analyses were performed using SPSS statistical software for Windows (SPSS 
Inc., version 23, Chicago, IL, USA) and STATA statistical software (STATA 13, StataCorp LP, 
College Station, Texas, USA).

RESuLTS

Prior cancer diagnosis
In total, 272 CHD patients were excluded due to a cancer diagnosis prior to inclusion in 
CONCOR, resulting in a study cohort of 15,738 patients. The excluded patients with prev-
alent cancer were significantly younger at the time of cancer diagnosis than the incident 
cases (52 years, IQR 38–63 versus 59 years, IQR 47–68, P<0.001). Patients with a history 
of cancer were also significantly older when included in CONCOR (prevalent cancer cases 
aged 61 years (IQR 46–69) versus incident cases aged 54 years (IQR 41–62) at CONCOR 
inclusion, P<0.001). Time between cancer diagnosis and inclusion in CONCOR for these 
patients ranged from 0 to 35 years (median 6 years, IQR 2–11). Most excluded patients 
(69%) were diagnosed with cancer in the 10 years prior to inclusion in CONCOR. Breast 
(25%) and haematological (16%) cancer were most frequent. Clinical characteristics of 
the excluded patients with prior cancer diagnoses are shown online in e-Table 1.

Patient characteristics and cancer incidence
Table 1 shows the clinical characteristics of the study cohort (N=15738). Median age at 
inclusion in CONCOR was 33 (IQR 22–47) years and 51% was female. During a median 
follow-up period of 8.4 (5.5–11.7) years, 426 patients were diagnosed with cancer. Me-
dian age at cancer diagnosis was 59 (47–68) years and median time from inclusion in 
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CONCOR to cancer diagnosis was 4.7 (2.5–7.5) years. Breast cancer occurred most often 
(43% of all cancer in women and 22% of all cancers), followed by cancer of the digestive 
organs in 18% of all cancers (22% of all cancer in men and 16% of all cancer in women). 
In men the digestive organs and prostate were most affected.

Table 1. Characteristics of the CHD cohort at baseline and of the incident cases.

baseline cohort incident cancer cases

Patients (N) 15738 426

Female sex, N. (%) 8009 (51%) 219 (51%)

Age at CONCOR inclusion, median (IQR), y 33 (22–47) 54 (41–62)

Follow-up time, median (IQR), years 8.4 (5.5–11.7) 4.7 (2.5–7.5)

Total follow-up time, years 130673

CHD severity (N, %)

mild 9072 (57) 266 (62)

moderate 5155 (33) 143 (34)

severe 1511 (10) 17 (4)

Distribution of cancer type (N, %)

breast – 94 (22)

digestive organs – 77 (18)

male genital – 55 (13)

skin (melanoma) – 38 (9)

haematological – 33 (8)

lung – 33 (8)

urinary tract – 24 (6)

female genital – 22 (5)

brain and central nervous system – 12 (2)

other – 38 (9)

Down syndrome (N, %) 496 (3) 5 (1)

In all patients with cancer below the age of 40 years (prevalent as well as incident cases), 
haematological malignancies were most common (21%), followed by breast (19%), skin 
(17%) and testicular cancer (10%). Among CHD patients who developed cancer at a 
relatively young age (below 40 years), more severe CHD (12% severe, 33% moderate, 
55% mild CHD) was seen compared to the older patients with cancer (only 3% severe, 
29% moderate, 68% mild CHD).

Overall cancer incidence was comparable to the general population (SIR 0.93, 95% CI 
0.84–1.02, Table 2). There were no differences in cancer incidence compared to the gen-
eral population with regard to sex or age category. In mild CHD, SIR was decreased (SIR 
0.87, 95% CI 0.77–0.98). Table 3 shows the different SIRs by cancer location according 
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to ICD-O codes and attained age. There were no increased or decreased SIRs except for 
lung cancer (N=33, SIR 0.59, 95%CI 0.40–0.83) and urinary tract cancer in the youngest 
age group where the total number of cancer cases was only 5 (N=5, SIR 5.68, 95% CI 
1.84–13.26). We found a similar cancer distribution as in the general population (32): 
breast, colorectal, prostate and lung cancer together accounted for exactly 50% of all 
cancer cases (N=213).

Table 2. Standardized cancer incidence ratios (SIRs) for all malignancies and solid tumours in CHD.

incident cases (N) SIR 95% CI p-trend

all malignant (C00-C96*) 426 0.93 0.84–1.02

men 207 0.96 0.83–1.09

women 219 0.90 0.79–1.03

CHD severity

mild 266 0.87 0.77–0.98 0.393

moderate 143 1.01 0.85–1.19

severe 17 0.81 0.47–1.30

attained age:

<40 y 51 0.96 0.72–1.27 0.161

40 – 49 y 78 1.11 0.88–1.39

≥50 y 297 0.86 0.77–0.97

solid tumours (C00-C80) 393 (92%) 0.92 0.83–1.01

men 189 0.94 0.81–1.09

women 204 0.89 0.77–1.02

attained age:

<40 y 46 1.01 0.74–1.35 0.820

40–49 y 73 1.13 0.89–1.42

≥ 50 y 274 0.86 0.76–0.97

* according to ICD-O codes
Abbreviations: SIR = standardized incidence ratio; CHD = congenital heart disease; CI = confidence in-
terval
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Table 3. Standardized cancer incidence ratios (SIRs) in CHD by cancer location according to ICD-O codes 
and attained age.

