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General Introduction

Improved primary prevention by lifestyle changes and pharmacological treatment of cardiovascular risk
factors have resulted in a lower risk of cardiovascular events and a spectacular drop in cardiovascular

1

mortality in the last decades.1,2,3 As a result, the age at which people have their first cardiovascular event
has shifted to older age and patients live longer after the onset of cardiovascular disease also as a results
of effective revascularisation procedures.4 What’s more, the life expectancy of patients with several other
chronic diseases, for example certain types of cancer, has increased, leading to an increasing number of
patients with a disease that now reach an age where they are at risk to suffer from a cardiovascular event.
Taken together, an increasing number of people have more time to ‘accumulate’ combinations of diseases
and (new) cardiovascular diseases in their life.
The term comorbidity was first used in 1967 by Alvan Feinstein who described it as: ‘‘any distinct additional
clinical entity that has existed or may occur during the clinical course of a patient who has the index
disease under study’’.5 A related term is multimorbidity which is described as ‘‘The co-occurrence of
multiple chronic or acute diseases and medical conditions within one person”.6 Both terms have in
common that they refer to patients with more than one disease or medical condition. However, from the
viewpoint of comorbidity, the patient has one index disease, for example heart failure, and another disease
next to it: the comorbid condition. The present thesis evaluates the co-occurrence of other conditions in
patients with cardiovascular disease. Therefore, the term comorbidity will be used.
Comorbidity poses several challenges for both patients and health care providers which are illustrated in
the next hypothetical case. Imagine a women aged 72, with heart failure, osteoarthritis, depression and a
history of breast cancer1. Based on the guidelines from the separate diseases she would be prescribed
up to 10 pills per day, depending on the burden and the progression of the diseases.7–10 Throughout the
day, she is confronted with her disease as the drugs should be taken at different times during the day.
She has frequent consultations with her general practitioner. In addition, she visits the practice nurse four
times a year and in the hospital she has a yearly appointment with a nurse specialized in radiotherapy or
mamma-surgery. Frequent e-health and regular appointments with the cardiologist and the
rheumatologist are planned. In addition, consultations with her physiotherapist are scheduled every two
weeks. Besides all the medication and visits to health professionals, she would also be advised to engage
in up to 8 different interventions targeting aspects of her lifestyle and depression.

1

34% of the patients with reported heart failure in the LifeLines cohort study had 3 or more comorbid conditions

13

15399-Buddeke_BNW.indd 13

11-04-18 10:29

Chapter 1

Clinical guidelines are based on scientific evidence and recommended pharmacological interventions are
generally based on the results of randomized controlled trials. These trials often exclude patients with
other diseases next to the disease of interest. This may lead to a situation where all prescribed 10 pills
from abovementioned patient may be evidence based and in accordance with the medical guidelines,
however, the sum of the medication may not be. Because most diseases are treated by different health
specialists, optimal coordination and communication between these specialists is crucial. However,
previous literature showed that patients with comorbidity are more often confronted with drug-drug
interaction, conflicting medical advice and unnecessary hospitalization.11,12 Improving management and
guidance of patients with comorbid conditions, and to align health care systems to their needs is one of
the crucial steps in preventing adverse health outcomes in patients with comorbidity, and to increase
efficiency and reducing costs.12 One of the first steps in this process is assessment of the prevalence of
comorbidity in the different domains of cardiovascular disease, the medications prescribed and it relations
with quality of life.
Objectives of this thesis
This thesis investigates comorbidity in patients with cardiovascular disease. The aims of this thesis are
threefold. First, we identify chronic disease combinations and clusters of chronic diseases in patients with
cardiovascular disease. Because comorbidity has a profound effect on health care, we will study these
combinations in different health care settings; general population, primary health care and secondary
health care. For the second objective, we focus on the co-occurrence of two major disease groups:
cardiovascular disease and cancer. We investigate the possible relationship between treatment for breast
cancer and subsequent cardiovascular disease. Lastly, we evaluate the consequences of comorbidity
investigating comorbidity in relation to the number of chronic medications prescribed as well as the
perceived quality of life of patients with cardiovascular disease and comorbidity.

14
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Outline of this thesis
In the first part of this thesis we explore combinations of cardiovascular diseases with other chronic

1

diseases in the general population (chapter 2.1), primary care (chapter 2.2) and secondary care (chapter
2.3). In chapter 2.1, we describe the level of cardiovascular and non-cardiovascular comorbidity and age
and sex-standardized disease combinations in participants of the LifeLines Cohort study. In the next
chapter, disease combinations over the lifespan and possible differences between men and women are
investigated in primary care data of the Julius General Practitioners’ Network-database. In chapter 2.3 we
assess the trend in comorbidity in patients admitted to the hospital for cardiovascular disease.
Subsequently we focus on the possible association between breast cancer and cardiovascular disease.
In chapter 3.1 we investigate the trend of cardiovascular morbidity and mortality in patients admitted for
breast cancer. Then, we compare the risk of cardiovascular disease after breast cancer between different
ethnic groups (chapter 3.2). In chapter 3.3, we compare the prognosis after myocardial infarction in breast
cancer survivors treated with and without radiotherapy. Finally, we examine possible consequences of
comorbidity in patients with cardiovascular disease. In chapter 4.1 we assess the prognosis after
hospitalization for heart failure including the role of comorbid conditions. In chapter 4.2 we assess the
impact of comorbid conditions of the quality of life in patients with cardiovascular disease. We assessed
the number of prescribed pills in patients with cardiovascular disease and explored how patients would
benefit from a prescription of fixed dosed combinations (chapter 4.3). We end this thesis by discussing
the findings and explore implications for research and clinical practice.

15
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ABSTRACT
Background
Comorbidity is recognized as a major public health care issue that challenges health care systems.
Generally, health care systems are largely configured around single diseases and medical specialisms.
We set out to assess the prevalence of cardiovascular and non-cardiovascular comorbidity in patients
with cardiovascular disease (CVD).
Methods
We used the LifeLines Cohort Study, a large (n= 99,539) population-based cohort study in the Netherlands
among individuals aged 40 to 80 years. Age and sex standardized prevalences of cardiovascular- and
non-cardiovascular comorbidity were determined in patients with different CVDs: heart failure, peripheral
arterial disease (PAD), myocardial infarction, stroke, pulmonary embolism and heart rhythm disorders
and age and sex standardized prevalences of combinations of two diseases were calculated. Using
logistic regression, we examined whether these combinations were significantly more prevalent (p- value
< 0.05) in patients with a specific CVD compared to those without the respective disease
Results
We identified 4,987 patients with CVD (5%). 44% of the patients with heart failure had another CVD. This
percentage was 33% for those with PAD and 24% for those with stroke. 56%-71% of the patients with
CVD experienced another non-cardiovascular comorbid condition among which depression, diabetes,
hearing problems, COPD, osteoarthritis, migraine and cancer were the most common with prevalence
estimates from 5 to 22%.
Conclusions
Patients with CVD often have more than one type of CVD, and certainly very often one or more noncardiovascular conditions. Given an ageing population and to ensure efficient and effective treatment in
patients with clinical manifest CVD with many comorbidities, organizational adaptations may be required
in the health care system to accommodate comorbid conditions in CVD patients.

22
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INTRODUCTION
Due to improved pharmacological and invasive treatments patient survival has increased for several
cardiovascular diseases (CVD) such as acute coronary syndromes and stroke but also in non-CVDs
including cancer and chronic pulmonary diseases.1 Increased survival and a rising life expectancy results

2.1

in a large group of patients with more time to accumulate various vascular and non-vascular diseases and
conditions.
The presence of one or more co-occurring chronic diseases next to an index disease is defined as
comorbidity.2 Each disease calls for dedicated diagnostic and therapeutic strategies and often for specific
health care professionals. Comorbidity therefore results in more parallel diagnostic and treatment
trajectories which need to be well coordinated. Comorbidity potentially could lead to drug interaction,
conflicting medical advice, non-adherence and unnecessary hospitalization.3,4 Nevertheless, most
guidelines are still single-disease oriented and rarely incorporate guidance on treatments for comorbid
conditions.5 Improving management and guidance of patients with comorbid conditions, and to align
health care systems to their needs could be a crucial step in preventing adverse health outcomes in
patients with comorbidity, and to increase efficiency and reducing costs.3
Previous studies showed that 34% to 98% of the patients with cardiovascular disease (CVD) have at
least one comorbid condition, such as another cardiovascular disease, a metabolic disease or a mental
health disease.2,6–12 The majority of these studies focused on one specific CVD,10–12 like heart failure, or
investigated CVD as one disease entity.2 Therefore, no direct comparison can be made between the
specific CVDs to assess which patient disease groups are most burdened by comorbidity and need more
guidance on treatments for comorbid conditions. In addition, it is important to study the level of comorbidity
in a general population-based study in order to obtain valid prevalence estimates in the general
population.9 Yet, most prior studies only included high risk patients e.g. elderly people or hospitalized
patients.6,9
With data of the LifeLines Cohort Study, a general population - based study,13 we assessed the age and
sex standardized cardiovascular and non-cardiovascular comorbidity level for patients with different
cardiovascular index diseases including heart failure, peripheral arterial disease, myocardial infarction,
stroke, heart rhythm disorder and pulmonary embolism. In addition, we calculated the prevalence of
combinations of two diseases as well as the strength of the association between the cardiovascular indexdisease and comorbid conditions.

23

15399-Buddeke_BNW.indd 23

11-04-18 10:29

Chapter 2.1

METHODS
Study design and study sample
LifeLines is a cohort study sampled from the general population that examines the health and the healthrelated behaviors of persons living in the North East region of the Netherlands in a unique three-generation
design.14 It employs a broad range of investigative procedures in assessing the biomedical, sociodemographic, behavioral, physical and psychological factors which contribute to the health and disease
of the general population. Details on recruitment and data collection procedures have been described
elsewhere.13 In brief, individuals were invited to participate by their general practitioner or through family
members and there was an option to self-register. All participants were asked to complete a selfadministered questionnaire, requiring them to provide information on a broad spectrum of diseases,
including cardiovascular diseases, pulmonary diseases and allergy, cognitive function and depression,
and musculoskeletal conditions. During the first visit to the LifeLines research center, all participants
underwent a clinical examination, followed by the collection of blood and urine samples. In addition,
electrocardiography (ECG) was performed (Welch Allyn V.1.6.0.489, MEANS algorithm). More
information about the data collection can be found at Data Supplement 1. The present study uses data
from 152,180 participants who visited the Lifelines research centers between November 2006 and
December 2013 for the baseline measurements. 34% of the invited participants agreed to participate and
were included in the study. 13 A prior study showed that when adjusted for demographic composition, the
LifeLines population is representative for the entire Dutch population.15 The study protocol was approved
by the medical ethics review committee of the University Medical Center Groningen (UMCG) and
conducted in accordance with the Declaration of Helsinki. All participants provided written informed
consent upon enrolment.
Definition of cardiovascular disease and comorbid conditions
Index cardiovascular diseases was self-reported presence of heart failure, peripheral arterial disease
(PAD) , myocardial infarction, stroke, heart rhythm disorder (HRD) or pulmonary embolism (PE). PAD was
constructed based on the self-reported presence of aorta aneurysm and/or narrowed carotid arteries.
HRD was defined as atrial fibrillation, atrial flutter, 3rd grade AV block, Wenckebach, sinus arrest, Mobitz,
WPW, Long QT or pacemaker rhythm and was determined by a resting ECG. We defined comorbidity as
having a self-reported chronic disease next to an index cardiovascular disease. We made a distinction
between cardiovascular comorbidity and non-cardiovascular comorbidity. Cardiovascular comorbid
conditions included the same CVDs as the index diseases. Non-cardiovascular self-reported comorbid
conditions were selected based on a standard list of chronic diseases for primary care16. The selection
24
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includes anxiety disorder, asthma, burn-out, cancer, cataract, Chronic Obstructive Pulmonary Disease
(COPD), colitis and/or Crohn’s disease, dementia, depression and /or mania, diabetes mellitus, epilepsy,
hearing problems, migraine, osteoarthritis, osteoporosis, Parkinson’s disease, rheumatoid arthritis,
schizophrenia and gastric ulcer. We assumed that once a chronic disease is present, it stays present.

2.1

More information about how these diseases were established can be found at Data Supplement 1.
Data analyses
First, we described characteristics of the total study population, those with at least one of the
cardiovascular index diseases and those without cardiovascular disease separately. Next, we examined
the level of comorbidity for the different index diseases. We examined the prevalence of having 0, 1 or ≥
2 cardiovascular comorbid conditions, followed by examining the number of non-cardiovascular comorbid
conditions (0, 1, 2 or ≥3). To study combinations of two diseases, we calculated age and sex standardized
prevalences of disease combinations for the different index diseases and the specific cardiovascular or
non-cardiovascular comorbid condition. Because of small numbers we excluded patients younger than
40 and older than 80 years. We standardized all prevalence estimates for age and sex according to the
Dutch population distribution on the 1st of May 2012, which was the date when half of the study population
had been included. To investigate whether these comorbid conditions were more prevalent among
patients with a specific cardiovascular index disease compared to patients without the respective disease,
we calculated Odds Ratio’s (OR) with corresponding 95% confidence intervals (CI) using logistic
regression adjusted for age and sex. The comparison groups involved the total study population minus
the patients with the respective disease. In addition, we reported whether the association was still
statistically significant after applying the Benjamini-Hochberg correction for false discoveries.17 We set
the false discovery rate at 5%. Standardized prevalences and ORs were calculated if ≥30 cases were
present. If a patient had more than one index disease, e.g. heart failure and myocardial infarction, the
patient was included in the calculations regarding heart failure as well as myocardial infarction. The
variables measuring asthma, cancer, COPD, diabetes, stroke, hearing problems, heart failure, myocardial
infarction and PAD had 0.2 % to 1.1 % missing data leading to 7.0% of all participants having missing
data for at least one variable. Under the assumption of missing at random, we imputed missing data using
multiple imputations with 5 imputed datasets. We used all index diseases, comorbid conditions and
characteristics including age, sex, BMI, smoking, education, hypertension and cholesterol level to impute
missing values. Analyses were conducted in each dataset and pooled. All analyses were performed using
SPSS 22.0 (SPSS Inc., Chicago, IL, USA).

25

15399-Buddeke_BNW.indd 25

11-04-18 10:29

Chapter 2.1

RESULTS
In the total cohort of 99,539 participants aged 40 until 80 years, we identified 4,987 patients with CVD
(5.0%), including heart failure, PAD, myocardial infarction, stroke, HRD and pulmonary embolism (Table
1). The mean age was 59 (SD: 11) for patients with CVD and 52 (SD: 9) for patients without CVD.
Myocardial infarction was the most prevalent CVD (2% in total population and 31% in patients with CVD).
Migraine was most prevalent non-cardiovascular disease among patients with (15%) and without CVD
(18%) (Table 1).
Prevalence of comorbidity
Figure 1 shows that 44% of patients with heart failure experienced another cardiovascular comorbid
condition. This percentage was 33% for those with PAD, and 24% for those with stroke. Among patients
with cardiovascular comorbidity, most patients had one cardiovascular comorbid condition. Table 2 shows
that the majority of the CVD patients had at least one non-cardiovascular comorbid condition (56%-71%).
Of these, most had 2 or more non-cardiovascular comorbid conditions

26
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Table 1. Characteristics of all participants, in strata of CVD

No. of respondents
Sex (men)
Age mean (SD)
BMI (kg/m2) mean (SD)
Education

Current smoking
Hypertension

No/lower
Middle
Higher/
university
Missing
Yes
Missing
Yes
Missing

Myocardial infarction
Stroke
Heart failure
Pulmonary embolism
Peripheral arterial disease
Heart rhythm disorder
Migraine
Depression/mania
Osteoarthritis
Burn-out
Asthma
Cancer
COPD
Anxiety disorder
Hearing problems
Diabetes
Stomach ulcer
Rheumatoid arthritis
Cataract
Epilepsy
Colitis/Crohn
Parkinson
Schizophrenia
Osteoporosis
Dementia

All
participants
99,539
42,062
52 (9)
27 (4)
36,433
27,049
35,593
464
18,236
2,655
26,509
3,040
1,560
1,058
977
847
849
650
18,358
10,449
10,375
9,325
7,084
6,315
6,264
5,203
4,754
3,543
3,058
2,944
2,834
1,329
958
62
86
19
10

%
100
42

36
27
36

19
31
2
1
1
1
1
1
18
10
10
9
7
6
6
5
5
4
3
3
3
1
1
0
0
0
0

Participants
with CVD
4,987
2,922
59 (11)
28 (4)
2,457
1,119
1,340
71
861
144
2,243
426
1,560
1,058
977
847
849
650
761
580
783
519
406
574
576
241
611
540
277
275
355
125
73
8
8
4
3

%
100
59

50
23
27

18
52
31
21
20
17
17
13
15
12
16
10
8
12
12
5
12
11
6
6
7
3
1
0
0
0
0

Participants
without CVD
94,552
39,140
51 (9)
27 (4)
33,976
25,930
34,253
393
17,375
2,511
24,266
2,614
17,597
9,869
9,592
8,906
6,681
5,741
5,688
4,962
4,144
3,002
2,781
2,669
2,479
1,204
885
54
78
15
7

%
100
36

2.1

36
28
36

19
30

19
10
10
9
7
6
6
5
4
3
3
3
3
1
1
0
0
0
0

Abbreviations: BMI Body Mass Index; COPD Chronic Obstructive Pulmonary Disorder; CVD cardiovascular disease
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Figure 1. The prevalence of patients with cardiovascular comorbidity, 1 cardiovascular comorbid
condition and 2 or more cardiovascular comorbid conditions according to different cardiovascular index
diseases and standardized for patients aged 40-80

50%
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%
CVD comorbidity
1 CVD comorbid condition
≥ 2 CVD comorbid conditions

HF
44%
36%
8%

PAD
33%
26%
7%

MI
29%
24%
5%

CVA
24%
19%
5%

HRD
24%
19%
5%

PE
12%
9%
3%

Abbreviations: HF heart failure; PAD peripheral arterial disease; MI myocardial infarction; HRD heart rhythm disorder;
PE pulmonary embolism
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Table 2. Prevalence of non-cardiovascular comorbidity, 1, 2 and ≥ 3 non-cardiovascular comorbid
conditions according to different cardiovascular index diseases and standardized for patients aged 40–
80

2.1

HF

PAD

MI

Stroke

HRD

PE

Non-CVD comorbidity

69%

71%

64%

68%

56%

70%

1 non-CVD comorbid condition

31%

30%

32%

33%

29%

27%

2 non-CVD comorbid conditions

19%

22%

17%

19%

16%

24%

≥3 non-CVD comorbid conditions

19%

19%

15%

16%

11%

19%

Abbreviations: HF heart failure; PAD peripheral arterial disease; MI myocardial infarction; HRD heart rhythm disorder;
PE pulmonary embolism

Prevalence and association of combinations of two diseases
The standardized prevalences of the combinations of two diseases with corresponding Odds Ratios are
presented in Figure 2. For example, 29% of the patients with heart failure also had a previous myocardial
infarction. This corresponded to a significant odds ratio (OR) of 18.1, which means that patients with heart
failure had 18.1 higher odds of having had a myocardial infarction compared to all other participants
without heart failure irrespective of age and sex. The most frequent and statistically significant, noncardiovascular comorbid condition among patients with heart failure was osteoarthritis (17%), which
occurred more often in heart failure patients compared to patients without heart failure (OR: 1.3, 95% CI:
[1.0 - 1.6]).
Osteoarthritis, migraine, COPD, depression/mania, diabetes, hearing problems and cancer were the most
prevalent and statistically significant non-cardiovascular comorbid conditions and made up the top 5 of
non-cardiovascular comorbid conditions in all groups of CVD patients. Patients with heart failure,
myocardial infarction and pulmonary embolism had significantly more often COPD than patients without
the respective disease (Figure 2). Diabetes, depression and hearing problems occurred more often
among patients with heart failure, PAD, myocardial infarction and stroke. Asthma was significantly more
often reported in patients with heart failure, PAD and pulmonary embolism, while rheumatoid arthritis and
was significantly more reported by patients with a previous stroke and pulmonary embolism. Epilepsy was
more prevalent in stroke patients (Figure 2).
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Figure 2. Standardized prevalences (bar chart) of combinations between the cardiovascular index
disease and the cardiovascular and non-cardiovascular comorbid conditions and the sex and age
adjusted odds ratios with corresponding 95% confidence interval in patients aged 40-80 years