new cases (N) SIR 95% CI p-trend

Breast (C50) 94 1.03 0.83–1.26

<40 y 12 1.16 0.60–2.03 0.528

40 – 49 y 28 1.09 0.73–1.58

≥50 y 54 0.98 0.74–1.28

Digestive organs (C15-C26) 76 0.82 0.64–1.02

<40 y 4 1.11 0.30–2.85 0.094

40 – 49 y 12 1.36 0.70–2.37

≥50 y 60 0.74 0.57–0.96

Male genital (C60-C63) 55 0.99 0.75–1.29

<40 y 3 0.41 0.08–1.20 0.767

40 – 49 y 7 3.33 1.34–6.85

≥50 y 45 0.98 0.71–1.31

Skin - melanoma (C43) 39 1.23 0.88–1.69

<40 y 8 0.82 0.35–1.61 0.277

40 – 49 y 12 1.52 0.79–2.66

≥50 y 19 1.36 0.82–2.13

Haematological (C81-C96)* 33 0.87 0.60–1.23

<40 y 5 0.67 0.22–1.55 0.514

40 – 49 y 5 0.90 0.29–2.09

≥50 y 23 0.93 0.59–1.40

Lung and bronchus (C34) 33 0.59 0.40–0.83

<40 y 2 1.87 0.23–6.74 0.832

40 – 49 y - - -

≥50 y 31 0.63 0.43–0.89

Urinary tract (C64-C68) 23 0.92 0.59–1.39

<40 y 5 5.68 1.84–13.26 0.002

40 – 49 y 1 0.41 0.01–2.30

≥50 y 17 0.79 0.46–1.26

Female genital (C51-C58) 22 0.83 0.52–1.26

<40 y 4 0.93 0.25–2.39 0.767

40 – 49 y 4 0.88 0.24–2.24

≥50 y 14 0.80 0.44–1.34

Brain and CNS (C69-C72) 12 1.34 0.69–2.35

<40 y 1 0.44 0.01–2.45 0.155

40 – 49 y 2 1.19 0.14–4.29

≥50 y 9 1.81 0.83–3.43

Abbreviations: SIR = standardized incidence ratio; CHD = congenital heart disease; CI = confidence in-
terval
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DISCuSSIOn

The present study showed no increased cancer incidence in adult CHD patients compared 
to the general Dutch population. On the contrary, for lung cancer we found a decreased 
cancer incidence.

To date, as far as we know, only three other large clinical cohorts have investigated 
cancer in adult CHD and they all report increased cancer rates. Olsen et al reported an 
increased cancer incidence in a large Danish population-based CHD cohort of patients 
aged 0 to 31 years. They observed 53 cancer cases in 15,905 patients while 33 were 
expected (SIR 1.63, 95% CI 1.22–2.13) 7. However, the results were highly driven by the 
patients with Down syndrome. When they were excluded, cancer incidence was similar 
to the general population. In our study only 5 patients with Down syndrome (1.2%) devel-
oped cancer (breast, digestive and testicular), which did not influence the results. Similar 
to our study, the results of the Danish study showed no overall increased incidence of 
cancer in young CHD patients without Down syndrome.

In a nationwide population-based cohort study in Taiwan among mostly children with 
CHD (median age 3.5 years, IQR 0.2–19.7), Lee et al found an increased cancer incidence 
(SIR 1.45, 95% CI 1.25–1.67) 6. Risk factors for cancer in their cohort were a history of 
catheterization and CT scan. In our adult CHD cohort, we did not find this increased 
cancer incidence. These contrasting findings suggest that either the damage from the 
increased radiation exposure had already happened or the increased radiation exposure 
might be outweighed by a healthier lifestyle in our adult CHD population 19.

Cancer prevalence was investigated in the Québec CHD database. In 34965 CHD pa-
tients aged 20 years or older, 1156 patients were diagnosed with cancer between 1995 
and 2005, resulting in a 1.6 to 2 times higher cancer prevalence compared to cancer 
population data from other provinces5. These results are in line with the results of the 
study from Taiwan, although cancer prevalence instead of incidence was shown. Several 
factors could explain our different results. First, part of the cancer diagnoses they found 
were diagnosed in childhood. Second, the use of administrative data for the cancer case 
finding in the Québec CHD database is likely to be less accurate than the cancer cases 
based on histopathological diagnoses through our PALGRA system. With the linkage of 
the clinical CHD data in CONCOR to the complete and accurate histopathological PALGRA-
registry with precise data, it is unlikely that cancer cases in our study have been missed 
or over- or underdiagnosed.

Unfortunately, data on cancer risk factors (such as smoking, use of alcohol, obesity, 
diet, pregnancy, breastfeeding and parity) nor radiation exposure were available. How-
ever, in previous studies from our cohort, a healthier life style including less smoking 
and alcohol consumption in CHD patients compared to the general Dutch population 
was found 19. Other studies showed similar behaviour patterns among patients with CHD 
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26, 33. Less smoking among CHD patients could also explain the decreased lung cancer 
incidence in our study. Although there is a risk of lung cancer from thoracic radiation, this 
effect is outweighed by less smoking 34. A healthier lifestyle might also be the explanation 
for our finding of a slight decreased cancer incidence in CHD patients with mild disease. 
Increased surveillance of CHD patients may also lead to more early pre-cancer diagnoses.

Unexpectedly, we did not find an increased risk for haematological and breast cancer. 
However, in the Taiwanese cohort of mainly children, there was an increased risk of hae-
matological cancers. Haematological cancers, which are relatively frequent in childhood 
may already occur up to 5 years after radiation exposure and may have been missed 
in this adult cohort. Since CONCOR is an adult registry, most ‘childhood cancer’ (i.e. 
leukaemias, brain and central nervous system and testicular cancers) occurred before 
inclusion. Those patients were excluded from this study or this may have even prevented 
them from inclusion in CONCOR at all. However, as far as we know, there are no data 
suggesting a higher cancer related mortality in children with CHD. From previous studies 
we know that the main cause of death in children as well as in adults with CHD remains 
cardiovascular 35.

STREnGTHS AnD LIMITATIOnS

In this study cancer incidence was obtained for a relatively large cohort of adult CHD 
patients through linkage with the long-standing high-quality Netherlands Cancer Regis-
try. Accurate case finding through histopathological diagnoses identified a total of 426 
cancer cases. Since data on radiation exposure were not available, sub analyses on CHD 
type may have provided more insight into the relation between radiation and cancer 
incidence in adults with CHD. However, because cancer incidence at the relatively young 
age when most CHD patients are included in CONCOR is still low, number of cancer cases 
were insufficient to investigate cancer rates per CHD type.

CONCOR is an overall representation of adults with CHD in the Netherlands and there-
fore suffers from selection or survival bias. Patients are only included in CONCOR from 
the age of 18 years or older. However, most missing patients are those with mild disease 
and limited treatment and follow-up 36. The older CONCOR participants may reflect the 
relatively healthiest part of CHD patients in this age group. This could have led to an 
underestimation of cancer. The lower incidence of lung cancer we observed could also at 
least partly be due to this survival bias or left truncation.
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COnCLuSIOn

In this real time adult CHD population, our findings suggest an overall cancer incidence 
similar to the general population. The incidence of lung cancer was even lower than ex-
pected. Whereas our findings in adults are reassuring, we believe further research in this 
field is needed. Paediatric CHD patients, patients with CHD as part of certain syndromes 
and patients with (often severe) CHD who have undergone frequent diagnostic and 
therapeutic procedures may be at risk for the development of cancer. Even though new 
techniques will hopefully further reduce radiation exposure, awareness of its clinically 
relevance and initiatives to investigate long term effects are necessary and growing 37.



Chapter 9

148

REFEREnCES

 1. Baumgartner H, Bonhoeffer P, De Groot NM, de Haan F, Deanfield JE, Galie N, Gatzoulis MA, Gohlke-
Baerwolf C, Kaemmerer H, Kilner P, Meijboom F, Mulder BJ, Oechslin E, Oliver JM, Serraf A, Szatmari A, 
Thaulow E, Vouhe PR, Walma E, Task Force on the Management of Grown-up Congenital Heart Disease 
of the European Society of Cardiology, Association for European Paediatric Cardiology and Guidelines 
ESC. ESC Guidelines for the management of grown-up congenital heart disease (new version 2010). Eur 
Heart J. 2010;31:2915-2957.

 2. Apers S, Kovacs AH, Luyckx K, Thomet C, Budts W, Enomoto J, Sluman MA, Wang JK, Jackson JL, Khairy 
P, Cook SC, Chidambarathanu S, Alday L, Eriksen K, Dellborg M, Berghammer M, Mattsson E, Mackie 
AS, Menahem S, Caruana M, Veldtman G, Soufi A, Romfh AW, White K, Callus E, Kutty S, Fieuws S and 
Moons P. Quality of life of adults with congenital heart disease in 15 countries: evaluating country-
specific characteristics. J Am Coll Cardiol. 2016;67:2237-2245.

 3. Marelli AJ, Ionescu-Ittu R, Mackie AS, Guo L, Dendukuri N and Kaouache M. Lifetime prevalence of 
congenital heart disease in the general population from 2000 to 2010. Circulation. 2014;130:749-756.

 4. Khairy P, Ionescu-Ittu R, Mackie AS, Abrahamowicz M, Pilote L and Marelli AJ. Changing mortality in 
congenital heart disease. J Am Coll Cardiol. 2010;56:1149-1157.

 5. Gurvitz M, Ionescu-Ittu R, Guo L, Eisenberg MJ, Abrahamowicz M, Pilote L and Marelli AJ. Prevalence 
of cancer in adults with congenital heart disease compared with the general population. Am J Cardiol. 
2016;118:1742-1750.

 6. Lee YS, Chen YT, Jeng MJ, Tsao PC, Yen HJ, Lee PC, Li SY, Liu CJ, Chen TJ, Chou P and Soong WJ. The risk 
of cancer in patients with congenital heart disease: a nationwide population-based cohort study in 
Taiwan. PLoS One. 2015;10:e0116844.

 7. Olsen M, Garne E, Svaerke C, Sondergaard L, Nissen H, Andersen HO, Hjortdal VE, Johnsen SP and 
Videbæk J. Cancer risk among patients with congenital heart defects: a nationwide follow-up study. 
Cardiol Young. 2014;24:40-46.

 8. Johnson JN, Hornik CP, Li JS, Benjamin DK, Jr., Yoshizumi TT, Reiman RE, Frush DP and Hill KD. Cumulative 
radiation exposure and cancer risk estimation in children with heart disease. Circulation. 2014;130:161-
167.

 9. Christman MP, Castro-Zarraga M, Defaria Yeh D, Liberthson RR and Bhatt AB. Adequacy of cancer 
screening in adult women with congenital heart disease. ISRN Cardiol. 2013:827696.

 10. Picano E and Vano E. The radiation issue in cardiology: the time for action is now. Cardiovascular 
ultrasound. 2011;9:35.

 11. Picano E, Vañó E, Rehani MM, Cuocolo A, Mont L, Bodi V,Bar O, Maccia C, Pierard L, Sicari R, Plein S, 
Mahrholdt H, Lancellotti P, Knuuti J, Heidbuchel H, Di Mario C and Badano LP. The appropriate and justi-
fied use of medical radiation in cardiovascular imaging: a position document of the ESC Associations of 
Cardiovascular Imaging, Percutaneous Cardiovascular Interventions and Electrophysiology. Eur Heart J. 
2014;35:665-672.

 12. Hoffmann A, Engelfriet P and Mulder BJ. Radiation exposure during follow-up of adults with congenital 
heart disease. Int J Cardiol. 2007;118:151-153.

 13. Downing TE, McDonnell A, Zhu X, Dori Y, Gillespie MJ, Rome JJ and Glatz AC. Cumulative medical radia-
tion exposure throughout staged palliation of single ventricle congenital heart disease. Pediatr Cardiol. 
2015;36:190-195.

 14. Richardson DB, Cardis E, Daniels RD, Gillies M, O’Hagan JA, Hamra GB, Haylock R, Laurier D, Leuraud 
K, Moissonnier M, Schubauer-Berigan MK, Thierry-Chef I and Kesminiene A. Risk of cancer from oc-



Cancer in CHD

149

9

cupational exposure to ionising radiation: retrospective cohort study of workers in France, the United 
Kingdom, and the United States (INWORKS). BMJ. 2015;351:h5359.

 15. Ait-Ali L, Andreassi MG, Foffa I, Spadoni I, Vano E and Picano E. Cumulative patient effective dose and 
acute radiation-induced chromosomal DNA damage in children with congenital heart disease. Heart. 
2010;96:269-274.

 16. Dorfman AL, Fazel R, Einstein AJ, Applegate KE, Krumholz HM, Wang Y, Christodoulou E, Chen J, San-
chez R and Nallamothu BK. Use of medical imaging procedures with ionizing radiation in children: a 
population-based study. Arch Pediatr Adolesc Med. 2011;165:458-464.

 17. Harbron RW, Dreuil S, Bernier MO, Pearce MS, Thierry-Chef I, Chapple CL and Baysson H. Patient radia-
tion doses in paediatric interventional cardiology procedures: a review. J Radiol Prot. 2016;36:R131-
R44.

 18. Leuraud K, Richardson DB, Cardis E, Daniels RD, Gillies M, O’Hagan JA and Hamra GB, Haylock R, Laurier 
D, Moissonnier M, Schubauer-Berigan MK, Thierry-Chef I, Kesminiene A. Ionising radiation and risk 
of death from leukaemia and lymphoma in radiation-monitored workers (INWORKS): an international 
cohort study. Lancet Haematol. 2015;2:e276-81.

 19. Zomer AC, Vaartjes I, Uiterwaal CS, van der Velde ET, Sieswerda GJ, Wajon EM, Plomp K, van Bergen 
PF, Verheugt CL, Krivka E, de Vries CJ, Lok DJ, Grobbee DE and Mulder BJ. Social burden and lifestyle in 
adults with congenital heart disease. Am J Car. 2012;109:1657-1663.

 20. Ewertz M, Duffy SW, Adami HO, Kvåle G, Lund E, Meirik O and Mellemgaard A, Soini I and Tulinius H. Age 
at first birth, parity and risk of breast cancer: a meta-analysis of 8 studies from the Nordic countries. Int 
J Cancer. 1990;46:597-603.