7%
6%
6%
5%
0%

MI

HF 17.7 (15.0-20.9) * †
PAD 3.5 (2.8-4.5) * †
Stroke 2.3 (1.8-3.0) * †
HRD 2.2 (1.7-2.9) * †
PE 2.0 (1.4-2.9) * †
Diabetes 2.5 (2.1-2.9) * †
Osteoarthritis 0.9 (0.8-1.04)
Migraine 0.9 (0.7-1.04)
Depression/mania 1.3 (1.1-1.6) * †
Hearing problems 1.3 (1.0-1.5) * †
COPD 1.5 (1.3-1.8) * †
Burn-out 1.0 (0.8-1.2)
Cancer 1.1 (0.9-1.3)
Asthma 1.2 (0.96-1.5)
Gastric ulcer 1.7 (1.4-2.1) * †
Anxiety disorder 1.2 (0.9-1.6)
Cataract 1.1 (0.9-1.3)
RA 1.3 (1.1-1.7) * †

10%

20%

10%

20%

30%

4%

Stroke 2.7 (1.9, 3.8) * †

11%
11%
10%
9%
9%
8%
8%
8%
7%
4%
4%

Depression/mania 1.2 (0.9, 1.6)
Migraine 0.7 (0.5, 0.9) * †
Burn-out 1.0 (0.7, 1.3)
Hearing problems 1.1 (0.9, 1.4)
Cancer 1.1 (0.9, 1.4)
Diabetes 1.5 (1.2, 2.0) * †
Osteoarthritis 0.5 (0.4, 0.7) * †
COPD 1.4 (1.1, 1.8) * †
Asthma 1.1 (0.8, 1.6)
RA 1.5 (1.1, 2.0) * †
Cataract 0.9 (0.6, 1.2) * †

0%

10%

20%

30%

20%
14%

15%
14%
12%
10%
9%
9%
7%
7%
7%
6%
6%
5%
4%
0%

PE

7%

AMI 2.0(1.5, 2.7) * †

10%
6%
4%
3%
3%

AMI 1.9 (1.3, 2.7) * †
Migraine 1.3 (1.1, 1.5) * †
Osteoarthritis 1.5 (1.2, 1.9) * †
COPD 2.6 (2.0, 3.3) * †
Cancer 1.6 (1.3, 2.0) * †
Depression/mania 1.2 (0.9, 1.5)
Asthma 1.8 (1.5, 2.3) * †
Burn-out 1.0 (0.8, 1.3)
Hearing poblems 1.1 (0.8, 1.5)
Cataract 1.8 (1.4, 2.4) * †
Gastric ulcer 2.1 (1.6, 2.7) * †
Anxiety disorder 1.3 (0.9, 1.7)
RA 1.6 (1.1, 2.4) * †
Diabetes 1.2 (0.9, 1.6)
Colitis/Crohn's disease 4.0 (2.8, 5.7)…

15%

HF 12.4 (9.9, 15.5) * †

18%

18%
16%
13%
13%
13%
12%
12%
9%
8%
8%
8%
6%
6%

PAD 14.5 (11.3, 18.8) * †
AMI 2.2 (1.7, 2.9) * †
HF 2.8 (2.1, 3.9) * †
HRD 2.7 (1.9, 3.8) * †
PE 2.2 (1.4, 3.3) * †
Migraine 1.2 (1.01, 1.4) *
Osteoarthritis 1.0 (0.8, 1.2)
Depression/mania 1.6 (1.4, 1.9) * †
Hearing problems 1.6 (1.3, 2.0) * †
Diabetes 2.1 (1.7, 2.6) * †
Cancer 1.1 (0.9, 1.4)
COPD 1.2 (0.996, 1.6)
Asthma 1.1 (0.9, 1.6)
Burn-out 0.8 (0.6, 1.02)
Cataract 1.2 (0.9, 1.6)
Epilepsy 5.1 (3.9, 6.7) * †
Anxiety disorder 1.3 (0.96, 1.7)
RA 1.4 (1.1, 1.9) * †
Gastric ulcer 1.1 (0.8, 1.5)

14%
13%
12%
12%
11%
10%
9%
8%
8%
6%
5%
5%
5%

10%
7%

3%
3%

0%

30%

20%

6%
4%
3%
2%

0%

HRD

17%
16%
15%
13%
12%
11%
11%
10%
10%

Stroke 15.0 (11.3, 18.9) * †
MI 3.4 (2.7, 4.3) * †
HF 4.6 (3.5, 6.2) * †
PE 2.9 (1.9, 4.5) * †
HRD 1.4 (0.8, 2.6)
Migraine 1.2 (0.9, 1.5)
Osteoarthritis 1.2 (0.97, 1.5)
Cancer 1.6 (0.5, 4.9)
Depression/mania 1.5 (1.2, 2.0) * †
Hearing problems 1.5 (1.2, 1.8) * †
COPD 1.9 (1.5, 2.9) * †
Diabetes 2.3 (1.5, 3.5) * †
Asthma 1.5 (1.2, 1.9) * †
Burn-out 1.0 (0.7, 1.3)
Gastric ulcer 2.1 (1.6, 2.7) * †
Cataract 1.5 (1.1, 1.9) * †
Anxiety disorder 1.4 (0.99, 1.9)
RA 1.5 (1.02, 2.0) *

PAD

6%
4%
3%

29%

10%

Stroke

HF

MI 18.1 (15.3, 21.3) * †
HRD 12.8 (10.2, 16.0) * †
PAD 4.7 (3.5, 6.3) * †
Stroke 2.9 (2.0, 3.9) * †
PE 2.7 (1.8, 4.0) * †
Osteoarthritis 1.3 (1.1, 1.5) * †
Migraine 1.0 (0.8, 1.2)
COPD 2.4 (2.0, 2.9) * †
Depression/mania 1.4 (1.1, 1.7) * †
Diabetes 2.4 (2.0, 2.9) * †
Hearing problems 1.4 (1.1, 1.7) * †
Burn-out 1.2 (1.01, 1.5) *
Cancer 1.3 (1.1, 1.6) * †
Asthma 1.6 (1.2, 1.9) * †
Anxiety disorder 1.6 (1.2, 2.1) * †
Cataract 1.1 (0.9, 1.5)
Gastric ulcer 1.5 (1.1, 2.0) * †
RA 1.3 (1.01, 1.8) * †

0%

10%

30%

19%

20%

30%

4%

22%
19%
15%
12%
11%
11%
9%
8%
8%
6%
6%
5%
5%
3%
10%

20%

30%

*=p-value ≤ 0.05
†=significant after Benjamini-Hochberg correction
Abbreviations: HF heart failure; MI myocardial infarction, HRD heart rhythm disorder; PAD peripheral arterial disease; PE pulmonary
embolism; COPD chronic obstructive pulmonary disease; RA rheumatoid arthritis
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DISCUSSION
Comparison of our study results to other studies is challenging, as studies used other sources to evaluate
medical comorbid conditions, differed in age and sex distribution of the study population, focused on only
one cardiovascular index disease and most importantly, used different comorbid conditions or examined
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a different number of comorbid conditions.2,6–12 However, in general we observed the same patterns of
comorbidity in CVD patients as in previous studies. For instance, in one study the researchers compared
the level of comorbidity for different chronic diseases, including patients with heart failure or stroke. The
level of comorbidity was measured by the presence of 29 diseases registered in general practitioners
records. The study showed that the standardized prevalence of both CVD and non-CVD comorbidity
combined was 92% in patients with heart failure and 81% in patients with stroke.7 Similar as the current
study, the authors showed that CVDs were significantly more prevalent in patients with heart failure or
stroke compared to those without the respective disease.
Furthermore, they also observed significantly higher prevalences of the disease combinations of heart
failure and stroke with non-cardiovascular comorbid conditions including osteoarthritis, COPD,
depression, anxiety disorder, diabetes and cancer. However, in the current study we did not observe an
association between heart failure and cancer and between stroke and osteoarthritis, cancer, COPD and
anxiety disorder. Wong et al. investigated combinations of two diseases in the Dutch Hospital Discharge
Register and found that from all 8,385 possible combinations of two diseases, heart failure and diabetes
was one of the most prevalent disease combinations (ranked 4th).18 Diabetes was in our study most
common in patients with myocardial infarction (14%), heart failure (12%) and PAD (12%). A previous
study showed that heart failure and PAD are the most common initial manifestations of cardiovascular
disease in patients with type II diabetes, possibly through a mechanism that included long-term
hypertension, chronic hyperglycemia, microvascular disease, glycosylation of myocardial proteins,
diabetic nephropathy and autonomic neuropathy.19 Another prevalent disease combination in the study
by Wong et al. was the combination heart failure and COPD.18 Apart from common shared risk factors
(e.g. smoking) for COPD and different types of CVD, it is suggested that COPD is additionally linked to
heart failure due to low-grade systemic inflammation.20 Furthermore, it is suggested that patients with
COPD are at increased risk of developing pulmonary embolism due to reasons such as immobility,
systemic inflammation and polycythemia.21 This may explain the high prevalence of COPD in patients
with heart failure or pulmonary embolism (both prevalence of 15%) in the current study.
Research in comorbidity has generated increasing attention in the last decade due to its potential serious
challenges for health care organization. Patients with multiple diseases are the main users of health care,
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as evidenced by showing that in a population where 58% had multiple diseases, these patients accounted
for 78% of the total consultations in primary care.22 Patients with multiple conditions are 5.6 times more
likely to get hospitalized.23 Because comorbidity is associated with higher age,3 it can be expected that
in many countries with an ageing population health care will increasingly be used by patients with multiple
diseases which, subsequently, increases the risk for adverse health effects due to its complexity. What’s
more, medical guidelines are often based on evidence from randomized controlled trials in which patients
with comorbidity are often excluded.24 As a result, these guidelines are largely configured for single
diseases and do very often not take comorbidity into account .5,24 Treating diseases in isolation when
patients actually have more diseases can potentially lead to burdensome and inappropriate treatment.25
Several guidelines have indeed indicated that there is a gap in the evidence base for cardiovascular risk
factor management for the elderly. 26All these reasons indicate that we should redesign health care and
align care more to the needs of patients with multiple diseases. Specific cardiovascular risk factor
management guidelines are emerging for very old patients by for example the geriatric societies.26 Results
from this study and other studies can be used to identify and prioritize combinations of diseases in order
to bundle expertise from different levels and specialisms in the health care system. A number of directions
how to reshape health care have been described.27,28 These approaches share the view that the comorbid
condition is not a free-standing, isolated disease that needs to be treated within another, separated
specialism, but it is an integrated part of the care for the patient. The joined expertise from different health
care providers can be used to adapt health care to the needs of patients with multiple diseases. Steps
into this direction can be made by installing multidisciplinary health units in hospitals. For instance, a
vascular unit where health care providers from multiple specialisms work as a team to ensure the best
treatment for the patients with multiple diseases or, for example, enabling specialists to work closely
together with the family doctor to tune care by setting up combined consultations.
Strengths of this study include the use of data from a large population-based study, which enabled us to
look into the comorbidity level for different CVDs. A prior study showed that when adjusted for
demographic composition, the LifeLines population can be generalized to the general population.15
Because we standardized our data to the age and sex distribution of the general Dutch population we
think that the risk of selection bias is low and the results of LifeLines are representative for the Dutch
population. We selected our comorbid conditions based on a pre-defined classification of chronic
diseases. 16 Furthermore, this is one of the first studies to compare the comorbidity level within different
CVD index diseases. To our knowledge no previous studies provided prevalence estimates of comorbidity
for pulmonary embolism and only limited studies determined the level of comorbidity in PAD and HRD
patients.11,12
32
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Some limitations should be considered. Except for the variable HDR which was measured using ECG,
most diseases were self-reported which may have caused under- or over reporting. On the other hand,
prevalences of self-reported diseases can be viewed as the burden of disease experienced by the

2.1

participant. Furthermore, we expect that some comorbid conditions including dementia and schizophrenia
are underreported because those patients are less likely to participate in such a study.15 Although we
used a relatively large population-based cohort study, the prevalence of patients with CVD was not large
enough to additionally stratify according to age and sex. Therefore we could not assess how the level of
comorbidity or the prevalence of the disease combinations changes over the lifespan.
In conclusion, patients with CVD often have more than one type of CVD, and certainly very often one or
more non-cardiovascular conditions, both increase with age. Given an ageing population and to ensure
efficient and effective treatment in patients with clinical manifest CVD with many co-morbidities,
organizational adaptations may be required in the health care system to accommodate comorbid
conditions in CVD patients.
Acknowledgements: The authors like to thank Jaap C. A. Trappenburg, PhD, for his insightful comments
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SUPPLEMENTAL MATERIAL

Data Supplement: Additional information data collection
1. Patient characteristics
Education
Highest completed education. Categorized into low (none, primary education up to those completing
intermediate vocational education), moderate (higher secondary education) and high (higher vocational
education and university).
Smoking
Question: “Do you smoke now or have you smoked in the past month?”
Hypertension
Question: “Have you ever had hypertension?”
BMI
Trained technicians measured each individual’s height and weight. Body weight was measured without
shoes with 0.1 kg precision. Height was measured to the nearest 0.5 cm. We calculated Body Mass Index
(BMI) as weight (kg) divided by height squared (m2).
Blood pressure
Trained technicians measured each individual’s systolic and diastolic blood pressure. kg/m2). Systolic and
diastolic blood pressures were measured every minute for a period of 10 minutes using an automated
Dinamap Monitor (GE Healthcare, Freiburg,Germany). The size of the cuff was chosen according to the
arm circumference. The average of the last three readings was recorded for each blood pressure
parameter.
Electrocardiography
Welch Allyn V.1.6.0.489, MEANS algorithm

2. Overview of how diseases are defined as present
2.1 Cardiovascular diseases
Heart failure
Question: “Do you have heart failure (decreased pumping of the heart)?
Peripheral Arterial Disease, self-reported aorta aneurysm and/or narrowed carotid arteries
Question: “Were you ever diagnosed with a dilation of the aorta (aortic aneurysm)?”
Question: “Have you ever been diagnosed with a narrowing in one or both carotid arteries?“
36
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Myocardial infarction
Question: “Have you ever had a heart attack?”
Stroke
Question: “Have you ever had a stroke?”
Heart rhythm disorder
Heart rhythm disorder was defined as atrial fibrillation, atrial flutter, 3rd grade AV block, Wenckebach,
sinus arrest, Mobitz, WPW, Long QT or pacemaker rhythm and was determined by ECG

2.1

Pulmonary embolism
Question: “Could you indicate which of the following diseases you have (had)?: Pulmonary embolism.”
2.2 Non-cardiovascular diseases
Anxiety disorder, self-reported panic disorder, agoraphobia, social phobia and/or (other) anxiety disorder
Question: “Could you indicate which of the following diseases you have (had)?: Panic disorder.”
Question: “Could you indicate which of the following diseases you have (had)?: Agoraphobia (fear of open
spaces).”
Question: “Could you indicate which of the following diseases you have (had)?: Social phobia.”
Question: “Could you indicate which of the following diseases you have (had)?: (Other) anxiety disorder.”
Asthma
Question: “Have you ever had asthma?”
Question: “If you ever had asthma, was this confirmed by a doctor?”
Burn-out
Question: “Could you indicate which of the following diseases you have (had)?: Burnout.”
Cancer
Question: “Do you have cancer, or have you had cancer?”
Cataract
Question: “Could you indicate which of the following diseases you have (had)?: Cataract.”
Chronic Obstructive Pulmonary Disease (COPD), self-reported COPD, emphysema or chronic bronchitis
Question: “Do you have COPD, emphysema or chronic bronchitis?”
Colitis and/or Crohn’s disease, self-reported ulcerative colitis, and/or Crohn’s disease
Question: “Could you indicate which of the following diseases you have (had)?: Ulcerative colitis.”
Question: “Could you indicate which of the following diseases you have (had)?: Crohn’s disease.”
Dementia
Question: “Could you indicate which of the following diseases you have (had)?: Dementia.”
37
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Depression and /or Mania, self-reported depression and/or (ever) manic depressive disorder (bipolar
disorder)
Question: “Could you indicate which of the following diseases you have (had)?: Depression.”
Question: “Could you indicate which of the following diseases you have (had)?: Manic-depressive
disorder.”
Diabetes mellitus
Question: “Do you have diabetes?”
Epilepsy
Question: “Could you indicate which of the following diseases you have (had)?: Epilepsy.”
Hearing problems, self-reported need of hearing aid, and/or severely limited by hearing problems
Question: “Do you need a hearing aid?” and/or
Question: “Are you limited by problems with your hearing in daily life?: Severely”
Migraine
Question: “Could you indicate which of the following diseases you have (had)?: Migraine.”
Osteoarthritis
Question: “Could you indicate which of the following diseases you have (had)?: Osteoarthritis (joint
degradation).”
Osteoporosis
Question: “Could you indicate which of the following diseases you have (had)?: Osteoporosis (reduced
bone mineral density).”
Parkinson’s disease
Question: “Could you indicate which of the following diseases you have (had)?: Parkinson’s disease.”
Rheumatoid arthritis
Question: “Could you indicate which of the following diseases you have (had)?: Rheumatoid arthritis (joint
inflammation).”
Schizophrenia
Question: “Could you indicate which of the following diseases you have (had)?: Schizophrenia.”
Stomach ulcer
Question: “Could you indicate which of the following diseases you have (had)?: Stomach ulcer.”
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ABSTRACT
Background
Comorbidity is a major public health issue that challenges health care that is configured around single
diseases
Aim
To provide an overview of frequent disease combinations of one and two additional chronic disease
(groups) among patients with cardiovascular disease (CVD) in primary care.
Methods
We used electronic medical record data of 226,670 patients registered in general practices in 2015 and
2016 in the Utrecht area, the Netherlands. Prevalences and combinations of one and two comorbid
conditions were determined in age and sex strata in four CVD patient populations: heart failure, peripheral
arterial disease (PAD), coronary heart disease (CHD) and cerebrovascular disease (CVA). Using logistic
regression analyses, we examined whether comorbid conditions were significantly more prevalent in
patients with the specific CVD compared to those without the CVD.
Results
Low vision, diabetes mellitus, back/neck problems, osteoarthritis, COPD and cancer were the most
prevalent non-CVDs and ranked the top 5 of non-cardiovascular comorbid conditions in all different CVDs,
irrespective of age and sex. Of these, diabetes, COPD and low vision were significantly more prevalent
in all four CVDs compared to patients without the respective disease. Over the life span, the majority of
the comorbid conditions were most prevalent in patients with heart failure, directly followed by PAD and
somewhat less prevalent in CHD and CVA.
Conclusions
Comorbid conditions are very common in patients with CVD. General practitioners may fulfil an important
role in guidance of patients with comorbidity in a health system that is single-disease oriented and divided
in different specialities.
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INTRODUCTION
In the last decades, better primary prevention and improved medical care resulted in a continuing decline
in age-specific cardiovascular mortality.1 Consequently, more patients with cardiovascular disease have
a higher life-expectancy and are confronted with other comorbid conditions.The presence of one or more
co-occurring chronic diseases next to an index disease is defined as comorbidity.2 Comorbidity could
potentially lead to poorer functional status, lower quality of life and even increased mortality.3,4 Next to the
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effects on the patient, suffering from multiple chronic diseases also presents challenges for health care
systems, such as primary care, as these systems are traditionally configured around single diseases. This
fragmented point of view can potentially lead to conflicting medical advice and interacting medication.5
Because comorbidity is nowadays considered rather rule than exception, increasing awareness and
improving guidance of patients with comorbid conditions is crucial in order to prevent adverse health
outcomes, to increase efficiency and reduce costs. Despite the large numbers of people with complex
needs and the acknowledgement of its effect on health care, current evidence is lacking whether the
prevalence of different combinations of comorbid conditions differs between men and women and how
the prevalence of comorbid conditions changes over the life span. In addition, most studies investigated
disease pairs,3,6 whereas patients with cardiovascular disease have often more than two comorbid
conditions.7,8 The objectives of the present study were to describe the prevalence and associations of
comorbid conditions in patient with CVD in strata of age and sex. Results from this study and other studies
can be used to identify and prioritize combinations of diseases. Insight in these phenomena can assist in
improving healthcare management for patients with multiple diseases and target health care resources.
METHODS
Study design and data source
We used data from the Julius General Practitioners’ Network (JGPN)- database. The JGPN-database
contains anonymously extracted electronic medical records from all patients registered in 53 general
practices in the Utrecht area, the Netherlands. In the Netherlands, all inhabitants (except
institutionalized elderly in nursing homes) are obliged to be registered in a general practice. The general
practitioner acts as gatekeeper to hospital and specialized care. Hence, Dutch general practice data is
likely to be a complete reflection of the health status of the population. The JGPN population is
considered representative of the Dutch population with regards to gender and age9.This study was
conducted in accordance with the privacy legislation in the Netherlands and the regulations of the Dutch
Data Protection Authority.
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Study population
The present study used data from 226,670 persons of 18 years and older who were registered for at
least one year after January, 1st 2015. Diagnoses were coded by the general practitioner according to
the International Classification of Primary Care (ICPC). The electronic medical record data of the
patients were screened for the presence of different diagnostic codes from January 1st 2008 onwards
or from the date the patient was registered in the GP practice if the patient was enrolled after January
1st 2008. We established whether the patients had any of the following cardiovascular diseases: heart
failure (ICPC: K77), peripheral arterial disease (PAD, ICPC: K92, K99.01-K99.03), coronary heart
disease (CHD, ICPC: K74 - K76) or cerebrovascular accident (CVA, ICPC: K90). Henceforth, we will
refer to the specific CVD for which the patient was included into our study sample as ‘index disease’.
We made a distinction between cardiovascular comorbidity and non-cardiovascular comorbidity.
Cardiovascular comorbid conditions included the same CVDs as the index diseases. Noncardiovascular comorbid conditions were selected based on a standard list of chronic diseases for
primary care.10 We established whether the patients had any of these diseases , which included asthma
(ICPC: R96), back/ neck problems (including hernia, spondylarthritis and scoliosis, ICPC: L83-L86),
cancer (ICPC: A29, B72, B73, D74, D75, D77, L71, N74, R84, R85, S77, T71, U75 – U77, W72, X75
– X77, Y77), Chronic Obstructive Pulmonary Disease (COPD, ICPC: R91, R95), colitis (ICPC: D94),
Congenital abnormalities of the central nervous system (ICPC: N85), dementia (ICPC: P70),
depression (ICPC: P76), diabetes mellitus (ICPC: T90), epilepsy (ICPC: N88), hearing impairment
(ICPC: H84, H54), HIV/AIDS (ICPC: B90), intellectual impairment (P85), low vision (retinopathy,
macular degeneration, glaucoma, cataract, blindness, ICPC: F83, F84, F92, F93, F94), multiple
sclerosis (ICPC: N86), osteoarthritis (L89-L91), osteoporosis (L95), Parkinson’s disease (N87),
rheumatoid arthritis (L88), schizophrenia (P72) and tuberculosis (A70).
Analyses
First, we described characteristics of the total study population and in those with at least one of the
cardiovascular index diseases. We examined the prevalence of the different cardiovascular and noncardiovascular chronic diseases among the four patient groups with an index disease. To investigate
whether these comorbid conditions were more prevalent among patients with a specific index disease
compared to patients without the respective disease, we calculated Odds Ratio’s with corresponding
95% confidence intervals using logistic regression analyses adjusted for age and sex. The comparison
groups involved the total study population minus the patients with the respective disease. If a patient
had more than one index disease, e.g. heart failure and coronary heart disease, the patient was
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included in both index disease groups. In addition, we examined the prevalence of having
cardiovascular and non-cardiovascular comorbid conditions among the four index disease groups in
strata of age and sex. Age groups were 18-54, 55-74, 75-84 and 85 years and older. All analyses were
performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).