 21. Moffett BS, Mattamal R, Ocampo EC and Petit CJ. Impact of pharmacotherapy on interstage outcomes 
in single ventricle infants. Congenit Heart Dis. 2011;6:286-293.

 22. Pierpont ME, Basson CT, Benson DW, Jr., Gelb BD, Giglia TM, Goldmuntz E, McGee G, Sable CA, 
Srivastava D and Webb CL. Genetic basis for congenital heart defects: current knowledge: a scientific 
statement from the American Heart Association Congenital Cardiac Defects Committee, Council on 
Cardiovascular Disease in the Young: endorsed by the American Academy of Pediatrics. Circulation. 
2007;115:3015-3038.

 23. Wessels MW and Willems PJ. Genetic factors in non-syndromic congenital heart malformations. Clinical 
genetics. 2010;78:103-123.

 24. Jongmans MC, van der Burgt I, Hoogerbrugge PM, Noordam K, Yntema HG, Nillesen WM, Kuiper RP, 
Ligtenberg MJ, van Kessel AG, van Krieken JH, Kiemeney LA and Hoogerbrugge N. Cancer risk in patients 
with Noonan syndrome carrying a PTPN11 mutation. Eur J Hum Genet. 2011;19:870-874.

 25. Hasle H. Pattern of malignant disorders in individuals with Down’s syndrome. Lancet Oncol. 2001;2:429-
436.

 26. Moons P, Van Deyk K, Dedroog D, Troost E and Budts W. Prevalence of cardiovascular risk factors in 
adults with congenital heart disease. Eur J Cardiovasc Prev Rehabil. 2006;13:612-616.

 27. van der Velde ET, Vriend JW, Mannens MM, Uiterwaal CS, Brand R and Mulder BJ. CONCOR, an initiative 
towards a national registry and DNA-bank of patients with congenital heart disease in the Netherlands: 
rationale, design, and first results. Eur J Epidemiol. 2005;20:549-557.

 28. Warnes CA, Liberthson R, Danielson GK, Dore A, Harris L, Hoffman JI, Somerville J, Williams RG and 
Webb GD. Task force 1: the changing profile of congenital heart disease in adult life. J Am Coll Cardiol. 
2001;37(5):1170-5.

 29. Casparie M, Tiebosch AT, Burger G, Blauwgeers H, van de Pol A, van Krieken JH and Meijer GA. Pathology 
databanking and biobanking in The Netherlands, a central role for PALGA, the nationwide histopathol-
ogy and cytopathology data network and archive. Cell Oncol. 2007;29:19-24.



Chapter 9

150

 30. http://www.cijfersoverkanker.nl/?language=en.
 31. Breslow NE and Day NE. Statistical Methods in Cancer Research: Volume II - The Design and Analysis of 

Cohort Studies. Lyon, France: IARC Scientific Publications; 1987.
 32. Wei EK, Wolin KY and Colditz GA. Time course of risk factors in cancer etiology and progression. J Clin 

Oncol. 2010;28:4052-4057.
 33. Engelfriet PM, Drenthen W, Pieper PG, Tijssen JG, Yap SC, Boersma E and Mulder BJ. Smoking and its 

effects on mortality in adults with congenital heart disease. Int J Cardiol. 2008;127:93-97.
 34. Rachet B, Siemiatycki J, Abrahamowicz M and Leffondré K. A flexible modeling approach to estimating 

the component effects of smoking behavior on lung cancer. J Clin Epidemiol. 2004;57:1076-1085.
 35. Verheugt CL, Uiterwaal CS, van der Velde ET, Meijboom FJ, Pieper PG, van Dijk AP, Vliegen HW, Grobbee 

DE and Mulder BJ. Mortality in adult congenital heart disease. Eur Heart J. 2010;31:1220-1229.
 36. Winter MM, Mulder BJ and van der Velde ET. Letter by Winter et al regarding article, “Children and 

adults with congenital heart disease lost to follow-up: who and when?”. Circulation. 2010;121:e252; 
author reply e3.

 37. Baysson H, Nkoumazok B, Barnaoui S, Réhel JL, Girodon B, Milani G, Boudjemline Y, Bonnet D, Laurier D 
and Bernier MO. Follow-up of children exposed to ionising radiation from cardiac catheterisation: the 
Coccinelle study. Radiat Prot Dosimetry. 2015;165:13-16.



Cancer in CHD

151

9

SuPPLEMEnTAL DATA

Online Table 1. Characteristics of the CHD patients with cancer diagnosis before inclusion in CONCOR.

N = 272

Female sex, N. (%) 147 (54)

Age at CONCOR inclusion, median (IQR), y 61 (46–69)

Age at cancer diagnosis, median (IQR), y 52 (38–63)

Severe CHD, N. (%) 14 (5)

Distribution of cancer type (N, %)

breast 68 (25)

haematological 43 (16)

digestive organs 36 (13)

prostate 32 (12)

skin (melanoma) 31 (11)

gynaecological 13 (5)

urinary tract 10 (4)

male genital 10 (4)

lung 5 (2)

other 24 (8)

Down syndrome (N, %) 6 (2)

Abbreviations: CHD = congenital heart disease; IQR = interquartile range.
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General discussion and 
future perspectives



The studies described in this thesis were undertaken to increase our insight in how CHD 
influences socio-economic aspects in adult life and how this can be improved.

EMPLOyMEnT AnD EDuCATIOn

Employment in adults with congenital heart disease (CHD) was investigated in several 
ways. With the help of in-depth interviews and different questionnaires, we identified 
different occupational challenges faced by adults with CHD in daily life. Patterns in job 
participation for men and women were assessed in adults with CHD and the general 
population in a sub study of the study of Zomer et al 1. Furthermore, we studied different 
aspects of employment including work ability and limitations at work in the Assessment 
of Patterns of Patient-Reported Outcomes in Adults with Congenital Heart disease (AP-
PROACH) – International Study (IS) and the COgnition in COngenital heart disease (COCO) 
study.

Although the majority of adults with CHD is working, employment rates often differ 
from the general population and are generally lower. This appears to be influenced by 
disease-specific aspects such as CHD severity and comorbidity, patient-specific aspects 
such as performance status, educational level, sex or age and country-specific aspects 
such as health care and social security structure. Limitations at work are often reported. 
Although risk factors for unemployment and limitations at work are often similar to those 
in other chronic diseases, certain CHD-specific limitations are also mentioned. Examples 
are progressive symptoms in extreme weather, telling (or not telling) the employer about 
the CHD and hiding (or not hiding) visual signs of the CHD.