2.2

RESULTS
In the total cohort of 226,670 patients, we identified 15,787 patients with cardiovascular disease,
comprising 9,487 patients with coronary heart disease, 3,290 patients with heart failure, 3,261 patients
with cerebrovascular disease and 2,846 patients with peripheral arterial disease (Table 1). The mean
age was 68 (SD: 13) for men with cardiovascular disease , 71 (SD:15) for women with cardiovascular
disease, whereas the total population was much younger (mean: 46 (18)). Coronary heart disease was
the most common cardiovascular disease, with a prevalence of 4% in the total population, 66% and
53% amongst men and women with cardiovascular disease, respectively. The median follow-up time
similar for all groups (Table 1).
Non-cardiovascular comorbidity
Low vision, diabetes, back/neck problems, osteoarthritis, COPD and cancer were the most common noncardiovascular diseases and were among the top 5 of non-cardiovascular comorbid conditions in all
groups of CVD patients (Figure 1 A and B). Of these, diabetes, low vision, COPD and asthma were
significantly more prevalent in all cardiovascular diseases compared to patients without the respective
cardiovascular disease in age and sex adjusted analyses. In addition, asthma was also significantly more
common in those with cardiovascular disease. In patients with cerebrovascular disease, the prevalences
of most comorbid conditions appeared to be somewhat lower compared to the patients with other index
diseases. Though, epilepsy was more prevalent in patients with cerebrovascular disease with a
prevalence of 6% (Figure 1 B), compared to a prevalence of less than 2.5% in the other index diseases.
Osteoarthritis was a highly prevalent comorbid condition with a prevalence of 32% among patients with
heart failure (Figure 1 A). When all musculoskeletal diseases (back/neck problems, osteoarthritis,
osteoporosis and rheumatoid arthritis) were grouped, this percentage increased to even 52%. The
prevalence of a number of non- cardiovascular comorbid conditions appeared to the highest for patients
with heart failure compared to other cardiovascular diseases (Figure 1 A).
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Table 1. Characteristics of all participants, in strata of CVD
All participants
Number of patients
Age, median (IQR)
Follow-up time in years, median
Coronary heart disease
Heart failure
Cerebrovascular disease
Peripheral arterial disease
Asthma
Back/neck
Cancer
Congenital abnormalities CNS
Colitis
COPD
Dementia
Depression
Diabetes
Epilepsy
Hearing
HIV/Aids
Intellectual disability
Low vision
Multiple sclerosis
Osteoarthritis
Osteoporosis
Parkinson
Rheumatoid arthritis
Schizophrena
Tuberculosis

N
%
226,670
46 (18)
8.8 (5.5-8.8)
9,487 4%
3,290 2%
3,261 1%
2,846 1%
20,734 9%
26,136 12%
16,237 7%
138 0%
1,906 1%
8,163 4%
1,313 1%
16,682 7%
15,187 7%
1,949 1%
3,525 2%
332 0%
965 0%
16,037 7%
494 0%
15,553 7%
5,759 3%
694 0%
3,077 1%
1,021 1%
322 0%

Participants with CVD*
Men
Women
N
%
N
8,588
7,199
68 (13)
71 (15)
8.8 (8.6-8.8)
8.8 (8.4-8.8)
5695 66%
3792
1466 17%
1824
1665 19%
1596
1499 18%
1347
878 10%
1193
1741 20%
2132
1772 21%
1582
10 0%
3
95 1%
86
1410 16%
1228
243 3%
326
712 8%
928
2395 28%
1887
180 2%
146
553 6%
466
11 0%
2
37 0%
19
2220 26%
2338
12 0%
20
1419 17%
2278
270 3%
1115
139 2%
94
219 3%
358
40 1%
28
21 0%
12

%

53%
25%
22%
19%
17%
30%
22%
0%
1%
17%
5%
13%
26%
2%
7%
0%
0%
33%
0%
32%
16%
1%
5%
0%
0%

* heart failure, cerebrovascular accident, coronary heart disease and/or peripheral arterial disease
Abbreviations: CNS Central Nervous system; COPD Chronic Obstructive Pulmonary Disease; HIV/Aids Human
immunodeficiency virus/acquired immune deficiency syndrome; IQR interquartile range

Cardiovascular comorbidity
Coronary heart disease was the most common cardiovascular comorbid condition in patients with heart
failure (38%), PAD (26%) and cerebrovascular disease (19%) (Figure 1 A and B). In patients with
coronary heart disease, heart failure was the most common cardiovascular comorbid condition (13%). All
cardiovascular comorbid conditions were more prevalent in those with the cardiovascular disease
compared to patients without the respective cardiovascular disease in age and sex adjusted analyses.
Heart failure patients had the highest prevalences of cardiovascular comorbid conditions, followed by
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PAD. 27% of the patients with heart failure had both a cardiovascular comorbid condition and a
musculoskeletal disease, compared to 18%, 16% and 12% in patients with peripheral arterial disease,
cerebrovascular disease and coronary heart disease, respectively (Figure 1 A and B).
Comorbid diseases over the life course in men and women
Low vision, diabetes, back/neck problems, osteoarthritis, COPD and cancer were also the most common

2.2

non-cardiovascular comorbid conditions in our data stratified for age and sex (Table 2). Only asthma and
depression were included in the top 5 in the youngest age group (18-54). This also applied to epilepsy in
patients with cerebrovascular disease. Cancer was more prevalent in the age groups over 75 years. Over
the life span, the majority of the diseases were most prevalent in HF, directly followed by PAD and little
less prevalent in coronary heart disease and cerebrovascular disease. The most notable difference
between men and women is that musculoskeletal diseases were more prevalent in women (Table 2).
Figure 1A
Heart failure

Peripheral arterial disease
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Figure 1B
Coronary heart disease

Cerebrovascular disease

Figure 1A + B. Cluster diagram of the most common comorbid condition in patients with HF, PAD (Figure 1 A) CHD
and CVA (Figure 1 B) Within the circles one finds the crude prevalence and the odds ratio with corresponding 95%
confidence intervals of the respective disease adjusted for age and sex. For example, 36% of the patients with heart
failure have diabetes. This corresponded to a significant odds ratio of 1.8 (1.7-1.9). Percentages next to the lines that
connects the CVD comorbid disease group with other diseases or disease groups represents the prevalence of having
both a cardiovascular comorbid condition as well as the non-cardiovascular comorbid condition. For example, 19% of
the patients with heart failure have both an additional cardiovascular disease as well as an diabetes mellitus. Only
prevalences above 2.5% are shown. Circle size is proportional to the prevalence.
Abbreviations: CHD coronary heart disease; COPD Chronic Obstructive Pulmonary disease; CVA cerebrovascular
disease; DEM dementia; DEP depression; HF heart failure
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Top
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Top
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

55-74
HF
13% CHD
CVA

18-54
HF
CHD
CVA

Back/Neck 15% Diabetes
Depression 13% Back/Neck
Diabetes
13% COPD
COPD
5% Low vision
Cancer
4% Cancer
Low vision
4% OA
Depression
Asthma
Hearing loss
OP

23% Diabetes
19% COPD
15% Low vision
OA
Back/neck
Cancer
Asthma
Depression
OP
Epilepsy

55-74
PAD
32% CHD
CVA

Diabetes
Asthma
Back Neck
-

18-54
PAD
CHD
CVA
Low vision
Diabetes
COPD
Cancer
OA
Back/neck
Asthma
Hearing loss
Depression
Dementia

32%
24%
22%
21%
20%
15%
12%
9%
4%
4%

Low vision
Diabetes
Cancer
OA
COPD
Back/Neck
Hearing loss
Asthma
Depression
Dementia

Men
75-84
8% HF
31% CHD
10% CVA

42%
30%
26%
21%
19%
18%
16%
9%
4%
3%

Men
75-84
11% PAD
42% CHD
11% CVA

43%
41%
40%
28%
26%
26%
10%
8%
6%
6%

18-54
11% PAD
44% CHD
18% CVA

Low vision 46%
Diabetes
37%
Cancer
36%
OA
28%
Back/Neck 26%
COPD
21%
Hearing loss 15%
Dementia 12%
OP
9%
Asthma
9%

Diabetes
OA
COPD
Back/neck
Low vision
Asthma
Cancer
Depression
OP
RA

55-74
HF
4% CHD
3% CVA

31%
24%
23%
20%
16%
13%

55-74
PAD
15% CHD
CVA

Back/Neck 18% Back_Neck
Asthma
15% COPD
Depression 15% Diabetes
Cancer
6% OA
COPD
5% Cancer
OA
4% Low vision
Low vision
3% Asthma
Diabetes
3% Depression
RA
2% OP
RA

18-54
29% HF
45% CHD
15% CVA

Low vision 55% Asthma
Cancer
40% Back-neck
Diabetes
29% Diabetes
COPD
28% Depression
OA
27% Low Vision
Back-neck 19% Cancer
Hearing loss 15% Dementia 11% Asthma
10% OP
6% Peripheral arterial disease

85+
18% HF
38% CHD
13% CVA

49%
38%
34%
31%
25%
20%
17%
13%
7%
7%

85+
13% PAD
48% CHD
13% CVA

Heart failure

Low vision
OA
Diabetes
Back neck
Cancer
COPD
OP
Asthma
Depression
Hearing loss

32%
29%
27%
25%
24%
23%
17%
13%
12%
6%

Low vision
OA
Back_Neck
Cancer/Diabetes
Cancer/Diabetes
COPD
OP
Asthma
Hearing loss
Depression

Women
75-84
8% HF
21% CHD
6% CVA

42%
32%
29%
29%
28%
22%
19%
15%
14%
6%

Women
75-84
8% PAD
31% CHD
7% CVA

51%
41%
35%
32%
32%
29%
27%
18%
12%
12%

5%
34%
13%

Low vision 53%
OA
42%
Cancer
31%
Back/Neck 30%
Diabetes
29%
OP
25%
COPD
21%
Hearing loss 16%
Dementia 11%
Asthma
9%

24%
31%
15%

Low vision 49%
OA
47%
Cancer
31%
Diabetes
30%
Back/neck 28%
OP
23%
COPD
20%
Asthma
16%
Hearing loss 13%
Dementia 12%
85+
21% HF
285 CHD
12% CVA

52%
43%
38%
37%
33%
29%
25%
20%
12%
10%

85+
11% PAD
37% CHD
10% CVA

with heart
failure, with
peripheral
disease,
Table 2. Prevalence of cardiovascular comorbid conditions and top 10 most common non-cardiovascular comorbid conditions in patients
Comorbidity
in patients
CVD inarterial
primary
care
coronary heart disease and cerebrovascular disease. In strata of age and sex.

CVD-comorbidity

Non-CVD comorbidity

CVD-comorbidity

Non-CVD comorbidity
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Top
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

OA
Cancer
-

7.
8.
9.
10.

27%
18%
17%
16%
16%
12%
11%
10%
7%
5%

Low vision
Cancer
Diabetes
OA
Back/Neck
COPD
Dementia
Hearing loss
Asthma
Depression

Men
75-84
7% HF
10% PAD
18% CHD

29%
22%
18%
16%
15%
15%

Low vision
Diabetes
Cancer
OA
Back/Neck
COPD
Hearing loss
Asthma
11% 12%
Depression 9% Asthma
Hearing loss 4% Depression
RA
2% Dementia

Diabetes
Back/neck
Low vision
COPD
Cancer
OA

55-74
HF
- PAD
12% CHD

4%
4%
3%

55-74
HF
PAD
CVA

Depression 19% Diabates
Diabetes
13% Cancer
Back/Neck 13% Low vision
Epilepsy
9% COPD
Asthma
8% Back/Neck
COPD
5% OA
Depression
Asthma
Epilepsy
Hearing loss

18-54
HF
PAD
CHD

Back/Neck
Diabetes
Depression
Asthma
COPD
Low vision

Top
1.
2.
3.
4.
5.
6.

18-54
HF
PAD
CVA

Men
75-84
7% HF
8% PAD
5% CVA

Low vision
Cancer
OA
Diabetes
Back/Neck
COPD

56%
37%
30%
29%
23%
19%

Back/Neck
Asthma
Depression
Diabetes
COPD
OA

18-54
29% HF
12% PAD
13% CVA

42%
35%
30%
22%
20%
17%
11%
9%
9%
7%

Back/Neck
Asthma
Depression
Diabetes
Epilepsy
OA
-

18-54
30% HF
9% PAD
33% CHD

Low vision
53%
Cancer
38%
OA
28%
Diabetes
27%
COPD
20%
Back/Neck
19%
Hearling loss 14%
Dementia
12%
Asthma
12%
Depression/OP 5%

85+
15% HF
11% PAD
28% CHD

Hearing loss 17%
Cancer
10% Dementia
9% Low vision
5% Asthma
8%
5% Depression
5% CEREBROVASCULAR DISEASE

44%
33%
33%
25%
22%
21%

85+
19% HF
11% PAD
9% CVA

CORONARY HEART DISEASE

23%
19%
15%
11%
8%
6%

Diabetes
Back/Neck
OA
Low vision
Cancer
Depression
Asthma
COPD
OP
Epilepsy

Low vision
OA
Back/Neck
Diabetes
Cancer
OP

27%
27%
24%
22%
18%
17%
16%
15%
11%
6%

Low vision
OA
Back/Neck
Diabetes
Cancer
OP
COPD
Depression
Asthma
Dementia

Women
75-84
6% HF
5% PAD
12% CHD

31%
29%
27%
23%
19%
19%

Women
75-84
9% HF
6% PAD
5% CVA

46%
36%
31%
28%
27%
22%
16%
13%
12%
8%

Low vision
OA
Cancer
Back/Neck
Diabetes
Dementia
OP
Hearing loss
Depression
COPD

85+
13% HF
8% PAD
20% CHD

52%
43%
38%
35%
29%
21%

85+
19% HF
8% PAD
8% CVA

Low vision
OA
Back/Neck
Cancer
Diabetes
OP
Hearing loss
Cancer
19% COPD
20% 17%
Depression 15% Asthma
17% COPD
OP
14% Depression 10% Asthma
RA
5% Hearing loss 10% Dementia

Back/Neck
OA
Diabetes
Low vision
Asthma
COPD

55-74
HF
5% PAD
8% CHD

8%
4%
-

25%
23%
19%
16%
10%
9%

55-74
4% HF
5% PAD
5% CVA

52%
44%
26%
26%
26%
18%
17%
16%
13%
11%

25%
7%
23%

13%
13%
11%

52%
49%
33%
31%
29%
23%

34%
7%
12%
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DISCUSSION
In this study we observed that low vision, diabetes mellitus, back/neck problems, osteoarthritis, COPD
and cancer were the most common non-cardiovascular comorbid conditions among patients with heart
failure, PAD, coronary heart disease and cerebrovascular disease, irrespective of age and sex. Comorbid
conditions were most prevalent in patients with heart failure, whereas these appeared to be lower in

2.2

patients with cerebrovascular disease.
Previous studies confirm our finding that comorbid conditions are especially highly frequent among
patients with heart failure.8,11–13 Another study in the Dutch general population observed that patients
with heart failure had the highest prevalence of comorbidity compared to other cardiovascular diseases:
92% for heart failure and 81% for stroke and 80% for coronary heart disease.11 In addition, patients with
heart failure also have more often both a cardiovascular comorbid condition and a non-cardiovascular
comorbid condition simultaneously. In the current study, we showed a high prevalence of heart failure
combined with both a cardiovascular comorbid condition and a musculoskeletal disorder, and heart failure
combined with both an cardiovascular comorbid condition and asthma and/or COPD. Studies investigating
disease triplets are more scarce than studies investigating disease pairs. However, a study by Sinnige et
al. showed results in the same direction with high prevalences for heart failure-coronary artery diseaseCOPD and heart failure-coronary artery disease-osteoarthritis.12 Our study confirms findings of previous
studies that low vision, diabetes, back/neck problems, osteoarthritis, COPD and cancer are very common
non-cardiovascular diseases among patients with heart failure, CVD and CVA.11,12 We extended these
results by showing that these diseases were also the most common diseases in patients with PAD. In
addition, these diseases also appeared to be the most common non-cardiovascular comorbid conditions
in different age groups and affected men and women similarly. Musculoskeletal diseases were, however,
more prevalent in women compared to men which is also supported by previous literature.13,14 Low vision,
diabetes, COPD and asthma were significantly more prevalent in all cardiovascular diseases compared
to patients without the respective cardiovascular disease in age and sex adjusted analyses. These
diseases have in common that they share risk factor similar to cardiovascular disease. Patients with type
2 diabetes have a higher prevalence of traditional risk factors for cardiovascular disease such as
dyslipidaemia, abdominal obesity, smoking and physical inactivity. Next to these traditional risk factors
diabetes is possibly further associated with cardiovascular disease through a mechanism that include
long-term hypertension, chronic hyperglycemia, microvascular disease, glycosylation of myocardial
proteins, diabetic nephropathy and autonomic neuropathy.15 Similarly, COPD and cardiovascular disease
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also share risk factors such as smoking. It is suggested that COPD is additionally linked to heart failure
due to low-grade systemic inflammation,16 which may explain the high prevalence of COPD in patients
with heart failure in the current study. Our finding that low vision is significantly associated with
cardiovascular disease is in accordance with previous studies.17,18 Again, a suggested hypothesis for this
association is that they share risk factors such as smoking17. On the other hand, a previous study showed
a strong association between visual impairment and the 10-year risk for a first atherosclerotic disease
event even after adjustments for traditional risk factors. 18 Possibly a yet unknown pathological pathway
between visual impairment and cardiovascular disease exists. In the current study, we also observed a
strong relation between cerebrovascular disease and epilepsy. This finding is in accordance with previous
literature which showed that especially patients with a intracerebral hemorrhage have a high risk of
developing epilepsy.19
Eight in every 10 primary consultations account for patient with multiple diseases.20 However, guidelines
are usually focused on single diseases and do not provide guidance on how best to prioritize
recommendations for patients with comorbidity. Guidelines are predominantly based on trial populations
which are very different to the primary care population in terms of prevalence of comorbidity and age.
Additionally, disease management programs which are implemented for an increasing number of chronic
diseases including cardiovascular diseases and also largely focus on single diseases. However, treating
diseases in isolation when the patient actually has more diseases can potentially lead to burdensome
treatment or unfeasible health care use.21 Adequate treatment and management of patients with comorbid
conditions is complex. However, the continuous professional relationship with the patient, and their holistic
view makes the general practitioner (or in practice the nurse practitioner) the designated health care
professional to take a coordinating role in realizing a univocal strategy to treat all diseases. Some
strategies have been described how to treat and manage patients with complex care needs. For example,
The National Institute for Health and Care Excellence (NICE) guideline on multimorbidity offers guidance
on how to prioritize treatment, to establish which (non-pharmacological) treatment could best be initiated,
reduced or stopped.22 In addition, the general practitioner could target underlying risk factors that are
shared across the different comorbid conditions.23 Other practical approaches include longer consultation
time for patients with complex needs. A 10-15 minute consultation is considered too short to provide care
to patients with comorbid conditions.24 It seems plausible that longer consultation time could result in more
preventive health advices and increased patient satisfaction. A previous review on this subject showed
directions that longer consultations time resulted in more preventive advice being given, lower prescribing,
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and higher patient satisfaction. However, all incorporated studies in the review had methodological
weaknesses, hence, further study is still needed.25
Strengths of this study include the large sample size which enabled us to examine comorbidity in strata
of age and sex. Except for some elderly in nursing homes, all Dutch inhabitants are obliged to be
registered in a general practice. The general practice is the entry point for health care and acts as a

2.2

gatekeeper to specialized care. Hence, Dutch general practice data is likely to be a good reflection of the
health status of the population. However, it should be noted that a disease is only regarded as present,
when the patient actually visits the general practitioner and the general practitioner diagnoses the patient
with the respective disease. This may have led to an underestimation of the prevalence for conditions for
which patients may not consult their general practitioner, for example depression. Furthermore, because
elderly in nursing homes are usually not registered in a general practice, it is to be expected that a disease
like dementia is underrepresented.
In conclusion, these results demonstrate high prevalences of different comorbid conditions in patients with
CVD. General practitioners fulfil an important role in improving guidance of patients with comorbidity in a
health system that is single-disease oriented and organized in different specialties.
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ABSTRACT
Background
We determined trends over time in cardiovascular and non-cardiovascular comorbidity in patients
hospitalised for cardiovascular disease (CVD).
Methods
The Dutch nationwide hospital register was used to identify patients hospitalised for CVD during 20002010. Comorbidity was defined as a previous hospital admission for CVD other than the index CVD,
cancer, diabetes, musculoskeletal and connective tissue disorders, respiratory disorders, thyroid gland
disorders, kidney disorders and dementia in the five years previous to hospital admittance for the index
CVD. Trends were calculated in strata of age and sex and for different types of CVD: coronary heart
disease (CHD), cerebrovascular disease (CVA), heart failure (HF) and peripheral arterial disease (PAD).
Results
We identified 2,397,773 admissions for CVD between 2000-2010. Comorbidity was present in 38%. In
HF, PAD, CHD and CVA this was 54%, 46%, 40%, and 32%, respectively. Between 2000-2010, the
percentage of patients with comorbidity increased (+1.1%), this increase was most pronounced in patients
≥75 years (+3.0%). Cardiovascular disease was the most frequent comorbid condition, though became
less prevalent over time (men -5%; women: -2%), whereas non-cardiovascular comorbidity increased in
men (+4%), and remained similar in women (-1%). Cancer was the most common non-cardiovascular
comorbid condition and increased in men and women (men: +5%; women: +4%).
Conclusions
Comorbid conditions are highly prevalent in patients hospitalised for CVD, especially HF and PAD
patients. In older patients, prevalences increased over time. Cardiovascular diseases were the most
common comorbid condition, though the prevalence decreased over the study period whereas the
prevalence of cancer increased.
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INTRODUCTION
Cardiovascular disease (CVD) is the largest cause of mortality worldwide, despite a steady decline in agespecific cardiovascular mortality in Western societies over the last decades.1,2 Due to better primary
prevention, pharmacological and invasive treatments the risk of cardiovascular events as well as
cardiovascular mortality has declined.3,4 As a result, patients have their first cardiovascular event at an
older age and survive longer after their cardiovascular event and therefore have more time to ‘accumulate’
other diseases or new cardiovascular events in life. In addition, the life expectancy of patients with several
other diseases, e.g. HIV, haemophilia, certain types of cancer, has increased, leading to an increasing
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number of patients with a disease that now reach an age where they are at risk to suffer from a
cardiovascular event. These trends suggest that over time patients hospitalised for a cardiovascular event
become more complex in terms of concomitant diseases. A number of studies do show that a large part
of hospitalised CVD patients have other comorbid conditions next to their CVD.5–10 These studies
reported that between 43% to 90% of the patients with a cardiovascular event had other cardiovascular
or non-cardiovascular comorbid conditions including diabetes and chronic kidney disease.7–10 So far,
available studies mainly showed increasing proportions of patients with other cardiovascular comorbid
conditions over the study period, not taking other non-cardiovascular comorbid conditions into account.
Also, these studies did not detail results in strata of age and sex.
Our aim was to assess age and sex specific cardiovascular and non-cardiovascular comorbidity
prevalence for patients hospitalised for CVD between 2000 and 2010. In addition, we assessed trends by
sex and age for different types of CVD: coronary heart disease (CHD), cerebrovascular disease (CVA),
heart failure (HF) and peripheral arterial disease (PAD).
METHODS
Study sample
The registries and linkage procedures used in this cohort study have been previously described in detail.11
In brief, to identify all patients with a hospital admission for CVD from 2000 to 2010 in The Netherlands,
we linked data between the national Dutch hospital discharge register and the population register using a
record identification number. This number is assigned to each resident in the Netherlands with a unique
combination of birth date, sex and postal code (84% of the Dutch population). For every single year
between 2000 and 2010 we identified patients with a primary discharge diagnosis for any CVD, using the
International Classification of Diseases (ICD) 9 (see Supplement 1 for ICD codes). Henceforth, we will
refer to the specific CVD for which the patient was included into our study sample as ‘index disease’.
Index disease groups were: total CVD, coronary heart disease (CHD), cerebrovascular accident (CVA),
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heart failure (HF) and peripheral arterial disease (PAD). When a patient had more admissions for CVD in
a specific year, we selected only the last admission as index disease. Patients could be included more
than once in the total study sample if they were admitted for CVD in multiple years between 2000 and
2010. Linkage of data from the different registries was performed in agreement with the privacy legislation
in The Netherlands and complies with the Declaration of Helsinki.12 For this type of study no approval of
the ethics committee is necessary.
Comorbidity
As a measure of comorbidity we used previous hospitalisations for primary or secondary discharge
diagnoses for CVD other than the index CVD, cancer, diabetes, musculoskeletal and connective tissue
disorders, respiratory disorders, thyroid gland disorders, kidney disorders and dementia. Comorbidity was
defined as an admission for at least one of the eight conditions in the preceding five years before the
index admission. In addition, we distinguished between cardiovascular and non-cardiovascular
comorbidity. Cardiovascular comorbidity was defined as a previous admission for CVD other than the
index CVD, whereas non-cardiovascular comorbidity was defined as a previous admission for at least one
of the seven other comorbid conditions. The comorbid conditions and their ICD codes were selected
based on literature (Supplementary data 1 for corresponding ICD codes).13–16
Data analyses
We restricted our analysis to patients aged 25 and older. We first presented baseline characteristics as
absolute numbers and percentages for the total study population and for patients with and without
comorbidity separately. Next, we examined trends in the prevalence of comorbidity in the index disease
groups (overall CVD, CHD, CVA, HF and PAD) by age-and sex. Subsequently, in patients with
comorbidity, we examined the number of comorbid conditions (1,2 ≥3) by age and sex in 2000 and 2010.
Finally, we assessed the prevalence of cardiovascular comorbidity, non-cardiovascular comorbidity,
cancer, diabetes, musculoskeletal and connective tissue disorders, respiratory disorders, thyroid gland
disorders, kidney disorders and dementia in 2000 and 2010 for men and women in the different index
disease groups. In the overall CVD group, we also studied the change in the prevalence of the eight
comorbid conditions over time by age and sex. In post-hoc analyses we explored which type of cancers
increased. In patients with comorbidity, we calculated the percentages and the number of patients with
different cancers for the study years 2000 and 2010.
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We deliberately chose to focus on absolute differences and not statistical significance, because the large
sample size may produce low p-values even when absolute differences are small. All analyses were
performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Prevalence and trends in comorbidity in patients admitted for overall CVD
We identified 2,397,773 admissions for CVD between 2000 and 2010 within 1,687,696 unique patients.
The mean age was 64 (SD: 14) for men and 66 (SD: 16) for women. 38% had comorbidity (men 40% and
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women 37%). The prevalence of comorbidity was the lowest in patients aged 25 to 54 years (23%) and
the highest in patients aged 75-84 years (48) (Table 1). Figure 1 shows that, between 2000 and 2010,
there was an overall absolute 1.1% increase in the prevalence of comorbidity. In men and women older
than 75 years this percentage was 3.4%. In all age groups the prevalence of comorbidity was higher in
men compared to women. In patients with comorbidity, a large part(64%-78%) had one comorbid
condition next to their index disease. The number of comorbid conditions was higher in patients 75 year
and older compared to those younger than 75 years (Supplementary data 2).
Prevalence and trends in comorbidity in patients admitted for CHD, CVA, HF or PAD
Comorbidity was more common in patients admitted for HF (54%) and PAD (46%) than in patients
admitted for CHD (40%) and CVA (32%) (Table 1). Because the mean age of HF was higher (77 years
old) than the mean age of PAD, CHD and CVA (69, 66 and 70, respectively) we also investigated the
level of comorbidity by age group. Figure 2 shows that patients with HF until the age of 84 years most
often had comorbidity, followed by PAD, CHD and CVA in similar age groups. Patients 85 years and older
with HF, PAD or CHD had approximately the same prevalence of comorbidity. In both CHD, CVA, HF and
PAD patients aged 75 years and older the prevalence of comorbidity increased between 2000 and 2010.
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Table 1. CVD patients characteristics according to the presence of comorbidity between 2000-20101
No comorbidity

Comorbidity

Total

N (%)

N (%)

N

25-54

454,812 (77)

139140 (23)

593,952

55-64

322,871 (64)

183962 (36)

506,833

65-74

331,522 (56)

264983 (44)

596,505

75-84

275,537 (52)

256767 (48)

532,304

96,237 (57)

71942 (43)

168,179

Men

598,712 (61)

512327 (40)

1,296,102

Women

882,267 (63)

404467 (37)

1,101,671

Single/Widowed/Divorced

598,712 (60)

395440 (40)

994,152

Living with partner/Married

882,267 (63)

521354 (37)

1,403,621

1,281,946 (62)

802137 (39)

2,084,083

199,033 (63)

114657 (37)

313,690

1,480,979 (62)

916794 (38)

2,397,773

CHD

320,138 (60)

216361 (40)

536,499

CVA

189,469 (68)

87341 (32)

276,810

HF

68,052 (46)

81158 (54)

149,210

PAD

46,960 (54)

40500 (46)

87,460

Age group

85+
Sex

Marital status

Nationality
Dutch
non-Dutch
Type of CVD
Overall CVD

1Previous

hospital admission for CVD, cancer, diabetes, musculoskeletal and connective tissue disorders, respiratory

disorders, thyroid gland disorders, kidney disorders and dementia in preceding 5 years.
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Prevalence and trends in cardiovascular and non-cardiovascular comorbid conditions
In all index disease groups, CVD was the most common comorbid conditions (Table 2). In men the
prevalence of cardiovascular comorbidity was higher compared to women, whereas women had a higher
prevalence of non-cardiovascular comorbidity compared to men. In patients with HF, respiratory disease
was the most common non-CVD comorbid condition. In patients with PAD, the most common non-CVD
comorbid conditions were diabetes and cancer. In male patients with CHD or CVA the most common nonCVD comorbid conditions were cancer and respiratory disease while in women cancer, diabetes and
musculoskeletal and connective disorders were most prevalent.
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Compared to 2000, the prevalence of cardiovascular comorbidity was lower in 2010 in all CVD patients
(men: overall CVD: -5%; CHD: -6%; CVA: -5%; HF: -2%; PAD: -3%; women: overall CVD: -2%; CHD: 5%; CVA -4%; HF: -1%; PAD: -1%) (Table 2). In male patients, non-cardiovascular comorbidity increased
in all index diseases (overall CVD: +4%; CHD: +6%; CVA: +3%; HF: +4%; PAD: 5%). In female patients
non- cardiovascular comorbidity showed a mixed trend (overall CVD: -1%; CHD: +1%; CVA: -1%; HF:
-5%; PAD: +5%). In all index disease groups the prevalence of diabetes was lower in 2010 compared to
2000, especially in women. In contrast, the prevalence of a cancer increased between 2000 and 2010
(men: overall CVD: +5%; CHD: +5%; CVA +4%; HF: +5%; PAD: +7%; women: overall CVD: +4%; CHD:
+5%; CVA: +4%; HF: +3%; PAD: +6%) (Table 2). The largest increase was seen in both men and women
aged 65 to 74 (men: +6.5%; women: +7.0%). In the oldest age groups, the prevalence of dementia and
kidney disorders increased between 2000 and 2010. In patients aged 55 years and older there was an
increase in musculoskeletal and connective tissue disorders (Supplementary data 3).
Cancer comorbidity
Post-hoc analyses revealed that the rise of cancer as comorbidity was largely driven by the increase of
skin cancer. The prevalence of skin cancer in patients with comorbidity increased from 0.9% (613 patients)
in 2000 to 2.6% (2,556 patients) in 2010. Smaller rises were observed in prostate cancer (+0.4%), colon
cancer and breast cancer (both +0.3%). No changes were seen in leukemia, lymphomas and lung cancer
(all < 0.1% increase).
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Table 2. Prevalence of comorbid conditions according to sex and index disease in patients with
comorbidity1 in 2000 and 2010
Men

Women

2000 n %
Index CVD CVD

%

2010 n %

21,942

73% 32,184

71%

Non-CVD2 16,475 42% 24,973 46%

16,306

54% 24,200

53%

Cancer

5,429 14% 10,562 19%

5,121

17%

9,543

21%

Diabetes

4,078 10%

4,419

8%

4,525

15%

3,644

8%

Respiratory

5,113 13%

6,008 11%

3,324

11%

4,828

11%

Kidney

1,120

3%

2,016

4%

759

3%

1,287

3%

Dementia

106

0%

382

1%

140

1%

443

1%

Thyroid

339

1%

332

1%

1,025

3%

878

2%

3,447

9%

6,175 11%

4,746

16%

8,089

18%

11,084 87% 10,043 81%

5,618

81%

5,408

76%

CVD
Non-CVD2

4,456 35%

5,027 41%

3,335

48%

3,453

49%

Cancer

1,345 11%

1,951 16%

821

12%

1,198

17%

Diabetes

1,219 10%

1,014

8%

1,176

17%

611

9%

Respiratory

1,193

9%

1,056

9%

646

9%

673

10%

265

2%

364

3%

139

2%

167

2%

Dementia

11

0%

64

1%

14

0%

42

1%

Thyroid

66

1%

57

1%

188

3%

103

2%

Musc&Con

1,100

9%

1,410 11%

1,026

15%

1,256

18%

CVD

2,532 76%

3,519 71%

2,105

69%

3,047

65%

Non-CVD2

1,609 48%

2,541 51%

1,720

57%

2,627

56%

Cancer

624 19%

1,143 23%

543

18%

1,041

22%

Diabetes

430 13%

399

8%

499

16%

393

8%

Respiratory

437 13%

538 11%

289

10%

472

10%

65

2%

114

2%

Kidney

CVA

2000 n

32,648 83% 42,676 78%

Musc&Con
CHD

2010 n %

Kidney

75

2%

145

3%

64
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Continued

Dementia

26

1%

83

2%

36

1%

82

2%

Thyroid

27

1%

21

0%

116

4%

96

2%

296

9%

622 13%

486

16%

887

19%

CVD

3,265 85%

3295 83%

2,976

81%

3,128

80%

Non-CVD2

2,141 56%

2,247 60%

2,283

62%

2,232

57%

Cancer

563 15%

794 20%

493

13%

609

16%

Diabetes

686 18%

555 14%

978

27%

629

16%

Respiratory

970 25%

869 22%

693

19%

766

20%

Kidney

241

6%

397 10%

211

6%

312

8%

Dementia

23

1%

41

1%

38

1%

80

2%

Thyroid

59

2%

33

1%

160

4%

97

3%

233

6%

324

8%

522

14%

493

13%

Musc&Con
HF

Musc&Con
PAD

CVD

2,308 82%

1,933 79%

1,036

78%

881

77%

Non-CVD2

1,264 45%

1,228 50%

679

51%

638

56%

Cancer

426 15%

529 22%

181

14%

230

20%

Diabetes

397 14%

265 11%

249

19%

131

11%

Respiratory

366 13%

308 13%

151

11%

154

13%

Kidney

101

4%

153

6%

39

3%

67

6%

Dementia

12

0%

14

1%

n.a.3

13

1%

Thyroid

15

1%

n.a.3

200

7%

224

Musc&Con

9%

26

2%

21

2%

172

13%

170

15%

2.3

1Previous hospital admission for CVD, cancer, diabetes, Musc&Con, respiratory disorders, thyroid gland disorders,
kidney disorders and dementia in preceding 5 years. 2 Non-cardiovascular comorbid conditions combined: cancer,
diabetes, musculoskeletal and connective tissue disorders, respiratory disorders, thyroid gland disorders, kidney
disorders and/or dementia. 3 Not applicable due to privacy reasons.
Abbreviations:Musc&Con: musculoskeletal and connective tissue disorders.
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Figure 1: Trends in the prevalence of comorbidity1 in CVD patients for men (a), women (b) and men +
women (c) by age
a. Men
60%

∆ 2000 - 2010

50%

% comorbidity

40%
30%
20%
10%
0%

2000

2002

2004

2006

2008

<55

-0.9%

55-64

-1.0%

65-74

-0.6%

75-84

+3.1%

85+

+7.7%

2010

Year of admission

b. Women
60%

∆ 2000-2010

% comorbidity

50%
40%
30%
20%
10%
0%

2000

2002

2004

2006

2008

<55

+1.4%

55-64

-0.2%

65-74

-0.3%

75-84

+2.7%

85+

+4.9%

2010

Year of admission
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Continued
c. Men & Women
60%

% comorbidity

50%
∆ 2000 - 2010

40%
30%

All ages +1.1%

20%

75+

2.3

+3.0%

10%
0%

2000

2002

2004

2006

2008

2010

Year of admission

1Previous hospital admission for CVD, cancer, diabetes, musculoskeletal and connective tissue disorders, respiratory
disorders,
thyroid gland disorders, kidney disorders or dementia in preceding 5 years
DISCUSSION