In the Netherlands, currently around 70% of adults with CHD is employed 1, 2. This is 
lower than in the general population. We found employment rates varying from 66% in 
our random sample from CONCOR for the insurance study to 71% among Dutch partici-
pants of APPROACH-IS (N=254). Five years before, Zomer et al. found an employment 
rate of 66% in adults with CHD (N=1496) 1. Compared to the general Dutch population, 
all the employment rates we found for adults with CHD in the Netherlands are reduced, 
although the difference varies in magnitude. In an effort to exclude selection bias from 
different reference groups, we also compared the employment rates in adult CHD pa-
tients to data from Eurostat, the statistical office of the European Union. Eurostat reports 
employment rates of 77% in 2010 and 75% in 2014 in the age group 20–64 year 3.

Only a few countries have reported similar or even higher levels of employment among 
CHD patients. What could be the recipe to their success? A Finnish study found compa-
rable educational levels and employment levels even higher than expected among adult 
CHD survivors 4. In this study, only patients with cyanotic defects were less likely to obtain 
a university degree. As an explanation for the high employment rate, the authors refer 
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to the high value CHD patients attributed to work as described by Horner at al. from 
qualitative data 5. It remains unclear why these findings among American patients would 
only apply to these specific patients. Ternestedt et al. followed patients with tetralogy 
of Fallot (TOF) and atrial septal defect (ASD) up to 30 years after surgery and found 
educational levels higher than the Swedish general population 6. At follow-up, almost 
everyone was successfully employed. The authors explain their positive results by refer-
ring to CHD patients as ‘high achievers’. Although not confirmed by all results from the 
neuropsychological examination in our COCO study, some of our results (on the Stroop 
and TMT-A test) supported this ‘high achievers’ pattern. However, this coping strategy is 
undoubtedly not used by all CHD patients.

Caruana et al. found similar education and employment rates in ACHD patients com-
pared to the general population in Malta. They also found a significantly higher number 
of male CHD patients with higher-skilled jobs than in the general population 7. The expla-
nation proposed by the authors is that Maltese men are generally more often involved 
in lower-skilled jobs, and that CHD patients have probably been encouraged to pursue 
a less physical job, which often needs higher education. In both our qualitative study as 
the study from Sparacino et al., patients repeatedly addressed the subject of how their 
CHD had influenced their parent’s educational advice. Some parents supported a higher 
education because of the physically less strenuous future jobs, other parents emphasized 
less on good education because of the CHD and sometimes uncertain future 8, 9.

One could state that our COCO study, a study on cerebral damage and employment, 
would attract patients with working problems. However, even in the APPROACH-IS, 
where patients did not expect questions on work, the same high proportion of patients 
with limitations at work was found. In both studies, with a majority of employed patients, 
limitations at work were reported by approximately one third of patients. In our qualita-
tive study, limitations were mentioned by almost all patients. These limitations were not 
without consequences. Half of the patients who experienced limitations had been absent 
from work in the prior 3 months because of work-related problems. Even among patients 
without reported limitations, several patients reported absence from work during the 
prior 3 months due to their cardiac condition.

APPROACH-IS also showed that unemployment was associated with lower QOL. Dif-
ferences in QOL (measured by the LAS, a linear analogue scale ranging from 0 to 10) 
between employed and unemployed patients per country are shown in Figure 1. Only 
in India and Taiwan, no difference in QOL was seen among employed or unemployed 
patients. The largest effect from employment on QOL was seen in Belgium and Sweden.
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Figure 1. Mean diff erence in QOL (expressed by LAS) between employed and unemployed CHD pati ents 

Abbreviati ons: QOL = quality of life; LAS =  linear analogue scale; CHD = congenital heart 
disease

PRICES TO PAy FOR IMPROvED SuRvIvAL

Cerebral damage
Cerebral damage could be a possible explanati on for the unemployment and limitati ons 
at work observed in adult CHD. Pati ents with CHD are at increased risk for developmental 
disorders 10. This could be caused by several factors, associated with either the CHD or 
treatment itself or more environmental circumstances. Especially cyanoti c defects and 
defects requiring multi ple surgeries, seem to be at risk for cerebral damage 11. Although 
cerebral damage has frequently been reported in new-borns and children, litt le about 
this is known in adults. Furthermore, cerebral damage is oft en measured by structural 
imaging as MRI or by cogniti ve assessment (NPE). We studied cerebral damage through 
both measurements in adults with corrected tetralogy of Fallot (TOF), the most com-
mon cyanoti c CHD. Although a large part of pati ents showed signs of cerebral damage 
and a large part of pati ents experienced limitati ons at work, there were no connecti ons 
between the three, as shown in Figure 2.
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relati onships.

Cerebral infarcts were seen in 12 of 64 pati ents (19%). These were predominantly silent 
infarcts, considering only 1 of those pati ents had a neurological history. Besides this, 
white matt er hyperintensiti es (WMH) were seen in 29 pati ents (45%). The clinical rel-
evance of the fi ndings we call ‘damage’, is not clear. In fact, we show with the lack of a 
neurological history and no relati on with neuropsychological or occupati onal outcomes 
at all, that at this ti me, damage seems limited to scienti fi c observati ons. Our major limita-
ti on was the lack of an age-related reference group. To our knowledge, the prevalence of 
WMH in this age group is unknown, especially when measured on a sensiti ve 3-Tesla MRI 
scanner. However, according to several clinical experts, WMH and infarcts are generally 
not seen in this age group.

Cerebral damage was related to age and age of correcti ve surgery. Pati ents with cere-
bral damage were signifi cantly older at the ti me of their fi rst surgery. More important, 
for each year older when considered surgically corrected, 14% more cerebral damage 
was seen. Nowadays, primary repair of TOF at young age (between 6 and 18 months) 
is common practi ce 12, 13. This study supports studies that are in favour of early surgery 
regarding cerebral outcome. Although we found no indicati on that this cerebral damage 
had any clinical or occupati onal relevance, with the current younger ages of correcti ve 
surgery, we expect less cerebral damage. Furthermore, higher educati onal levels are also 
described among TOF pati ents that have been operated at lower ages 4, 6.
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Cancer risk
Clinical observations from daily practice suggest an increased cancer risk in CHD, partly 
supported by three other studies in this field 14-16. We did not find an increased cancer 
incidence in adults with CHD. In the other studies on cancer and CHD, only one study 
found an increased cancer incidence, but this was mainly in children with CHD 14. The 
increased cancer incidence in the other study was driven by Down syndrome and disap-
peared when they were excluded 15. Another recent study reported an increased cancer 
prevalence in Canada compared to the general population 16. Our results suggest that 
the earlier reported increased incidence could be mainly a problem among children with 
CHD, that cancer risk factors are much more favourable in adults with CHD or that we 
have underestimated cancer incidence in our cohort due to left censoring.