In this nationwide study we observed an increase in the prevalence of comorbidity in patients admitted to
the hospital for CVD between 2000 and 2010, which was most pronounced in patients aged 75 and older.
In addition, we observed that the prevalence of comorbidity was the highest in patients with HF and PAD
compared to CHD and CVA. Both cardiovascular and non-cardiovascular comorbid conditions are very
common in patients hospitalised for CVD. Cardiovascular diseases were the most common comorbid
conditions, though the prevalence decreased over the study period whereas there was an increase in the
prevalence of cancer.
Prevalence and trends in comorbidity in patients hospitalised for CVD
A limited number of studies addressed the burden of comorbidity in patients admitted to a hospital for a
cardiovascular event. In a study with patients (mean age 70 years) hospitalised for acute myocardial
infarction (AMI), the prevalence of patients with at least one comorbid condition increased from 69% to
84% over a 17-year study period.9 Another study in patients hospitalised for stroke showed that the
percentage of patients (mean age women: 77 years, men: 71 years) with comorbidity increased from
41% in 1994 – 1998 to 47% in 2009 – 2011.8 In a study in female patients with acute coronary syndromes
(mean age 70 years), the prevalence of diabetes, hypertension, prior AMI and chronic renal failure was
measured in 2000 – 2004 and in 2006 – 2010. A significant increase in chronic renal failure and
hypertension and a smaller, non-significant increase in diabetes was observed.7 Since these studies used
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other sources to evaluate comorbid conditions, included different conditions and differed in age and sex
distribution of the study population, comparisons with the current study is challenging.
In the current study we also observed an increase in the prevalence in comorbidity in CVD patients,
however less pronounced as compared to the previous mentioned studies. Aspects relevant to explain
these differences include the somewhat lower age in the current study. The previous studies reported an
increase in patients with diabetes whereas we observed decreasing trends for previous hospital
admissions for diabetes from 2000 to 2010. This cannot be explained by decrease in diabetes patients in
the Netherlands since we know that the prevalence of diabetes patients increased in the Netherlands
during the same time period.17 Though, the downward trend in hospitalisation for diabetes may be
attributable to strongly improved diabetes care by general practitioners and diabetes nurses in primary
care. This may result in less complications for which hospitalisation was necessary.18 Alternatively, a shift
towards treatment in outpatient clinic settings may have affected the number of hospitalisations.
Furthermore, we observed a downward trend in cardiovascular comorbidity. This finding indicates that in
the latest study years, a larger proportion of the patients had a first cardiovascular event and a smaller
proportion of the patients had a cardiovascular re-event compared to the earlier study years. A possible
explanation for this trend could be the improved secondary prevention. Results for the Netherland from
the European Action on Secondary and Primary Prevention by Intervention to Reduce Events
(EUROASPIRE) study showed improved cardiovascular risk management for both medication usage and
cardiovascular risk factors including smoking between 1995/1996 and 2006/2007.19 The decline in
smoking, which is also seen in the general population,20 likely also explains the decline in the prevalence
of respiratory diseases in this study.
The results of the current study showed that patients aged 85 and older have less often comorbidity than
younger patients. A possible explanation for this remarkable finding might be that patients aged 85 and
older actually have more often comorbidity, but that these comorbid conditions are primarily treated in
primary care. Alternatively, the mean age at admission for CVD in this population was 64 for men and 66
for women. In order to be included in this study past the age of 85 required that the patient was still alive
and had a hospital admission for cardiovascular disease. This may resulted in a selected group with
relatively healthier patients compared to their younger counterparts, enabling them to become this old.
Comorbidity in patients with CHD, CVA, HF or PAD
Comorbidity was the most prevalent in patients with HF, followed by PAD and less common in patients
with CHD and CVA. This specific order was shown in different strata by age and sex. This result is in line
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with results of a previous Dutch study which compared the level of comorbidity in patients with HF, CHD
or CVA. In that study, level of comorbidity was measured by the presence of 29 diseases registered in
general practitioner’s records. The study showed that standardised prevalence of comorbidity was 92%
in patients with HF compared to 80% and 81% in patients with CHD and CVA, respectively. Compared to
CHD and CVA, HF patients had more often smoking related diseases like COPD.21 Moreover, we
observed the highest prevalence of respiratory disease in HF patients. Next to common shared risk factors
for respiratory disease and different types of CVD, it is suggested that respiratory diseases, like COPD,
are additionally linked to HF due to low grade systemic inflammation which might explain the high

2.3

prevalence of respiratory diseases in this specific type of CVD.22
In the current study, we also observed a higher prevalence of diabetes in PAD and HF patients compared
to patients with CHD or CVA. This result is in line with the previous mentioned Dutch study and with
findings from the from a large cohort of linked electronic health records the UK.21,23
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Figure 2: Trends in the prevalence of comorbidity1 for patients hospitalised for
CHD, CVA, HF and PAD by sex and age

60%
40%
20%
0%
CHD
CVA
HF

80%

80%

60%

60%

20%

20%
2000

2002

2004

2006

2008

0%

2010

2000

80%

80%

60%

60%

2004

2006

2008

2010

2002

2004

2006

2008

2010

2002

2004

2006

2008

2010

40%

40%

20%

20%

2000

2002

2004

2006

2008

0%

2010

2000

Women 65-74

80%

80%

60%

60%

% comorbidity

Men 65-74

40%

40%

20%
0%

2002

% comorbidity

Women 55-64

% comorbidity

Men 55-64

0%

% comorbidity

40%

40%

0%

PAD

% comorbidity

Women 25-54

% comorbidity

Men 25-54

20%

2000

2002

2004

2006

2008

2010

0%

2000

70

15399-Buddeke_BNW.indd 70

11-04-18 10:29

Trends in comorbidity in patients hospitalised for CVD

Continued
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1Previous hospital admission for CVD, cancer, diabetes, musculoskeletal and connective tissue disorders, respiratory
disorders, thyroid gland disorders, kidney disorders or dementia in preceding 5 years
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Increase in CVD patients with cancer
In all index diseases, age groups and in both sexes we found an increase in cancer as comorbid condition.
A possible explanation could be that due to ongoing progress in medical treatment, early detection through
screening and improved awareness most cancers have a prolonged survival24 which makes more patients
at risk of developing CVD. Moreover, a rise in shared risk factors for cardiovascular disease as well as
cancer, e.g. obesity and diabetes may also partially explain this rise.25 Alternatively, with more patients
being treated for cancer, more patients are at risk to develop CVD because of potentially cardiotoxic
cancer treatments.26 Post hoc analyses revealed that the rise of cancer as comorbid condition was for a
large part driven by the increase of skin cancer and colon cancer. These types of cancer have shown to
be increased in the general population as well, both in The Netherlands as well as in and in other Western
countries.17,27
Implications for medical care and research
The increased prevalence of comorbidity was most pronounced in the population aged 75 and older. To
our knowledge, differences in age groups in these trends have not been investigated in previous studies.
Our observation that the prevalence of comorbidity is especially increasing in older patients is particularly
relevant considering the ageing population. Like most Western countries, in the Netherlands it is expected
that the population aged 75 and older will more than doubled by 2040 and it is predicted that this will lead
to almost twice as much CVD patients.28 A relative small increase in the prevalence of comorbidity will
thus have a large public health impact.
In this study we showed that both cardiovascular as non-cardiovascular comorbid conditions are common.
Patients with non-cardiovascular comorbidity may therefore be treated by different specialists.
Furthermore, a patient with comorbidity likely has different treatments including polypharmacy and may
receive different lifestyle interventions. If not well communicated and coordinated patients have a higher
risk of drug interaction, conflicting medical advice, non-adherence, unnecessary hospitalisation and
decreased survival.8,29,30 Fragmented care is therefore a big threat for patients with comorbidity. Most
clinical guidelines are largely configured for single diseases and do not help patients and clinicians to
prioritise recommendations from different guidelines.31 This study endorses earlier calls to improve the
continuity and coordination of patients with comorbidity.29,32 To anticipate on increasing comorbidity,
closer collaboration between different medical specialists and general practitioners will increasingly be
needed in future care to achieve this goal.

72

15399-Buddeke_BNW.indd 72

11-04-18 10:29

Trends in comorbidity in patients hospitalised for CVD

Study strengths and limitations
Strengths of this study include the nationwide design with accompanying large sample size. We examined
different types of CVD and investigated age and sex differences. In addition, we examined the distribution
and change of cardiovascular comorbidity, non- cardiovascular comorbidity and for the other seven
comorbid conditions between 2000 and 2010. The validity of the linkage of registries in The Netherlands
has proved to be high.33–38
Limitations of our study arise from the nature of hospital administrative data. Using this type of data
probably resulted in lower prevalence estimates for diabetes, dementia and thyroid gland disorders as

2.3

these patients are primarily treated in primary care and outpatients clinics. In addition, hospital
administrative data can be influenced by changes in medical practice which could influence trends (e.g.
diabetes treatment to outpatients clinics) . In the case of diabetes, this likely led to a small underestimation
of the trend over time. From 2005 onwards the participation of hospitals in registering patients’ discharges
decreased from 100% coverage to 89% in 2010. As a result, we may not have identified all patients
admitted for CVD in the latter years and the absolute numbers of patients in these years may be somewhat
underestimated. Furthermore, we may not have identified all admissions for comorbidity in the latter years.
The increasing trend in the prevalence of comorbidity that we observed may therefore even be somewhat
stronger.
Conclusion
Both cardiovascular as well as non-cardiovascular comorbidity are common in CVD patients, especially
HF and PAD patients. Cardiovascular diseases were the most common comorbid conditions, though the
prevalence decreased over the study period whereas there was an increase in the prevalence of cancer.
The prevalence of comorbidity increased between 2000 and 2010. This increase is most pronounced in
older patients. As a result of the ageing population a relative small increase will have a large public health
impact.
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Supplementary data

Supplementary data 1. Selection of ICD-9 codes

Overall cardiovascular disease
017.2, 093, 228, 289.1 – 289.3, 390 – 459, 557,
745 – 747, 780.2, 782.3, 7825, 7826, 785,
786.50 – 786.59, 789.2, 794.30 – 794.39

2.3

Cardiovascular index diseases
Coronary heart disease
410-414

Heart failure
428

Cerebrovascular heart disease
430-438

Peripheral artery disease
443.9

Non cardiovascular comorbidities
Diabetes
250
Kidney disorders
584 – 589
Thyroid disorders
240 – 246
Cancer
140 – 239

Respiratory
480 – 488, 490 – 496
Dementia
290, 294, 331
Musculoskeletal and connective tissue
disorders
710 – 716, 717.3, 717.7, 718.5, 719.1 – 719.5, 720,
721, 722.4 – 722.6, 731.0 – 731.2, 732, 733.0,
733.5, 733.6
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Supplementary data 2. In patients with comorbidity, the number of different conditions in the preceding
5 years by sex and age1

1
Men

<75

2

≥3

2000

25,355 (73)

7,364 (21)

2,026 (6)

2010

33,761 (74)

9,122 (20)

2,675 (6)

9,423 (62)

4,356 (28)

1,547 (10)

2010

16,377 (63)

6,866 (27)

2,603 (10)

2000

15,400 (69)

5,229 (24)

1,586 (7)

2010

23,930 (74)

6,646 (20)

1,902 (6)

≥75 2000

10,631 (61)

4,988 (29)

1,781 (10)

2010

18,579 (66)

7,158 (26)

2,364 (8)

≥75 2000

Women <75

1Previous

hospital admission for CVD, cancer, diabetes, musculoskeletal and connective tissue disorders,
respiratory disorders, thyroid gland disorders, kidney disorders and dementia in preceding 5 years
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Supplementary data 3: Decrease/Increase in the prevalence of patients with comorbidity over the
study period in different age groups for men (a) and women (b) seperately in overall CVD

a. Men

25-54

55-64

65-74

75-84

85+

CVD

-2.8%

-6.2%

-6.4%

-3.3%

-1.0%

Non-CVD

2.2%

4.9%

4.3%

1.9%

-0.7%

Cancer

3.4%

5.1%

6.5%

5.0%

3.9%

Diabetes

-1.7%

-1.6%

-2.3%

-2.9%

-5.0%

Respiratory

0.8%

-1.1%

-3.0%

-4.8%

-2.8%

Kidney

-0.4%

0.5%

0.8%

1.4%

1.9%

Thyroid

0.0%

0.0%

-0.3%

-0.6%

-0.2%

RA

-0.2%

3.6%

3.4%

3.2%

1.3%

Dementia

0.0%

0.0%

0.3%

0.7%

1.1%

25-54

55-64

65-74

75-84

85+

CVD

-2.8%

-6.2%

-6.4%

-3.3%

-1.0%

Non-CVD

2.2%

4.9%

4.3%

1.9%

-0.7%

Cancer

3.4%

5.1%

6.5%

5.0%

3.9%

Diabetes

-1.7%

-1.6%

-2.3%

-2.9%

-5.0%

Respiratory

0.8%

-1.1%

-3.0%

-4.8%

-2.8%

Kidney

-0.4%

0.5%

0.8%

1.4%

1.9%

Thyroid

0.0%

0.0%

-0.3%

-0.6%

-0.2%

RA

-0.2%

3.6%

3.4%

3.2%

1.3%

Dementia

0.0%

0.0%

0.3%

0.7%

1.1%

2.3

b. Women

1Previous hospital admission for CVD, cancer, diabetes, musculoskeletal and connective tissue disorders,
respiratory disorders, thyroid gland disorders, kidney disorders and dementia in preceding 5 years.
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ABSTRACT
Purpose
Cardiovascular disease (CVD) is an important cause of death in breast cancer patients. This study
investigated trends in the risk of CVD in Dutch breast cancer patients and made a comparison with the
Dutch general female population.
Methods
163,881 women admitted for in situ (7.6%) or invasive (92.4%) breast cancer between 1996 and 2010 in
the Netherlands were identified in the Hospital Discharge Register (HDR). Data on CVD mortality and
hospitalization for CVD were obtained from the Cause of Death Registry and the HDR, respectively.
Standardized absolute risks of CVD mortality in women with and without breast cancer and hospitalization
for CVD after breast cancer were calculated for the years 1996-2010. The relative risk reduction or
increase between 1996 and 2010 was calculated. A cox proportional hazard analysis was applied to
calculate the age-adjusted relative risk of death from CVD within five years after each year of breast
cancer admission (1997-2010) compared to 1996.
Results
After median follow-up of 4.3 years, 5.6% patients died of CVD and 19.7% patients were hospitalized for
CVD. 93.4% of deaths from CVD occurred among patients over 60 years. The absolute ten-year CVD
mortality risk following breast cancer decreased from 56 per 1,000 women in 1996 to 41 in 2005 (relative
reduction of 27.8%). In the general population, the absolute ten-year risk of death from CVD decreased
from 73 per 1,000 women in 1996 to 55 in 2005 (relative reduction of 23.9%). The absolute risk of
hospitalization for CVD within the first year following breast cancer increased from 54 per 1,000 women
in 1996 to 67 in 2009 (relative increase of 23.6%). The relative risk of death from CVD was 0.58 (95%
confidence interval (CI) = 0.48-0.70) times lower for patients admitted for breast cancer in 2010 compared
to 1996.
Conclusions
Like in the general population, CVD mortality risk decreased in breast cancer patients between 1996 and
2010. Patients have a lower absolute risk of CVD mortality than the general population. Over time, the
absolute risk of CVD for hospitalization has increased and is considerable with 19.7% of women having
a CVD hospital admission.
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INTRODUCTION
Breast cancer is the most frequently diagnosed cancer among women worldwide.1 Breast cancer survival
is high in developed countries due to early detection and effective treatments.1-3 The combination of high
breast cancer incidence rates and high survival rates, has resulted in a large group of breast cancer
survivors.1 In 2012, there were over 3 million five-year breast cancer survivors worldwide.1 Many of these
survivors will die of other medical conditions than breast cancer. Cardiovascular disease (CVD) is an
important cause of death in the general population,4 and also in breast cancer patients.5
The risk of CVD is increased in breast cancer patients who have been exposed to cardiotoxic treatments
including anthracycline-based chemotherapy,6,7 trastuzumab,8 and radiotherapy.9-11 The highest risks of
treatment-induced cardiotoxicity are seen in patients with pre-existing CVD risk factors such as

3.1

hypertension and high age.12,13
Many efforts have been made to reduce the risk of CVD induced by breast cancer treatments. Cancer
therapies with a lower risk of cardiotoxicity are increasingly being chosen for patients with a high risk of
CVD if this does not impair cancer-specific outcomes.14,15 Cardiac monitoring before, during, and after
treatment with trastuzumab to detect reversible cardiotoxicity is standard of care.14,15 In parallel, breast
cancer patients have also been exposed to improvements in pharmacological prevention of CVD with
antihypertensive and statins, to anti-tobacco programmes, and campaigns focusing on the importance of
physical activity.16,17
The present study investigated trends in the risk of death from CVD and hospitalization for CVD in breast
cancer patients in the Netherlands, and made a comparison with the Dutch female general population.
METHODS
Study population
Data for the present study were obtained from the Dutch Population Register (PR), Hospital Discharge
Register (HDR), and the Cause of Death Registry. These registries were used to obtain data on
demographic characteristics (PR), to identify women admitted for breast cancer and subsequently CVD
(HDR), and to obtain data on causes of death, i.e. CVD, breast cancer, any cause (Cause of Death
Registry).
Details of the registries and linkage procedures used to obtain data for this study have been described
previously.18 Briefly, all registries have a unique record identification number, which is assigned to each
resident in the Netherlands. This number is a combination of birth date, sex and postal code, and is unique
for 84% of the Dutch population.19 HDR data was available from 1995 to 2010, and data from PR and
Cause of Death Registry were available until 2015. All linkages and analyses were performed in
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agreement with the privacy legislation in the Netherlands and performed in a secured environment of
Statistics Netherlands.
For the present study, women with a first hospital admission for in situ (ICD-9: 233, ICD-10: D05) and
invasive breast cancer (ICD-9: 174, ICD-10: C50) between 1996 and 2010 were identified. For every
identified woman with a breast cancer hospital admission, it was examined if she had a previous hospital
admission for breast cancer in the preceding year. In total, the breast cancer study population consisted
of 163,881 women, 12,378 (7.6%) were diagnosed with in situ and 151,503 (92.4%) with invasive breast
cancer. For comparison, women from the general population aged over 40 years were identified, ranging
from 3,661,141 in 1996 to 4,566,573 in 2010.
Outcome assessment
Patients were followed until December 31, 2015 for death from CVD and until December 31, 2010 for
hospitalization due to CVD. Causes of death were coded according to the International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10): death from CVD (A18.2, A52.0,D18, G45, I00 –
I99, K55, M30 – M31, P29.3, Q20-Q28, R00-R02, R07.1 – R07.4, R09.8, R16.1, R23.0, R55, R57.0, R58,
R59, R60, R94.3), death from breast cancer (C50, D05), and death from any cause. Causes of death
were based on the primary cause of death, i.e. the underlying disease that led to death. Hospitalization
due to CVD was coded according to ICD-9: 017.2, 093, 228, 289.1-289.3, 390-459, 557, 745-747, 780.2,
782.3, 7825, 7826, 785, 786.50-786.59, 789.2, 794.30-794.39.
Validation of breast cancer hospital discharge codes
A validation study was performed to assess the accuracy of breast cancer discharge codes notified in the
HDR. 90 patients with a breast cancer discharge code for invasive breast cancer (ICD-9: 174) or in situ
breast cancer (ICD-9: 233) at the University Medical Center Utrecht were randomly selected (five to six
patients per year from 1996 to 2010). Medical records of these patients were manually checked for
discharge ICD-9 code and discharge date.
Data analysis
Median (interquartile range (IQR)) was calculated to describe variables with skewed distribution. Time at
risk started at date of breast cancer admission until date of death, date of CVD hospitalization, or end of
study (December 31, 2010 for CVD hospitalization and December 31, 2015 for death), whichever occurred
first.
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Absolute risks were standardized according to the age distribution of women from the general population
aged 40 years and older in 1996, with five year age groups, and presented per year of breast cancer
admission (1996-2010). Absolute risk of death from CVD (per 1,000 women) was calculated within five,
seven, and ten years after year of breast cancer admission and reference year for women from the general
population. Absolute risk of CVD hospitalization (per 1,000 women) was calculated within one, three, and
five years after year of breast cancer admission. In addition, the underlying causes of hospitalization for
CVD were investigated to assess if they were attributable to heart failure and coronary heart disease as
cardiotoxic breast cancer treatments including radiation therapy,9,10 chemotherapy,20,21 trastuzumab,22,23
and aromatase inhibitors24 are associated with these outcomes. CVD mortality rates (per 10,000 personyears) were calculated within five and ten years after breast cancer admission by age group: <50, 50-64,
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≥65, and a cox proportional hazard model was used to estimate the age-adjusted hazard ratio (HR) of
death from CVD and death from breast cancer for each year (1997-2010) compared to 1996. All analyses
were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Most patients were 60 years or older at time of breast cancer admission (Table 1). After a median followup of 4.3 years (IQR = 1.7-8.0) following breast cancer, 5.6% of patients died of CVD, 19.7% of patients
were hospitalized for CVD, and 22.7% of patients died of breast cancer. Death from CVD mainly occurred
among patients aged 60 years or older (93.4%).
The absolute ten-year risk of death from CVD following breast cancer decreased from 56 per 1,000
women in 1996 to 41 per 1,000 women in 2005 (relative reduction of 27.8%, Figure 1). In the general
population, the absolute ten-year risk of death from CVD decreased from 73 per 1,000 women in 1996 to
55 per 1,000 women in 2005 (relative reduction of 23.9%). The absolute risk of death from CVD is lower
in women with breast cancer compared to women from the general population.
In breast cancer patients, the age-adjusted relative risk of death from CVD within five years was 0.58
(95% confidence interval (CI) = 0.48-0.70) times lower for patients admitted for breast cancer in 2010
compared to 1996 (Table 2). The relative risk of death from breast cancer was 0.49 (95% CI = 0.45-0.52)
times lower for patients admitted for breast cancer in 2010 compared to 1996. The ten-year CVD mortality
rate after a breast cancer admission in 2005 was 139 per 10,000 person-years for patients aged 65 years
or older, 11 per 10,000 person-years for patients aged between 50 and 64 years, and 3 per 10,000 personyears for patients younger than 50 years (Figure 2). Death from CVD after breast cancer admission
decreased among all age groups. The ten-year CVD mortality rate decreased from 218 per 10,000
person-years in 1996 to 139 per 10,000 person-years in 2005 (relative decrease of 36.2%) for patients
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aged 65 years or older, from 21 to 11 (relative reduction of 48%) for patients aged between 50 and 64
years, and from 5 to 3 (relative reduction of 44.1%) for patients aged younger than 50 years.
The absolute risk of hospitalization for CVD in the first year after breast cancer increased from 54 per
1,000 women in 1996 to 67 per 1,000 women in 2009 (relative increase of 23.6%, Figure 3). The increase
in hospitalization for CVD mainly occurred after 2001 and was attributable to high blood pressure (29%),
pulmonary embolism (15%), rheumatic heart disease/valve disease (8%), and heart failure (7%).
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Table 1. Cardiovascular disease hospitalizations and causes of death among 163,881 breast cancer
patients
Total breast