Favourably, most studies show healthier lifestyles of CHD patients compared to 
controls, most notably less smoking in adults with CHD, which causes a substantial part 
of cancers 1, 17, 18. Unfavourably, most patients with CHD receive considerable doses of 
ionizing radiation 19-23. It is often received during childhood, the most sensitive time to 
harmful effects and often at sensitive localisations at the body 20, 23-27. Although radiation 
doses for specific procedures have decreased over the years, the use and frequency of 
examinations using radiation is still increasing as well as the amount of interventional 
therapeutic catheter procedures, the latter often resulting in even more radiation ex-
posure. However, to show an effect on cancer risk, patients (including their risk factors) 
have to be followed for long periods of time. Also, large groups are needed since cancer 
incidence at these young ages is low. Given the different methods and low cancer inci-
dence in these age groups, we already did an effort to combine data from CONCOR and 
other CHD cohorts in an international study. Unfortunately, because of the different ways 
the CHD cohorts were composed and cancer data were acquired, so far this has not led 
to a uniform database. We have learned that ideally, future research of cancer incidence 
in CHD should include data on lifestyle and other cancer risk factors, preferably including 
information on radiation exposure. With the recent launch of KinCOR, the Dutch national 
registry for children with CHD, these limitations will hopefully be overcome in the future 
28.

Quality of Life (QOL)
An important subject in ‘prices to pay for improved survival’ is QOL. APPROACH-IS showed 
that worldwide, QOL in adults with CHD is generally good. There was no reference group, 
but when results for the Netherlands were compared with general population data from 
Statistics Netherlands (CBS), QOL appeared to be even higher in adults with CHD (LAS 8.0 
in adults with CHD versus 7.8 for the general population) 29. The average score for QOL 
in Europe was 7.1.
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FuTuRE PLAnS TO IMPROvE EDuCATIOn AnD EMPLOyMEnT In ADuLT CHD

What could lower the risk of unemployment and work limitations? The observations of 
lower employment rates and frequent limitations at work, encouraged to think of pos-
sible solutions. Advice on education and career should be given more often. Crossland et 
al. showed it improves employability 30. However, advice should be useful and therefore 
be given by someone experienced in CHD as well as job coaching.

Although cardiac rehabilitation programs are well known and established in other 
cardiac diseases 31, this type of interventional programs in adult CHD patients are still not 
implemented in daily practise. A specific program that focuses on improving occupational 
outcomes is, as far we know, lacking at all. However, the integrated multidisciplinary ap-
proach of a cardiac rehabilitation program might be highly suitable.

In other chronic somatic diseases, self-management programmes led by a professional 
trainer and a trained patient suggest to promote self-care, improve patients’ self-efficacy, 
self-reported health, cognitive symptom management and frequency of exercise 32, 33. Still 
there is no evidence that such self-management programs could improve occupational 
outcomes. However, in this specific group of adults with CHD who experience limitations 
at work, a targeted self-management program might help CHD patients to overcome 
the barriers or limitations reported. The CHAPTER 2 study is a Canadian example of a 
tailored self-management program, which tried to minimize the transition time from 
paediatric to adult care for CHD patients by using pre-defined goals, led by a trained 
nurse 34. A similar design may also be used to address certain well-described problems 
in adult CHD patients regarding education and employment. Our results emphasize that 
such programs should focus on dealing with symptoms, effective communication with 
colleagues and employer and gaining insight in internal and external recovery options. 
Finding and maintaining a good balance in work and personal life is a challenge for most 
people these days, especially when you need more time to recover from work.

Another tool could be the so-called ‘personalised care planning’. This is a process used 
in the management of several (non-CHD so far) chronic diseases in which patients and 
clinicians collaborate to identify problems caused by or related to the patient’s condition, 
in order to develop a plan to improve these problems 35. A specialised adult CHD centre 
will presumably have the best structure to facilitate such planning 36.

The work ability score (WAS) was used as a tool to determine work ability in our study. 
In other chronic diseases, it has proven a useful tool to predict future disability. Especially 
for patients that experience limitations at work but are still working, it could help identify 
patients who are about to be absent from work to intervene, in order to avoid absentee-
ism. The question is who should do this. In several of our studies, we noticed that it is 
unclear who feels responsible for preventing absenteeism. Besides this, patients often 
feel that telling the employer about their CHD might be contra productive 8, 37 and most 
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patients only see a company doctor or occupational physician when absence is already 
an issue.

As far as we know, all these suggestions have not yet been investigated or tried in an 
adult CHD population. We advocate for more attention for this increasing population 
and thereby increasing problem. Employers and medical officers or company docters 
will increasingly face employees with CHD. Celermayer et al. described a study in 1993 
in which employers were questioned on their experiences with CHD. They noticed that 
in small companies, most decisions about employees with medical problems were made 
directly by the employers. More important, employers were negative about job pros-
pects for employees with more severe or only partly corrected CHD 38. To our knowledge, 
it is unknown how employers nowadays view CHD patients. However, it is impossible 
to educate all employers. Therefore, education on improved outcome and prognosis of 
adults with CHD should be widespread among company docters.

Finally, although beyond the scope of this thesis, the total costs of CHD will go far 
beyond health-care utilization alone if the loss of work force, caused by the increased 
unemployment in adult with CHD, is continuing and insufficiently recognized 39.
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SuMMARy

Chapter 1
In the introduction, we try to give an overview on what is known on socio-economic 
aspects of adults with congenital heart disease (ACHD). We explain what previous re-
search had focused on and what it revealed. By summarizing the theoretical background 
of the problem, we try to set the stage for our attempts to answer some of the remain-
ing questions. All studies were conducted through CONCOR (CONgenital CORvitia), the 
Dutch national registry of adults with CHD or the APPROACH (Assessment of Patterns of 
Patient-Reported Outcomes in Adults with Congenital Heart disease) International Study.

Chapter 2
In this chapter, a qualitative study that was undertaken to gain insight in the barriers and 
facilitating factors experienced by CHD patients at work is described. Semi-structured 
interviews were held, based on a model that was constructed from several pre-existing 
work-models. Work was important for all participants. Important facilitating factors 
were social support and good relationships with colleagues and employer and having 
sufficient recovery opportunities; barriers were mostly seen in physical aspects and lack 
of recovery opportunities. Suggestions are done to for optimal job participation in ACHD.

Chapter 3
In chapter 3, gender disparities in job participation were investigated in a questionnaire-
driven study among CHD patients and a reference group. Whereas CHD has a large 
impact on working life in men and women, the impact of CHD on job participation 
seemed greater in men. In men with CHD, unemployment was more than twice as high 
as in the reference group and men worked proportionally more often part-time than the 
reference group. In women with CHD, working patterns differed less from women in the 
general population.

Chapter 4
The studies described in chapters 5, 6 and 8 were all conducted within the APPROACH 
International Study: the Assessment of Patterns of Patient-Reported Outcomes in Adults 
with Congenital Heart disease – International Study. The background, design and meth-
ods are all described in chapter 4.

Chapter 5
The main outcomes on quality of life (QOL) are presented in chapter 5. Overall, self-
reported QOL in adults with CHD was good. Although QOL was varying among countries, 
variations in QOL were more related to patient characteristics than country-specific 
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characteristics. As opposed to sex, educational level and CHD severity, which were not 
associated with QOL, increasing age, lack of employment, being without a partner and 
worse NYHA functional class were all associated with lower QOL.

Chapter 6
Aspects of employment were further studied within the APPROACH-IS study population. 
This is described in chapter 6. Specific aspects that influence employment status, work-
ability and limitations at work were explored. The majority of patients were employed, 
although strongly varying between countries. For most countries, employment rates 
for CHD patients were lower than for the general population. However, a few countries 
reported higher employment rates in CHD patients. Severe CHD, increasing age, female 
sex, history of congestive heart failure or mental disorders were all independently risk 
factors for less employment and more self-reported limitations or problems at work. 
Higher education and having a partner were both associated with more employment. A 
university degree was the only factor that was independently associated with less limita-
tions at work.

Chapter 7
The COCO study, described in this chapter, shows that signs of brain damage (as mea-
sured by MRI and neuropsychological testing) are often present in adults with TOF, but 
are not related to employment or the limitations at work that are also frequently seen. 
Corrective surgery at older age was associated with more cerebral damage, but will pre-
sumably diminish with the current earlier corrective surgeries. The limitations at work 
are not explained by cerebral damage and we must look for other explanations.

Chapter 8
In our study on insurances and mortgages in CHD patients, 38% experienced any restric-
tion in obtaining an insurance of mortgages, versus only 9% of the healthy reference 
group. Most problems were seen in obtaining life insurances, which were lessaplied 
for in the CHD group, but much more problems were seen. Patients with more severe 
CHD experienced more limitations, of whom the majority had to pay a higher premium. 
However, favourable clinical variables such as mild CHD, good functionall class and left 
ventricular function, did not protect against these problems. The gap between knowl-
edge on CHD and transparency of the insurance application process still seems to exist.

Chapter 9
To determine cancer incidence in adults with CHD, all patients included in CONCOR 
were linked with the Netherlands Cancer Registry. As seen in chapter 9, overall cancer 
incidence among adult survivors of CHD was not increased compared to the general 
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population. Lung cancer incidence was even decreased, possibly due to less smoking in 
the CHD population or left truncation in CONCOR being a cohort of survivors. Further 
studies with information on cancer risk factors, including exposure to ionizing radiation, 
are needed to define cancer risk in specific groups that seem at greater risk.

Chapter 10
In chapter 10, our studies are brought together and put in a historical and scientific per-
spective. Ideas and suggestions for future research and possible intervention strategies 
to improve the employment situation of adults with CHD were discussed and further 
explored.
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Aangeboren hartafwijkingen (AHA) zijn de meest voorkomende aangeboren afwijkingen. 
Door de ontwikkelingen in met name de hartchirurgie, cardiale diagnostiek en Intensive 
Care zorg, is de prognose en overleving van de kinderen met AHA drastisch verbeterd, 
waarbij tegenwoordig meer dan 90% de volwassen leeftijd bereikt. Hierdoor zijn er 
inmiddels meer volwassenen dan kinderen met een aangeboren hartafwijking in Neder-
land. Deze patiëntengroep kan te maken krijgen met late effecten van de behandeling 
of ziekte zelf. Er lijkt daarnaast ondanks de verbeterde overleving ook nog steeds sprake 
van een zekere ‘sociale achterstand’ ten opzichte van de algemene bevolking. Eerder 
CONCOR onderzoek liet lagere opleidingsniveaus en meer werkeloosheid zien, zelfs bij 
patiënten met relatief milde afwijkingen. De onderzoeken die in dit proefschrift worden 
beschreven, laten de socio-economische aspecten van het hebben van een aangeboren 
hartafwijking voor volwassenen zien.

Hoofdstuk 1
In de inleiding in hoofdstuk 1, wordt een overzicht gegeven van wat er bekend is aan so-
cio-economische aspecten bij AHA. Voorgaand onderzoek wordt besproken en CONCOR 
en APPROACH-IS worden geïntroduceerd. De hoofdlijnen en studies van dit proefschrift 
worden kort ingeleid.

Hoofdstuk 2
Hoofdstuk 2 beschrijft het kwalitatieve onderzoek dat werd verricht om meer inzicht te 
krijgen in de hindernissen en stimulansen die (jong) volwassenen met AHA ervaren op de 
werkvloer. Hiervoor werden patiënten geïnterviewd volgens een zelf geconstrueerd model, 
gebaseerd op theoretische modellen over werk en belastbaarheid. Hieruit werden data 
geabstraheerd. Werk bleek voor alle deelnemende patiënten heel belangrijk. Stimulerende 
factoren waren ‘sociale support’, goede relaties met werkgever en collega’s en het ervaren 
van voldoende herstelmogelijkheden. Barrières werden met name in de fysieke aspecten 
van het werk en de aandoening gezien en het gebrek aan herstelmogelijkheden. Op de 
ervaringen die we uit deze interviews hebben geleerd, zijn de vragenlijsten voor onze 
volgende studies en onze ideeën voor interventiemogelijkheden gebaseerd.

Hoofdstuk 3
In hoofdstuk 3 worden verschillen in arbeidsparticipatie tussen mannen en vrouwen ver-
geleken voor mensen met AHA en de algemene bevolking. Aangeboren hartafwijkingen 
hebben een effect op arbeidsparticipatie voor mannen en vrouwen. Net als in de bevol-
king werken vrouwen over het algemeen minder en als ze werken is dat vaker parttime. 
Echter, het mannelijk patroon van de AHA patiënten wijkt meer af van de bevolking dan 
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dat van de vrouwen. Mannen met AHA waren 2 keer vaker werkeloos en werkten vaker 
parttime dan mannen in de bevolking. Kortom, het hebben van AHA lijkt op mannen 
meer effect op werkgebied te hebben dan op vrouwen.