CVD

cancer

hospitalization CVD (%)

breast cancer

population (%)

(%)

(%)

100

19.7

5.6

22.7

In situ

7.6

6.6

5.3

1.6

Invasive

92.4

93.4

94.7

98.4

1996-1999

24.1

34.5

38.8

34.1

2000-2003

27.0

32.7

32.2

29.4

2004-2007

27.7

23.8

20.0

23.9

2008-2010

21.2

9

8.9

12.5

<50

22.4

12.9

1.3

23.6

50-59

26.3

20.2

5.3

23.3

60-69

23.9

26.6

17.7

21.5

70-79

18.0

27

39.9

19.1

>79

9.4

13.4

35.8

12.5

4.3 (1.7-8.0)

4.3 (3.3-10.0)

3.2 (1.1-6.6)

3.1 (1.2-6.2)

<1

16.6

23.6

16.2

21.6

1-4

39.1

41.4

39.2

45.4

5-9

29.1

24.9

29.5

23.3

>9

15.1

6.6

15.1

9.6

Percentage of total breast cancer

Death from

Death from

population*
Type of breast cancer

3.1

Calendar period of breast cancer
admission

Age at breast cancer admission in
years

Follow-up time in years
Median (IQR)
Follow-up time intervals in years

Abbreviations: CVD = cardiovascular disease, IQR = Interquartile range
* n = 163,881 (row percentage)
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Table 2. Relative risk of death from cardiovascular disease and breast cancer among 163,881 breast
cancer patients
Death from cardiovascular disease

Death from breast cancer

Year of breast cancer

Hazard ratio*

Hazard ratio*

admission

(95% confidence interval)

(95% confidence interval)

1996

1

1

1997

1.04 (0.88-1.23)

1.02 (0.96-1.09)

1998

0.91 (0.77-1.01)

0.92 (0.86-0.98)

1999

0.97 (0.82-1.14)

0.84 (0.79-0.90)

2000

0.79 (0.66-0.94)

0.75 (0.71-0.80)

2001

0.86 (0.73-1.02)

0.74 (0.70-0.79)

2002

0.81 (0.69-0.96)

0.73 (0.68-0.78)

2003

0.75 (0.63-0.89)

0.66 (0.62-0.71)

2004

0.73 (0.61-0.86)

0.71 (0.66-0.75)

2005

0.58 (0.48-0.70)

0.66 (0.62-0.70)

2006

0.63 (0.52-0.75)

0.63 (0.59-0.68)

2007

0.60 (0.50-0.75)

0.58 (0.54-0.62)

2008

0.62 (0.52-0.74)

0.54 (0.51-0.58)

2009

0.55 (0.46-0.66)

0.54 (0.50-0.58)

2010

0.58 (0.48-0.70)

0.49 (0.45-0.52)

*Hazard ratios are adjusted for age
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Figure 1. Age-standardized cardiovascular disease mortality in patients with breast cancer patients and
in women from the general population. Relative reduction (%) in cardiovascular disease mortality rates
within five, seven, and ten years after year of breast cancer admission of reference year between 19962010, 1996-2008, and 1996-2005 respectively (∆), for breast cancer patients and women from the general
population

3.1

Figure 2. Cardiovascular disease mortality rates by age among 163,881 breast cancer patients. Relative
reduction (%) in cardiovascular disease mortality rates within five and ten years after year of breast cancer
admission between 1996-2010 and 1996-2005 respectively (∆), for patients aged <50, 50-64, and ≥ 65
years.
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Figure 3. Age-standardized number of cardiovascular disease hospitalizations per 1,000 breast cancer
patients. Relative reduction (%) in cardiovascular disease hospitalizations within one, thee, and five years
after year of breast cancer admission between 1996-2009, 1996-2007, and 1996-2005 respectively (∆)

Validation of breast cancer discharge codes
In total, 90 patients were used for validation including five patients with in situ breast cancer. In all
patients breast cancer was confirmed in the respective hospital (Supplementary Table A). Six HDR
codes were slightly incorrect as the date of discharge differed with the correct date: one day (n = 1), two
weeks (n = 2), two months (n = 2), and five months (n = 1).
DISCUSSION

Like in the general population, the risk of death from CVD has decreased in breast cancer patients
between 1996 and 2010, and mainly occurred among patients aged over 60 years. Breast cancer
patients have a lower absolute risk of death from CVD than women from the general population. Over
time, the absolute burden of CVD in terms of hospitalization has increased and is considerable with
nearly one out of five women having a CVD hospital admission.
In developed parts of the world, including United States (US) and Europe, the absolute risk of death from
CVD have decreased.17,25 The decrease in deaths from coronary artery disease was for around 50%
attributable to the increased use of pharmacological treatments such as secondary prevention after heart
failure and myocardial infarction.26,27 The other half was explained by reductions in risk factors like
hypertension, hyperlipidaemia, smoking, and physical activity.26,27
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Similar to our study, Riihimäki et al. (2011) showed that the absolute risk of death from CVD is lower in
breast cancer patients than in women from the general population.28 They investigated the risk of death
from CVD using nationwide registration data and comparing all women diagnosed with breast cancer with
women from the general population without a breast cancer diagnosis.28 After a maximum follow up of 19
years, 27.1% of breast cancer patients died of CVD and 44.0% of women from the general population
died of CVD.28 This risk of death from CVD in patients and the general population reported by Riihimäki
et al. is higher than in our study, and this can be explained by the longer follow-up (1987-2006 versus
1996-2015) and the higher risks of CVD in the earlier years.28 Bradshaw et al. (2015) reported a higher
absolute risk of death from CVD in women with breast cancer (9.4%) than in women from the general
population (7.4%) after a maximum follow-up of 13.5 years (from 1996 to 2010).29 They also found a

3.1

higher relative risk of death from CVD in women with breast cancer after seven years following diagnosis
compared to women from the general population (HR = 1.8, 95% CI = 1.3-2.5), adjusted for age and CVD
risk factors.29 In that study, breast cancer patients were invited to participate, which may have resulted in
a selected study population of patients with good prognosis. Patients with a good prognosis have a higher
risk of death from CVD than patients with a poor prognosis as breast cancer is a competing risk.30
In the current study we found that death from CVD mainly occurred among older women with breast
cancer. This is in line with a study from Sweden on the prognosis of breast cancer patients.30 They showed
that 24% of women aged 65 years and above died of CVD within ten years after breast cancer.30 High
age is one of the most important risk factors of CVD,31 and therefore older women with breast cancer
have a higher risk of dying of CVD than younger women with breast cancer.14,15
The results of our study show that the absolute risk of hospitalization for CVD in the first year after breast
cancer increased with 23.6% between 1996 and 2009. Seven percentage of this increase was caused by
heart failure which is less than expected as heart failure shortly after therapy is a well-known side effect
of systemic treatment including trastuzumab8 and anthracycline-based chemotherapies.6,7 Trastuzumab
is a targeted therapy used to treat women with human epidermal growth factor receptor 2 (HER2) positive
breast cancer (approximately one in five patients).32 Since 2004, trastuzumab is used as adjuvant therapy
for early breast cancer.33 This therapy may have resulted in more hospital admissions for heart failure as
cardiotoxicity is its most concerning adverse effect in particular reduced left ventricular ejection fraction
and heart failure.34 The risk of heart failure is four times higher in patients treated with trastuzumab alone
and seven times higher in patients treated with anthracycline plus trastuzumab.35,36 Another 34% of the
increase in hospitalization for CVD was caused by high blood pressure. Blood pressure elevation is a
common side effect of cancer treatments with vascular endothelial growth factor (VEGF) signaling
pathway inhibitors as for example bevacizumab. Bevacizumab is used to treat metastatic breast cancer
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and was introduced in Europe after 2004.37,38 However, since an extremely small proportion of patients
are treated with bevacizumab, it is unlikely to explain the 34% increase in hospital admissions due to
hypertension. Pulmonary embolism explained 15% of the increased number of CVD hospitalizations, is
often caused by venous thromboembolism.39 The selective estrogen receptor modulator tamoxifen has a
thrombotic effect.40,41 A Danish study reported that women treated with tamoxifen had a higher risk of
pulmonary embolism during the first two years after exposure compared to women not receiving.40 Similar
results have been reported by Cuzick et al. (2007).41
We acknowledge that this study has limitations. For every woman with a breast cancer hospital admission
between 1996 and 2010, it was examined if she had a previous hospital admission for breast cancer in
the preceding year. This method reduced the percentage of women with a previous hospital admission
for breast cancer to 7%. Women who have been readmitted for breast cancer may have a worse breast
cancer prognosis and therefore a lower risk of death from CVD. The risk of hospitalization for CVD,
however, may be higher among these women with a readmission for breast cancer, as they may have
undergo previously (potential cardiotoxic) cancer therapy that resulted in CVD. From 2005 onwards the
participation of hospitals in registering patients’ discharges decreased from 100% coverage to 89% in
2010. As a result, it not all breast cancer patients in the Netherlands were identified. Furthermore, the
present study had no information on breast cancer characteristics and CVD risk factors other than age.
To conclude, the current study shows that the risk of death from CVD in breast cancer patients and in
women from the general population decreased in the last decades. Yet, we find an increase in the number
of CVD hospitalizations after breast cancer. Future studies should investigate whether the increase in
CVD hospitalizations within the first year continues to rise and assess the underlying processes of this
increase in more detail.
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Supplementary table A. Validation of breast cancer discharge codes of the Dutch Hospital Discharge
Register among 90 patients
%
Known with breast cancer?
Yes

100.0

No

0.0

Discharge diagnosis correct?
Yes

93.7

No

6.6

Reasons for incorrect discharge codes (n = 6)
Date of discharge differed one day

1.1

Date of discharge differed two weeks

2.2

Date of discharge differed two months

2.2

Date of discharge differed five months

1.1
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ABSTRACT
Objectives
Cardiovascular disease (CVD) is of increasing concern among breast cancer survivors. However,
evidence on ethnic differences in CVD among women with breast cancer is sparse. We assessed ethnic
differences in cardiovascular morbidity and mortality among breast cancer patients in the Netherlands.
Methods
A nationwide register-based cohort study comprising all women with a first admission for breast cancer
(n=127,714) between 1996 and 2010 in the Netherlands was conducted. Differences in CVD admission,
CVD mortality and overall CVD event, which comprised a CVD admission and/or CVD mortality, between
the largest ethnic minority groups (Surinamese, Moroccan, Turkish, Antillean, and Indonesian) and the
Dutch general population (henceforth, Dutch) were investigated using Cox proportional hazard models.
Results
The incidence of cardiovascular outcomes varied by ethnic group. The incidence of an overall
cardiovascular event was significantly higher for women with breast cancer from Suriname (HR=1.46;95%
CI 1.29–1.64) and Turkey (HR=1.25;95% CI 1.03–1.51), compared with Dutch women with breast cancer.
In contrast, Indonesian women with breast cancer had a significantly lower risk (HR=0.88; 95% CI 0.81–
0.96) of a cardiovascular event compared with Dutch women with breast cancer. There were no
significantly differences between Moroccan and Antillean women, and Dutch women with breast cancer.
Conclusions
Our findings suggest that Surinamese and Turkish women with breast cancer are disadvantaged in terms
of cardiovascular outcomes compared with Dutch women with breast cancer. More work is needed to
unravel the potential factors contributing to these differences.
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INTRODUCTION
Due to earlier diagnosis and more effective treatment, the survival rate among breast cancer patients has
now improved resulting in a growing population of breast cancer survivors. In The Netherlands, the 5year-age-standardized survival rate has increased from 80% in 1995-99 to 85% in 2005-09.1 With breast
cancer becoming a curable disease, comorbidities and death from other conditions among breast cancer
survivors are of increasing concern.
One of the most important comorbidities to consider in women with breast cancer is cardiovascular
disease (CVD), and with the growing number of breast cancer survivors, a better understanding of the
risk of CVD in this group is crucial. Studies show that women surviving breast cancer have an increased
risk of CVD morbidity and CVD-specific mortality compared with women without breast cancer.2,3
Moreover, among breast cancer survivors, CVD-related mortality is becoming more common than breast

3.2

cancer-specific mortality.4,5 This may be partially attributable to cardiotoxic effects of breast cancer
therapy.6,7 Further, survivors are typically older than the general population and may be more likely to
develop CVD because of risk factors common to both cancer and CVD.8
Evidence suggests ethnic inequalities in the prognosis of breast cancer with a higher risk of breast cancerspecific and overall mortality among some ethnic minority groups.9,10 However, although ethnic variation
in cardiovascular outcomes in the general population exists,11,12 the evidence among breast cancer
patients is limited. Data from the US show that African American and Pacific Islander women with breast
cancer had an increased risk of dying from CVD compared with White American breast cancer patient.4,13
However, ethnic compositions and the national context vary across countries and, to our knowledge, no
European study has examined the risk of CVD related outcomes in different ethnic groups among breast
cancer patients. Hence, the aim of this study was to explore differences in overall CVD event, CVD
admission and CVD mortality following a diagnosis of breast cancer between the largest ethnic minority
groups in the Netherlands compared with ethnic Dutch.
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METHODS
Study sample
This register-based cohort study builds on data from different Dutch nationwide registers. The registries
and linkage procedures used in this cohort study have previously been described in detail.14 In brief, we
linked data between the national Dutch hospital discharge register, the population register and the cause
of death register using a record identification number. This number is assigned to each resident in the
Netherlands with a unique combination of birth date, sex and postal code (84% of the Dutch population).
The Dutch national hospital discharge register and cause of death register were linked to identify all
women with a first admission for breast cancer between 1996 and 2010, using the International
Classification of Diseases (ICD) 9th revision and ICD 10th revision. Both patients with invasive (ICD-9: 174
and ICD-10: C50) and in situ breast cancer (ICD-9: 233 and ICD-10: D05) were identified and men were
excluded. Data from the population register and the cause of death register were available until 2012 and
data from the Dutch hospital discharge register were available until 2010. Individuals were followed from
the date of their first breast cancer admission until (a) CVD admission, (b) CVD death, (c) death due to
other causes, (d) first emigration or (d) study end (31.12.2012), whichever came first. Linkage of data
from the different registries was performed in agreement with the privacy legislation in The Netherlands.
All linkages and analysis were performed in a secured environment of Statistics Netherlands.
Ethnic group
Ethnic groups were constructed based on the country of birth of the resident and her parents, according
to the definition of Statistics Netherland.15 A woman was considered a migrant if she was born abroad or
at least one of the parents was born abroad. Women with both parents born in the Netherlands were
indicated as being Dutch. The major non-Western migrant groups residing in the Netherlands were
included, which are those born in Turkey, Suriname, Morocco, Indonesia, and the Netherlands Antilles.
Outcomes
CVD admission after a diagnosis of breast cancer was defined as all admissions with either the primary
or secondary cause of admission coded as ICD-9: 017.2, 093, 228, 289.1–289.3, 390–459, 557,745–747,
780.2, 782.3, 7825, 7826, 785, 786.50–786.59, 789.2, 794.30–794.39. Cardiovascular mortality was
defined as dying from a cardiovascular cause after a diagnosis of breast cancer. Overall cardiovascular
event combined the two outcomes and comprised a hospital admission for CVD, and/or a dying from a
cardiovascular cause.
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Data analyses
We first presented baseline characteristics as absolute numbers and percentages according to ethnic
group. Continuous variables were summarized as mean and standard deviation or as median and
interquartile range where appropriate. Subsequently, we calculated hazard ratios (HR) and corresponding
95% confidence intervals (95% CI) using cox proportional hazard regression analyses to assess ethnic
differences in overall cardiovascular events, and separately for hospital admission for CVD and
cardiovascular mortality between ethnic minority groups and the Dutch (reference group) with adjustment
for age, year of admission and type of breast cancer. Cox proportional hazard assumptions were checked
and met. All analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
RESULTS

3.2

Table 1 presents the characteristics of the study population by ethnic group. In total, 127,714 women with
a first admission for breast cancer between 01.01.1996 and 31.12.2010 were included in the study, of
which 5% belonged to an ethnic minority group (Table 1). Dutch women were in general followed for a
longer period than the ethnic minority groups. Among migrants, the Antilleans presented the smallest
group and the Indonesians the largest group. In general, the ethnic minority groups were younger than
the Dutch population when diagnosed. During follow-up, 19% of the Dutch population experienced a
hospital admission due to CVD, whereas among the ethnic minorities the proportion of CVD admission
ranged from 9% for Moroccans to 19% for Surinamese women. 31,203 women with breast cancer died
during follow-up, of which 25% were due to a cardiovascular cause.
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Table 1. Demographic and disease characteristics of women admitted for breast cancer between 1996

and 2010 in the Netherlands according to ethnic group
Ethnic Dutch
N%
No. of patients

Antillean
N%

Indonesian
N%

454 (100)

60.4 (13.3)

52.8 (11.8)

57.0 (13.1) 47.0 (10.7)

52.8 (12.7) 49.5 (11.4)

5,029 (4.2)
31,731 (26.3)
46,671 (38.6)
37.378 (30.9)

53 (11.7)
197 (43.4)
169 (37.2)
35 (7.7)

206 (6.0) 230 (25.0)
1,262 (36.5) 476 (51.8)
1,199 (34.7) 185 (20.1)
790 (22.9)
28 (3.0)

172 (12.7) 125 (17.3)
582 (43.1) 336 (46.4)
421 (31.2) 225 (31.1)
176 (13.0)
38 (5.2)

5.7 (6.8)

4.1 (5.4)

Breast cancer diagnosis
In situ
Invasive

9,774 (8.1)
111,035 (91.9)

45 (9.9)
409 (90.1)

Period of breast cancer
diagnosis (y)
1996-1999
2000-2003
2004-2007
2008-2010

28,869 (23.9)
32,196 (26.7)
33,385 (27.6)
26,359 (21.8)

66 (14.5)
121 (26.7)
139 (30.6)
128 (28.2)

Marital status
Single/ widowed/ divorced
Living with partner/ married

53,860 (44.6)
66,949 (55.4)

268 (59.0)
186 (41.0)

Hospital admissions
CVD
Heart failure
Myocardial infarction
Cerebrovascular
disease

23,431 (19.4)
3,426 (2.8)
1,482 (1.2)
3,529 (2.9)

68 (15.0)
11 (2.4)
<10a
<10a

Death during follow-up
Total deaths
Breast cancer cause
Cardiovascular cause
Other causes

29,966 (24.8)
12,279 (10.2)
7,438 (6.2)
10,249 (8.5)

101 (22.2)
64 (14.1)
<10a
<10

Attained age (y) end of
follow-up
≤ 44
45-59
60-74
≥ 75
Follow-up
time
median (IQR)

(y),

5.6 (6.6)

919 (100)

4.1 (5.0)

1,351 (100)

Turkish
N%

120,809 (100)

Mean age at diagnosis
(y), sd

3,457 (100)

Moroccan Surinamese
N%
N%

4.61 (6.1)

724 (100)

4.7 (5.7)

336 (9.7)
91 (9.9)
131 (9.7)
62 (8.6)
3,121 (90.3) 828 (90.1).1 1,220 (90.3) 662 (91.4)

743 (21.5)
912 (26.4)
990 (28.6)
812 (23.5)

115 (12.5)
201 (21.9)
289 (31.4)
314 (34.2)

1,701 (49.2) 301 (32.8)
1,756 (50.8) 618 (67.2)

515 (14.9)
66 (1.9)
25 (0.7)
82 (2.4)

85 (9.2)
13 (1.4)
<10a
<10a

665 (19.2) 124 (13.5)
301 (8.7)
82 (8.9)
158 (4.6)
11 (1.2)
206 (6.0)
31 (3.4)

230 (17.0)
326 (24.1)
420 (31.1)
375 (27.8)

104 (14.4)
187 (25.8)
222 (30.7)
211 (29.1)

820 (60.7) 277 (38.3)
531 (39.3) 447 (61.7)

259 (19.2) 101 (14.0)
30 (2.2)
16 (2.2)
<10a
<10a
34 (2.5)
<10a
251 (18.6)
136 (10.1)
50 (3.7)
65 (4.8)

96 (13.3)
51 (7.0)
21 (2.9)
24 (3.3)

Abbreviations: CVD = cardiovascular disease, IQR = Interquartile range, y = years
a = Not given in line with the Dutch data protection guideline as the number of cases was less than 10
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Table 2. Unadjusted and adjusted hazard ratios (95% CI) for a cardiovascular event by ethnic group
Unadjusted

Adjusted

HR (95% CI)

HR (95% CI)

Dutch

1.00 (Ref.)

1.00 (Ref.)

Surinamese

1.03 (0.92-1.16)

1.46 (1.29-1.64)

Moroccans

0.51 (0.42-0.63)

1.01 (0.83-1.24)

Turkish

0.71 (0.59-0.86)

1.25 (1.03-1.51)

Antilleans

0.83 (0.66-1.04)

1.24 (0.98-1.56)

Indonesians

0.76 (0.70-0.82)

0.88 (0.81-0.96)

Ethnic group

3.2

Adjusted for age, year of admission and type of breast cancer

Table 2 shows the incidence of a CVD event, which comprises a hospital admission for CVD, and/or dying
from a cardiovascular cause, among breast cancer patients by ethnic group. Compared with Dutch women
with breast cancer, both Surinamese (HR=1.46;95% CI 1.29–1.64) and Turkish (HR=1.25;95% CI 1.03–
1.51) women with breast cancer had a higher incidence of CVD event after adjustment for breast cancer
diagnosis, period of breast cancer diagnosis and age. In contrast, Indonesian women with breast cancer
had a significantly lower risk (HR=0.88; 95% CI 0.81–0.96) of cardiovascular event compared with Dutch
women. For Moroccans and Antilleans there were no significantly differences from Dutch women.
Subsequently, we assessed cardiovascular admission and cardiovascular mortality separately. Table 3
shows the unadjusted and adjusted hazard ratios for a cardiovascular admission. Only women from
Suriname had a significantly higher risk (HR=1.45; 95% CI 1.28–1.64) of cardiovascular admission
compared with Dutch women with breast cancer, whereas women from Indonesia had a significantly lower
risk of a cardiovascular admission (HR=0.85; 95% CI 0.78–0.93). The unadjusted and adjusted hazard
ratios for cardiovascular mortality for the different ethnic groups are shown in table 4. The adjusted hazard
ratios for cardiovascular mortality were significantly higher for women from Suriname (HR=1.49; 95% CI
1.13-1.97) and Turkey (HR=1.96; 95% CI 1.28-3.01), compared with Dutch women, whereas there were
no significantly differences between women from Indonesia and Dutch women. For Moroccan and
Antillean women the numbers of deaths due to cardiovascular disease were too small to perform
analyses.
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Table 3. Unadjusted and adjusted hazard ratios [95% confidence interval] for a cardiovascular admission
by ethnic group
Unadjusted

Adjusted

HR (95% CI)

HR (95% CI)

Dutch

1.00 (Ref.)

1.00 (Ref.)

Surinamese

1.09 (0.96-1.23)

1.45 (1.28-1.64)

Moroccans

0.53 (0.43-0.66)

0.92 (0.75 -1.14)

Turkish

0.76 (0.63-0.93)

1.21(0.99-1.47)

Antilleans

0.89 (0.70-1.13)

1.24 (0.98-1.57)

Indonesians

0.75 (0.69-0.82)

0.85 (0.78-0.93)

Ethnic group

Adjusted for age, year of admission and type of breast cancer

Table 4. Unadjusted and adjusted hazard ratios for cardiovascular mortality by ethnic group
Unadjusted

Adjusted

HR (95% CI)

HR (95% CI)

Dutch

1.00 (Ref.)

1.00 (Ref.)

Surinamese

0.70 (0.53-0.93)

1.49 (1.13-1.97)

Turkish

0.55 (0.36-0.84)

1.96 (1.27-3.01)

Indonesians

0.76 (0.65-0.89)

0.99 (0.84-1.16)

Ethnic group

Adjusted for age, year of admission and type of breast cancer. The number of cardiovascular mortality for the
Antilleans and Moroccan women were too low.
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DISCUSSION
In this population-based cohort study of women with breast cancer in the Netherlands, the risk of
cardiovascular outcomes varied by ethnic group. Women from Suriname and Turkey had a higher risk of
a CVD event compared with Dutch women with breast cancer. When separating cardiovascular admission
and cardiovascular mortality, Surinamese women had a higher risk of both cardiovascular admission and
cardiovascular mortality, whereas Turkish women only had a higher risk of cardiovascular mortality
compared with Dutch women. In contrast, women from Indonesia with breast cancer had a lower risk of
cardiovascular event, and cardiovascular admission, but similar risk of cardiovascular mortality compared
with ethnic Dutch women with breast cancer. For Moroccan and Antillean women the risk of a
cardiovascular event did not differ from Dutch women with breast cancer.
Evidence shows that ethnic minority and migrant groups in general have a lower risk of breast cancer
compared with the majority population.16 However, the results of this study indicate that among breast
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cancer patients, some ethnic minority groups are disadvantaged in terms of cardiovascular outcomes
compared with Dutch women. The results of this study are in line with the sparse evidence on ethnic
differences in CVD mortality among breast cancer patients in the US, which also found some ethnic
minority groups to be disadvantaged in terms of cardiovascular mortality.4,13 For example, African America
women with ductal carcinoma in situ of the breast were found to have a higher risk of CVD death compared
with White American women diagnosed with ductal carcinoma in situ of the breast.4 However, even though
CVD have been shown to vary by ethnic group11,18 data among breast cancer patients in Europe have
been lacking. Previous European studies on ethnic disparities in breast cancer prognosis have mostly
focused on mortality after breast cancer diagnosis, and found that some ethnic minority groups have
higher overall and breast cancer-specific mortality.9,10,19 Our results thereby add a great value to the
existing literature by showing that women with breast cancer from Suriname and Turkey are
disadvantaged in terms of cardiovascular outcomes compared with Dutch women with breast cancer. The
higher incidence of CVD event among Surinamese women with breast cancer reflects the pattern of CVD
among Surinamese women in the general Dutch population. Previous studies of the general population
in the Netherlands showed that Surinamese women have a higher risk of both AMI and stroke compared
with Dutch women,20,21 as well as a higher 5-year CVD mortality after initial admission for CVD.22 Turkish
women with breast cancer were in the present study found to have a higher incidence of CVD event,
compared with Dutch women with breast cancer. However, this only partly reflects on the pattern among
Turkish women in the general population in the Netherlands. Previous studies of the general population
in the Netherlands did not find differences in the incidence of stroke or AMI among Turkish women
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compared with the Dutch majority women.20,21 However, when stratifying on age, a higher incidence of
AMI were observed in 50- to 70-year-old Turkish women compared with the Dutch majority women.20
The relatively low risk of CVD outcomes among Indonesian women with breast cancer are in contrast to
previous studies of the general Dutch population that found no differences in incidence of AMI and a
slightly higher risk of stroke among Indonesians compared with Dutch women.20,21 The reasons for the
better CVD prognosis among Indonesian breast cancer patients are unclear. However, Indonesians are
well integrated in the Dutch society with respect to language and culture and have similar income levels
and are employed at equal rates as the Dutch general population.23 This possibly results in better access
to health care services than other minority groups and may underlie the better cardiovascular health
outcomes among Indonesian women with breast cancer.
Possible explanations for the higher risk of cardiovascular events among Surinamese and Turkish breast
cancer patients may include disparities in access to health care services and a high risk factor burden
among these ethnic minorities in the Netherlands. Regular health visits are important for early diagnosis
of risk factors that can lead to CVD progression and it is possible that differences in health service
utilisation may contribute to the observed ethnic differences in CVD risk among breast cancer patients.
Evidence on health care utilization among breast cancer patients is scarce, but previous evidence of the
general population in the Netherlands suggests that some ethnic minority populations use more general
practitioner care than Dutch people do, but that they are less likely to use specialised care.24 Moreover,
ethnic differences in use of cardiac rehabilitation and lower adherence to medication therapy have been
shown.25-28 A Danish study found that immigrants from Pakistan and Turkey did not receive adequate
medical treatment with beta-blockers after a first AMI compared with Danish-born residents.26 In addition,
in the Netherlands, Surinamese people have been found to have poor blood pressure control compared
with their Dutch counterparts.28
The relatively high incidence of CVD admission and mortality among Turkish and Surinamese breast
cancer women may be explained by the high prevalence of cardiovascular risk factors in these
populations. The current study lacked information on CVD risk factor and we were therefore not able to
address the possible contribution of these to the observed ethnic differences. However, previous studies
of Surinamese and Turkish populations in the Netherlands showed that hypertension, diabetes mellitus
and obesity are more common among these populations compared with the Dutch general population.2831

As an example, a previous Dutch study showed that the prevalence of hypertension, the leading risk
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factor for CVD worldwide, was higher in both Turkish and Surinamese people than in Dutch people.28 In
addition, a study from the US, found that African American breast cancer patients have higher prevalence
of certain CVD risk factors, such as hypertension, diabetes and obesity, prior to initiating aromatase
inhibitory therapy, compared with White American breast cancer patients of the same age.32 Evidence
suggests that the presence of CVD risk factors among breast cancer patients at diagnosis is a strong
predictive factor for the development of cardiovascular damage associated with breast cancer therapy.33
The higher risk factor burden in some ethnic minority groups may therefore contribute to the higher
incidence of CVD in these groups.
Additionally, since the risk of CVD has been shown to vary according to breast cancer therapy,7,34 the
observed differences may be explained by variation in the treatment received by different ethnic groups.
In the current study, data on treatment was not available. However, studies from the US and UK have
reported that ethnic minority women were more likely to receive chemotherapy, which was largely
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explained by more advanced stage and higher grade tumours.35,36
Our findings have important clinical and public health implications because identifying breast cancer
patients who are most vulnerable to cardiovascular outcomes is important in order to guide strategies
among breast cancer patients. The findings suggest the need to increase attention for these women in
the cardiovascular risk factor management guidelines in the Netherlands and awareness of the observed
ethnic differences in the risk of cardiovascular outcomes among breast cancer patients should be raised
among clinicians and incorporated into oncology practices. The observed differences suggest the need
for further studies to identify factors explaining these differences. More specific, studies addressing the
potential contribution of both CVD risk factors and type of treatment to the observed ethnic differences
found in this study are needed. This will help to tailor appropriate public health and clinical interventions
to improve outcomes among breast cancer patients most at risk of adverse CVD outcomes.
The strength of the current study is the validity of the registries, the linkage methods, and the lack of
selection of the cohorts. A high validity of both the Dutch National Hospital Discharge Register and the
Dutch Population Register has been demonstrated. In a random sample of the Hospital Discharge
Register, 99% of the personal, admission and discharge data and 84% of the principal diagnoses
(validated through medical record review by medical specialists) were correctly registered.37 In addition,
over 97% of the uniquely linked hospital admissions resulting from linkage of the Hospital Discharge
Register with the Population Register were shown to be correctly linked.38
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Nonetheless, some limitations must be considered. First, although the study is based on a nationwide
cohort of breast cancer patients, absolute numbers are somewhat small when divided into different ethnic
groups. Consequently, the numbers were too small to investigate different kinds of CVD, which could
have afforded a more nuanced picture. Second, inherent to many national-level databases, we lack
detailed data on CVD risk factors, such as smoking, alcohol, cholesterol and obesity, and therefore we
were unable to do additional analyses to assess the contribution of these to the observed ethnic
differences. However, we were able to shed light on the potential contributing risk factors to the observed
differences due to previous studies on ethnic differences in risk factors in the Netherlands.28-31
Additionally, the study lack data on treatment of breast cancer. Since, CVD risk has been shown to vary
according to type of treatment,7-34 adjustment for treatment would have been preferable in order to assess
the potential impact of differences in treatment to the observed ethnic differences in CVD. Finally, as in
numerous studies, the classifications of the various ethnic groups were based on country of birth. Country
of birth may reflect ethnicity reasonably well among some ethnic groups but is likely to be an unreliable
proxy measure of ethnicity for other groups such as Surinamese.15 The results may be generalised to
other European settings with similar health care services and composition of ethnic groups.
The results of the current study suggest that the risk of CVD related outcomes among breast cancer
patients vary by ethnicity. Surinamese and Turkey breast cancer patients experienced a higher risk,
whereas Indonesian patients had a slightly lower risk of CVD event compared with their Dutch
counterparts. More extensive cohort studies are needed to identify the forms of CVD that are most
common in these groups as well as the potential factors contributing to these differences.
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ABSTRACT
Aims
Breast cancer patients treated with radiotherapy are at increased risk of a subsequent acute coronary
syndrome (ACS). We aimed to study if radiotherapy also influences the prognosis of these ACSs.
Methods
We selected patients diagnosed with ACS following radiotherapy from our hospital-based cohort of early
breast cancer patients aged <71 years, treated 1970-2009. Cardiovascular disease (CVD) incidence
and cause of death were acquired through questionnaires to general practitioners and cardiologists.
Highest heart doses in breast cancer radiotherapy are mostly caused by internal mammary chain (IMC)
irradiation. Hence, patients were compared based on receipt of IMC irradiation (IMC yes/no). Cardiac
death, death due to ACS and CVD incidence following ACS were evaluated using multivariable Cox
proportional hazard models and by estimating cumulative incidence.
Results
A total of 398 patients were included (62% with IMC irradiation, 38% without) with a median age of 67
years at ACS diagnosis. Median time between breast cancer and ACS was 15 years. Ten-year
cumulative incidence of cardiac death was 35% for IMC patients (95% confidence interval [CI] 29 – 41)
compared to 24% (95%CI 17 – 31) for patients with no IMC irradiation (p=0.04). After correction for
confounders, IMC irradiation remained associated with a higher cardiac death rate compared to no IMC
irradiation (hazard ratio [HR]=1.7, 95%CI 1.1 – 2.5).
Conclusion
IMC radiotherapy appears to increase the cardiac death rate following ACS. Although further studies are
needed, our results suggest that radiotherapy may not only increase the risk of ACS, but may also
worsen ACS prognosis.
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INTRODUCTION
Radiotherapy is one of the cornerstones of breast cancer treatment and has been proven to substantially
lower the risk of recurrence and to benefit survival.1-7 However, radiotherapy for breast cancer may expose
the heart to radiation8,9 and is known to be associated with an increased rate of cardiovascular disease
(CVD), among which acute coronary syndromes (ACS).10-17 The risk of ACS appears to increase linearly
with increasing mean heart radiation dose.18,19 In breast cancer radiotherapy, the heart is exposed to the
highest mean heart doses during irradiation of the internal mammary chain (IMC),20 and accordingly
strongest ACS risk increases are observed after IMC irradiation.12,13,21 Because of growing knowledge
about radiation-associated cardiotoxicity, during the last decades, radiotherapy techniques have been
developed to minimize cardiac exposure.20
Radiation exposure of the heart can induce damage to the micro- and macrovasculature, hereby initiating
the process of atherosclerosis and (vascular) fibrosis, which may lead to myocardial ischemia, and
subsequent ACS.22 Mouse models indicate that the mechanistic pathways behind radiation-induced
atherosclerosis might differ from age-related atherosclerosis.23-25 Hence, it is conceivable that also the
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ACS outcome subsequent to radiotherapy is different. After initial reperfusion treatment, the guideline
recommendations are to perform standard secondary prevention measures in order to reduce the risk of
re-infarction or death. 26-27 History of radiation exposure to the heart is currently not included in CVD risk
assessment, as until now no studies have investigated the outcome of ACS after exposure of the heart to
radiation as part of (breast) cancer treatment. Therefore, we assessed the effect of previous radiotherapy
with or without IMC irradiation on the prognosis of ACS in breast cancer survivors.
METHODS
Design and study population
We conducted a retrospective cohort study on prognosis of female patients diagnosed with ACS following
radiotherapy for breast cancer. From our Late Effects Breast Cancer cohort,21-28 we selected all patients
previously treated with radiotherapy for breast cancer and subsequently diagnosed with a ACS with
infarction or with International Classification of Diseases, 10th revision (ICD-10) I21, I23 or I46 as cause
of death. The Late Effects Breast Cancer cohort comprises 15,624 patients, aged ≤70 years at diagnosis,
treated for stage I-IIIA breast cancer or ductal carcinoma in situ (DCIS) from 1970 through 2009 at the
Netherlands Cancer Institute (NKI), Amsterdam or the Erasmus MC Cancer Institute (Erasmus MC),
Rotterdam, the Netherlands. From this cohort a total of 398 women were identified who had an ACS after
radiotherapy for early breast cancer.
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Mean dose to the heart during irradiation of different target fields has previously been estimated for our
cohort [Boekel, 2017]. Highest mean heart doses were observed after irradiation of the IMC field, with a
range of median mean whole heart doses of 8.9-16.1 Gy, compared to 0.6/4.7 Gy for left/right-sided breast
only and 2.8/5.3 Gy for left/right-sided chest wall only. Mean whole heart doses were high for both leftand right-sided IMC field; 14.7-16.6 Gy for left-sided and 8.9-13.4 Gy for right-sided IMC irradiation.
Because strongest ACS risk increases in breast cancer patients are observed after IMC irradiation,12,13,21
we compared patient groups with and without irradiation of the IMC.
Data collection
A detailed description of patient selection and data collection procedures of the Late Effects Breast Cancer
cohort has been published previously,28 and is described in Supplemental methods I. In summary, all
patients were identified through the hospital-based cancer registries of the NKI and Erasmus MC. Patients
treated for breast cancer without surgery were excluded, as were patients treated with chemotherapy or
radiotherapy above the diaphragm before diagnosis. Information on patient-, tumor-, and treatment
characteristics, before and after breast cancer, date and cause of death, and CVD information were
collected from the registries and medical charts. Breast cancer treatment information was collected for
primary breast cancer, (loco)regional recurrences and subsequent breast cancers until diagnosis of
distant metastases, and concerned all types of therapy (surgery, radiotherapy, and systemic therapy). An
overview of breast cancer treatment during the study period is provided as ´Supplemental text I´. Linkage
with the population-based municipal personal records database was performed to acquire missing dates
of death. Questionnaires were sent to general practitioners (GPs) and cardiologists to obtain detailed
information on incidence of CVDs (e.g. ACS, stable angina, valvular heart disease (VHD), heart failure
(HF); both before and after breast cancer), date and cause of death, and information on the cardiovascular
risk factors smoking, hypertension, diabetes mellitus, hypercholesterolemia. (see also ‘Supplemental
methods I’ for further details)
Complete follow-up through at least January 1, 2014 was obtained for 83% of the current study population
(n=398). Additionally, two linkages were performed. First, linkage with Statistics Netherlands was
performed using postal zip code, to acquire the area-level socioeconomic status (SES) of each
patient(29). Secondly, using linkage methods that have been described previously(30), data from the
Dutch Hospital Data and the nation-wide cause of death registry were used to obtain information on the
location of ACS for the patients diagnosed with ACS during the period 1995-2014. The review board of
the Netherlands Cancer Institute approved the study.
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Statistical analysis
For the current study, information on cardiovascular risk factors was taken into account up until date of
ACS, and, with the exception of smoking, considered to be chronic. Hypercholesterolemia, hypertension,
and diabetes mellitus were combined and categorized as: none, one or more risk factors, and unknown.
Smoking at time of ACS was categorized separately as yes, no, or unknown. History of coronary artery
disease (CAD) before ACS was categorized as no CVD, CAD without infarction, or no CAD but other
CVD. If history of CVD before breast cancer was unknown, and no CVD was diagnosed between breast
cancer and ACS diagnosis, this was labeled as ‘no’ (n=64). Categories for SES were based on area-level
SES as defined by Statistics Netherlands: below average, average, above average. Adjuvant
chemotherapy regimens were categorized into: no chemotherapy, CMF (cyclophosphamide,
methotrexate, 5-fluorouracil)-like regimens, and anthracycline-containing regimens. Endocrine therapy
was dichotomized into yes versus no. Assessed outcomes consisted of fatal ACS (defined as death on
the day of ACS diagnosis), cardiac death (ICD-10 I00-I52), mortality due to ACS (ICD-10 I21, I23, and
I46), and CVD incidence following ACS (HF and VHD; including both morbidity and mortality). For patients
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with ACS as cause of death without prior evidence of cardiac disease, the date of death was used as date
of ACS diagnosis. After a worst-case sensitivity analysis, the same approach was used to assign date of
ACS diagnosis in eight patients without (complete) CVD information until date of death. Fatal ACS as an
outcome, however, was only scored positive if the date of ACS was the same as the date of death and
CVD information was complete until death.
In the analyses of survival after ACS, time at risk started one day before ACS diagnosis and ended at
date of diagnosis of the event of interest, death, emigration, distant metastasis, or most recent medical
information, whichever came first. When evaluating the rates of HF and VHD following ACS, patients with
a history of HF or VHD before ACS were not taken into account. SES, chemotherapy regimen, smoking
history, other cardiovascular risk factors, history of CVD before ACS, age at ACS diagnosis, and year of
ACS

diagnosis

were

included

as

possible

confounders

and

tested

for

interaction.