Hoofdstuk 4
De studies die in de hoofdstukken 5, 6 en 8 worden beschreven, zijn allemaal onder-
deel van de APPROACH Internationale Studie. Dit staat voor ‘Assessment of Patterns of 
Patient-Reported Outcomes in Adults with Congenital Heart disease’ en betekent het 
‘Vaststellen van Patronen van Patiënt-gerapporteerde uitkomsten in Volwassenen met 
AHA. De achtergrond, het ontwerp en de methoden van deze studie worden allemaal 
beschreven in hoofdstuk 4.

Hoofdstuk 5
De belangrijkste uitkomsten uit de APPROACH internationale studie op het gebied van 
kwaliteit van leven in volwassenen met AHA worden beschreven in hoofdstuk 5. In 
het algemeen was de zelf-gerapporteerde kwaliteit van leven heel goed. Alhoewel dit 
varieerde tussen de verschillende landen, werden variaties in kwaliteit van leven meer 
veroorzaakt door verschillen in patiënt-karakteristieken dan land-karakteristieken. Deze 
patiënt-karakteristieken waren toenemende leeftijd, werkeloosheid, het gebrek aan een 
partner en slechtere functionele klasse. Deze factoren waren allemaal geassocieerd met 
een minder goede kwaliteit van leven. Geslacht, opleidingsniveau en ernst van de AHA 
speelden hierbij geen rol.

Hoofdstuk 6
Arbeid, werkvermogen en beperkingen op het werk door AHA zijn onderzocht onder 
alle patiënten die meededen aan de APPROACH internationale studie. Het merendeel 
van de patiënten bleek te werken, al werden er grote verschillen in arbeidsparticipatie 
gezien tussen de deelnemende landen. Vergeleken met de algemene bevolking, werkten 
de meeste AHA patiënten minder vaak, alhoewel er ook landen waren met een hogere 
arbeidsparticipatie onder de AHA patiënten dan de bevolking. Complexe afwijkingen, 
toenemende leeftijd, vrouwelijk geslacht en een voorgeschiedenis van hartfalen of 
psychische stoornissen, waren allemaal geassocieerd met een lagere arbeidsparticipatie 
of meer werkproblemen. Het hebben van een partner of een hogere opleiding was geas-
socieerd met een hogere arbeidsparticipatie. Een universitaire opleiding leek het enige 
te zijn wat geassocieerd was met minder beperkingen op het werk.

Hoofdstuk 7
In hoofdstuk 7 wordt de COCO studie beschreven. Deze studie laat zien dat er bij volwas-
senen met de tetralogie van Fallot (TOF) die hier ook aan geopereerd zijn, relatief veel 
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tekenen van hersenschade gezien worden. Hersenschade werd in deze studie bekeken 
middels een MRI van de hersenen en neuropsychologisch onderzoek. Tevens ervaarde 
ongeveer een derde van de mensen beperkingen op het werk, die zij toeschreven 
aan hun aandoening. Wij konden echter geen enkele relatie tussen deze verschillende 
uitkomsten vinden. Tekenen van hersenschade op de MRI waren geassocieerd met de 
leeftijd waarop iemand chirurgisch volledig gecorrigeerd was. Met de huidige standaard 
van eerder opereren zal dit hopelijk dan ook minder optreden. Er moet dus gezocht 
worden naar een andere verklaring voor de werkproblemen bij volwassenen met TOF.

Hoofdstuk 8
UIt ons onderzoek naar ervaringen met het verkrijgen van verzekeringen en hypotheken, 
bleek dat 38% van de AHA patienten hiermee problemen had gehad. Dit was maar in 9% 
van de mensen uit de controlegroep het geval. De meeste problemen kwamen voor met 
het krijgen van een levensverzekering. Dit werd minder vaak aangevraagd, maar gaf wel 
het meeste problemen. Patienten met ernstiger afwijkingen ervaarden ook meer pro-
blemen op dit gebied. De meerderheid moest een hogere premie betalen. Desondanks, 
bleken gunstige klinische parameters als milde afwijkingen, goede linker ventrikel functie 
of goede functionele klasse helemaal niet tegen dergelijke problemen te beschermen. Er 
lijkt een kloof te bestaan tussen de huidige kennis over AHA en de transparantie van het 
toekennen van verzekeringen en hypotheken.

Hoofdstuk 9
Om de incidentie van kanker in volwassenen met AHA te bepalen, werden alle patiënten 
die in CONCOR geïncludeerd waren gekoppeld aan de Nederlandse Kanker Registratie. 
Hierbij vonden wij geen verhoogde incidentie van kanker onder volwassenen met AHA 
ten opzichte van de algemene bevolking. Voor longkanker vonden we zelfs een verlaagde 
incidentie. Dit kan komen door de gezondere leefstijl die bij veel mensen met AHA wordt 
gezien, met name het minder roken, maar ook voor een deel een methodologische 
onderschatting zijn door hoe CONCOR is opgebouwd. Verder onderzoek waarbij infor-
matie over kanker risicofactoren beschikbaar is, inclusief hoeveelheid blootstelling aan 
medische straling, is nodig om het risico op kanker in bepaalde groepen binnen de AHA 
te definiëren die het meeste risico lijken te lopen.

Hoofdstuk 10
In hoofdstuk 10 worden de resultaten van de verschillende onderzoeken naar arbeids-
participatie van volwassenen met AHA gecombineerd en met elkaar besproken. Ideeën 
voor verder onderzoek, maar vooral suggesties hoe de arbeidssituatie voor mensen met 
AHA te verbeteren worden verder uitgewerkt.
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“Home is where the heart is.”
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worden en dan met onze oude gerimpelde handen met onze kleinkinderen nog eens 
door onze proefschriften, of liever nog, een dichtbundeltje bladeren.
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The dramatically improved survival and clinical outcomes of children 
with congenital heart disease (CHD) has allowed attention to shift 
towards less basic, but nevertheless very important other issues 
influencing course of life of adults with CHD. This includes aspects 
of education, employment and career, personal development, 
relationships and offspring, insurability, lifestyle, quality of life and the 
chance to develop other diseases. Care for adults with CHD should 
therefore not only comprise care for survival and medical treatment, 
but also include attention for socio-economic aspects and the 
challenges that are thereby faced. To be able to provide such care, 
more insight into these aspects is needed. Unfortunately, attention 
within the medical field for socio-economic outcomes is still limited. 
This thesis describes several studies that were conducted to gain more 
insight in socio-economic aspects of adults with CHD.