Differences in characteristics between groups were tested using the two-sample t-test and chi-square test
when appropriate. Cumulative incidences were estimated for different outcomes, treating death due to
other causes than the outcome of interest as a competing risk.31 P-values comparing cumulative incidence
between groups were calculated using the Pepe and Mori test.32 Outcome rates were evaluated with
multivariable Cox proportional hazards regression models, using age as a time scale. Model assumptions
were verified using residual-based methods.33 All statistical tests were two-sided, p-values <0.05 were
considered statistically significant. Analyses were performed using Stata/SE 13.0 (StataCorp LP, College
Station, TX).
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Table 1. Breast cancer characteristics and therapy features of 398 patients diagnosed with acute
coronary syndrome following radiotherapy for breast cancer
ACS following
radiotherapy
including IMC
irradiation
No.
%
245
61.6

ACS following
other type of
irradiation (no
IMC)
%
38.4

P†
Characteristic
No.
Total no. of patients
153
Age at BC diagnosis (years)
Median (IQR)
51 (46-56)
51 (47-55)
0.60
Year of first BC treatment
1970 – 1979
114
46.5
41
26.8
1980 – 1989
109
44.5
46
30.1
1990 – 1999
17‡
6.9
41
26.8
2000 – 2009
5‡
2.0
25
16.3
<0.001
Type of surgery§
Wide local excision
56
22.9
100
65.4
Mastectomy
187
76.3
52
34.0
Unknown
2
0.8
1
0.7
<0.001
Radiation field§
Breast
40
16.3
95
62.1
Right-sided
18
7.4
41
26.8
Left-sided
22
9.0
54
35.3
Chest wall
86
35.1
52
34.0
Right-sided
41
16.7
24
15.7
Left-sided
45
18.4
28
18.3
IMC
119
48.6
n.a.
Right-sided
63
25.7
n.a.
Left-sided
56
22.9
n.a.
Unknown
0
0.0
6
3.9
<0.001
Chemotherapy§
No
194
79.2
130
85.0
Yes
51
20.8
23
15.0
CMF-like regimens
43
17.6
11
7.2
Anthracycline-containing regimens||
8
3.3
12
7.8
0.01
Endocrine therapy
No
233
95.1
140
91.5
8.5
Yes
12
4.9
13
0.15
Abbreviations: ACS, acute coronary syndrome; IMC, internal mammary chain; BC, breast cancer; P, p-value; No.,
number; IQR, interquartile range; n.a., not applicable; CMF, cyclophosphamide methotrexate fluorouracil.† P-value
comparing radiation groups. Chi-square test for categorical variables, unpaired t-test for continuous data.‡ Irradiation to
the internal mammary chain field was less frequently used in more recent treatment years in the total Late Effects
Breast Cancer cohort; percentage of IMC irradiated patients dropped from 30.9.5% in the period 1970-1986, to 15.3%
in the period 2000-2009.§ Primary treatment for breast cancer only. || Including either epirubicin or doxorubicin.
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Table 2. Characteristics at time of acute coronary syndrome of 398 patients treated with radiotherapy for
breast cancer

Characteristic
Total no. of patients
Age at ACS diagnosis (years)
Median (IQR)
Year of first ACS diagnosis
1980-1995
1996-2005
2006-2015
Years between BC treatment and first ACS
Median (IQR)
Follow up time after ACS diagnosis
Median, years (IQR)
No follow up since ACS§
0-1 year
1-5 years
5-10 years
>10 years
BC status at ACS diagnosis
(Complete) Remission
(Loco)regional recurrence||
Metastatic breast cancer
Established cardiovascular risk factors at ACS#
None
One or more
Unknown
Smoking at ACS diagnosis
No
Yes
Unknown
History of cardiovascular disease before ACS
No
Yes
ACS before BC
Coronary disease without infarction
Other*
Socio-economic status¶
Below average
Average
Above average
Unknown
Vital status at end of follow-up
Alive
Dead
Fatal ACS$

ACS following
radiotherapy
including IMC
irradiation
No.
%
245
61.6

No.
153

69 (63-76)

65 (59-71)

87
107
51

35.5
43.7
20.8

41
60
52

13 (8-19)

ACS following
other type of
irradiation (no
IMC)
%
38.4

P†

<0.001
26.8
39.2
34.0

0.01

17 (13-22) <0.001

5 (1-10)
55
22
44
62
62

22.5
9.0
18.0
25.3
25.3

5 (8-10)
19
25
35
35
39

12.4
16.3
22.9
22.9
25.5

0.03

241
3
1

98.4
1.2
0.4

146
2
5

95.4
1.3
3.3

0.07

130
94
21

53.1
38.4
8.6

54
59
40

35.3
38.6
26.1

<0.001

128
90
27

52.2
36.7
11.0

63
51
39

41.2
33.3
25.5

0.001

151
94
1
38
55

61.6
38.4
0.4
15.5
22.5

106
47
3
18
26

69.3
30.7
2.0
11.8
17.0

0.28

51
161
23
10

20.8
65.7
9.4
4.1

28
95
24
6

18.3
62.1
15.7
3.9

0.30

69
176
49

28.2
71.8
20.0

64
89
17

41.8
58.2
11.1

0.01

3.3
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Abbreviations: ACS, acute coronary syndrome; IMC, internal mammary chain; BC, breast cancer; P, p-value; No.,
number; IQR, interquartile range; m, months. † P-value comparing radiation groups. Chi-square test for categorical
variables, unpaired t-test for continuous data.§ When no follow-up is attained since acute coronary syndrome, the
patient has died on the day of acute coronary syndrome diagnosis or died due to an acute coronary syndrome with an
unknown date of acute coronary syndrome (n=8).|| Status of (loco)regional recurrence at time of acute coronary
syndrome diagnosis was scored as positive if a recurrence was diagnosed ≤1 year before acute coronary syndrome
diagnosis # Cardiovascular risk factors included are hypercholesterolemia, hypertension and diabetes mellitus.

*

Cardiovascular diseases included are valvular heart disease, pericarditis, cardiomyopathy, heart failure, cardiac
arrhythmia, stroke, transient ischemic accident and peripheral vascular disease. ¶ Through linkage with Statistics
Netherlands using postal zip code, area-level socioeconomic status was acquired of each patient.$ Acute coronary
syndrome is considered fatal if the date of (first) acute coronary syndrome was equal to the date of death and
cardiovascular disease information was complete until death.

RESULTS
From our Late Effects Breast Cancer cohort, we identified 398 patients with ACS subsequent to
radiotherapy, of whom 38% were treated with radiotherapy to the breast or chest wall without IMC
irradiation and 62% was treated with IMC irradiation (Table 1). Twenty-three percent of the IMC patients
were additionally treated with whole breast irradiation, and 17% with chest wall irradiation. Median age
at breast cancer diagnosis was 51 years in both treatment groups. The majority of patients did not
receive chemotherapy (79% of patients with and 85% of patients without IMC field irradiation). Since
IMC irradiation was more frequently used in earlier years, median year of diagnosis was earlier in IMCirradiated patients (median 1980, interquartile range 1975-1983 versus median 1987, interquartile range
1975-1996 in patients not irradiated to the IMC). Because of this, chemotherapy regimens in the IMC
patients mainly consisted of CMF-chemotherapy (84% of patients treated with chemotherapy), whereas
patients without IMC irradiation treated with chemotherapy were treated somewhat equally as often with
CMF-like regimens as with anthracycline-containing regimens (48% versus 52%). Also, because of the
longer follow-up duration of the IMC-irradiated group, median time between breast cancer diagnosis and
ACS was longer 17 years vs. 13 years, P<0.01), leading to a higher median age at ACS (69 years vs.
65 years in patients without IMC irradiation; Table 2). The percentages of patients smoking at ACS
diagnosis, with a history of CVD, and with one or more of the cardiovascular risk factors hypertension,
hypercholesterolemia, or diabetes at ACS were comparable between the treatment groups. At the end
of follow-up 71.8% of IMC-irradiated patients had died compared to 58.2% in patients without IMC
irradiation.
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Table 3. Location of acute coronary syndrome for 161 patients for whom linkage with the Dutch
Hospital Data or cause of death registry was possible
ACS following
radiotherapy
including IMC
irradiation

ACS following other
type of irradiation (no
IMC)

P†

Location of acute coronary
syndrome
No.
%
No.
%
Total no. of patients
94
100.0
67
100.0
ICD-10
Anterior wall
17
18.1
10
15.0
Inferior wall
24
25.6
14
20.9
Other sites
8
8.6
3
4.5
Unspecified sites
38
40.4
33
49.3
Subendocardial infarction
7
7.5
7
10.5
0.62
Abbreviations: ACS, acute coronary syndrome; IMC, internal mammary chain; BC, breast cancer; P, p-value; No.,
number; ICD-10, International Classification of Diseases, 10th revision. † P-value comparing radiation groups. Chi-

3.3

square test for categorical variables.

Data on the location of ACS was retrieved for 161 of 277 patients diagnosed between 1995 and 2014, of
whom 94 were irradiated to the IMC and 67 who were not. The distribution of ACS location did not
significantly differ between the two treatment groups and was unspecified for many patients (40% and
49%, respectively); however, the ACS seemed to be located in the inferior wall more often in patients
irradiated to the IMC compared to patients not irradiated to the IMC (25.6 versus 20.9%, p=0.62). (Table
3) Table 4 presents the rates of different CVD outcomes in relation to radiotherapy after adjusting for
potential confounders. IMC irradiation was associated with an increased rate of cardiac death following
ACS (hazard ratio [HR]=1.7, 95%CI 1.1-2.5, p=0.02). Furthermore, the rate of death on the day of ACS
diagnosis was twice as high after IMC irradiation compared to the rate in patients without IMC irradiation
(HR=2.2, 95%CI 1.2-3.8). The rate of death due to ACS at any moment during follow-up (HR=1.4, 95%CI
0.90-2.2), and of developing VHD following ACS (HR=1.7, 95%CI 0.89-3.2) were both nonsignificantly
elevated after radiotherapy to the IMC. No association was found between IMC irradiation and the rate of
developing HF following ACS. Correcting for breast cancer treatment, patients diagnosed after 1995
seemed less likely to suffer a fatal ACS and had a significantly decreased risk of cardiac death compared
to patients diagnosed with ACS in 1980-1995 (HRs: 0.41-0.58).
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Death due to ACS§
n/N
HR (95%CI)

Cardiac death
n/N
HR

Incidence of VHD
n/N
HR (95%CI)

Incidence of heart
failure
n/N
HR (95%CI)

Multivariable model†
(95%CI)
(95%CI)
Radiation field
No IMC
17/153 1.00
Ref. 32/153 1.00
Ref.
35/153 1.00
Ref. 17/145 1.00
Ref. 27/150 1.00
Ref.
IMC
49/245 2.15 1.20-3.85 64/245 1.39 0.90-2.16
90/245 1.68 1.11-2.54 41/221 1.68 0.89-3.19 54/231 1.06 0.64-1.75
Chemotherapy
No chemotherapy
56/324 1.00
Ref. 79/324 1.00
Ref. 106/324 1.00
Ref. 48/299 1.00
Ref. 71/309 1.00
Ref.
CMF-like regimen
8/54 1.19 0.54-2.62 15/54 1.59 0.88-2.87
17/54 1.46 0.85-2.52
7/49 0.81 0.35-1.88
7/53 0.79 0.35-1.77
Anthracycline-containing regimen
2/20 0.72 0.16-3.33
2/20 0.59 0.13-2.59
2/20 0.57 0.13-2.49
3/19 1.69 0.36-7.99
3/19 1.31 0.37-4.60
CVD risk factors at ACS diagnosis¶
None present
18/184 1.00
Ref. 41/184 1.00
Ref.
53/184 1.00
Ref. 33/175 1.00
Ref. 41/174 1.00
Ref.
At least one
39/153 5.05 2.73-9.32 42/153 2.08 1.30-3.32
45/153 2.25 1.49-3.39 16/132 0.68 0.36-1.29 29/146 1.15 0.69-1.94
Unknown
9/61 3.38 1.30-8.80 13/61 1.60 0.74-3.43
16/61 2.07 1.06-4.03
9/60 1.10 0.40-3.03 11/61 1.38 0.63-3.04
Smoking at ACS diagnosis
No
35/191 1.00
Ref. 50/191 1.00
Ref.
65/191 1.00
Ref. 28/173 1.00
Ref. 39/182 1.00
Ref.
Yes
21/141 0.56 0.31-1.02 30/141 0.69 0.42-1.13
42/141 0.77 0.51-1.18 20/131 0.91 0.48-1.70 34/135 1.16 0.70-1.92
Unknown
10/66 0.91 0.39-2.13 16/66 1.16 0.58-2.29
18/66 1.06 0.57-1.97 10/63 1.20 0.47-3.06
8/64 0.61 0.26-1.46
History of CVD before ACS
None
31/257 1.00
Ref. 51/257 1.00
Ref.
68/257 1.00
Ref. 24/257 1.00
Ref. 55/257 1.00
Ref.
Yes, coronary
12/60 1.57 0.79-3.13 16/60 1.47 0.82-2.63
22/60 1.55 0.94-2.55 13/52 2.64 1.33-5.21 10/53 1.06 0.52-2.15
Yes, other
23/81 4.98 2.77-8.94 29/81 3.17 1.95-5.15
35/81 2.89 1.88-4.45 11/58 2.02 0.97-4.20 16/71 1.74 0.98-3.10
Year of ACS diagnosis
1980-1995
30/128 1.00
Ref. 39/128 1.00
Ref.
61/128 1.00
Ref. 17/124 1.00
Ref. 38/124 1.00
Ref.
1996-2005
24/167 0.49 0.28-0.87 41/167 0.71 0.44-1.12
46/167 0.52 0.35-0.78 28/152 1.50 0.80-2.82 28/160 0.64 0.38-1.07
2005-2014
12/103 0.41 0.19-0.87 16/103 0.58 0.31-1.11
18/103 0.44 0.25-0.78 13/91 1.80 0.79-4.07 29/97 0.79 0.41-1.54
Abbreviations: ACS, acute coronary syndrome; VHD, valvular heart disease; n/N, number of events/number at risk; HR, hazard ratio; CI, confidence interval; IMC, internal mammary chain
field; Ref., reference group; CMF, cyclophosphamide methotrexate fluorouracil; CVD, cardiovascular disease.
† Age is used as a time scale. Included covariates: chemotherapy (no/cyclophosphamide methotrexate fluorouracil-like/antrhacycline-containing regimen), cardiovascular risk factor at acute
coronary syndrome diagnosis (none/at least one/unknown), smoking (yes, no, or unknown), history of cardiovascular disease before acute coronary syndrome (none/yes, coronary/yes,
other) and year of acute coronary syndrome diagnosis (1980-1995/1996-2005/2005-2014).
# Acute coronary syndrome is considered fatal if the date of (first) acute coronary syndrome was equal to the date of death and cardiovascular disease information was complete until death.
§ Includes all deaths due to acute coronary syndrome throughout follow up.
¶ Cardiovascular risk factors included are hypercholesterolemia, hypertension and diabetes mellitus.

Fatal ACS#
n/N
HR

Table 4. Risk of cardiovascular morbidity and/or mortality after acute coronary syndrome in patients previously treated with radiotherapy for breast
cancer

Prognosis ACS after radiotherapy for breast cancer

Accounting for non-cardiac death by using competing risk analysis, the 10-year cumulative incidence of
cardiac death was 34.5% among IMC-irradiated patients (95%CI 28.5-40.6) compared to 23.6% (95%CI
16.8-31.0) among patients without IMC irradiation (p=0.04) (Figure 1B, Supplemental Table 1).
Interestingly, the biggest difference in cumulative incidence of cardiac death seems to occur directly at
time of ACS. Cumulative incidences of ACS as cause of death and incidence of VHD following MI were
higher among patients irradiated to the IMC as well, although without significance;10-year cumulative
incidence of 26.6% (95%CI 21.2-32.4) vs. 21.7% (95%CI 15.4-28.9) for death due to MI and 16.9%
(95%CI 12.4-22.0) vs. 9.1% (95%CI 4.9-14.9) for VHD incidence among patients treated with/without IMC
irradiation, respectively. (Supplemental Table 1)
DISCUSSION
To the best of our knowledge, this is the first study on the association between radiotherapy for early
breast cancer and the outcome of a subsequent ACS. We showed that cardiac death rates following ACS
were increased for breast cancer patients previously treated with IMC irradiation compared to patients
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treated with radiotherapy without IMC irradiation. Irradiation to the IMC was particularly associated with
an increased rate of fatal ACS.
Comparing early breast cancer patients treated with radiotherapy with and without IMC irradiation, we
were able to examine the effect of a substantial difference in radiation dose administered to the heart.
Yet, because the comparison group was also exposed to radiation to the heart, we might have
underestimated the true radiation effect. Radiotherapy to the IMC field particularly leads to exposure of
the proximal segments of the right coronary artery (RCA) and the mid- and distal segments of the left
descending artery (LAD) and diagonal branch (D1).34-36 As the RCA importantly supplies the inferior wall,
our finding that there seems to be a relative predominance of inferior ACS in IMC-irradiated patients fits
with this. This does need confirmation, however, as the location of ACS was only available for 23% of the
cohort, and the distribution of location did not statistically significantly differ between the two treatment
groups. Also, we were not able to perform a validation of the data used to assess the location. More
proximal located ACS was, however, also observed in a study in Hodgkin lymphoma survivors,37 and
might be associated with higher mortality rates.38
Although no studies comparable to ours have been published on ACS outcome after radiotherapy in
(breast) cancer survivors, a few studies investigated related topics in heterogeneous groups. Yusuf et
al.

39

studied overall survival of ACS in a population previously diagnosed with different types of

malignancies and found that irradiation to the chest (n=84) was associated with a lower overall survival.
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In adjusted analysis, however, irradiation to the chest was associated with better overall survival; no
cause-specific analyses were presented. The high frequency of advanced stage cancers (88.4% of the
cohort was stage >T2 and/or >N1 and/or M1) and the fact that the majority of patients received
chemotherapy (66.1% of all patients) may have influenced overall mortality. Rohrmann et al.40 recently
reported that in patients with a history of cancer, receipt of guideline-recommended treatment for their
ACS was less likely and that mortality was significantly higher (OR 1.45 95%CI 1.17-1.81 for patients with
versus without a cancer history). This study, however, included any type of cancer patients (including
metastatic disease), and data on cancer type, stage, and treatment, were not available.
Three studies have investigated the rate of restenosis and (cardiac) death after percutaneous coronary
intervention (PCI) comparing patients previously treated with radiotherapy to matched control patients
without a history of radiotherapy. However, the number of patients treated with radiotherapy before PCI
was low (15(41), 41(42) and 45(43) patients), and results were inconsistent. Although these studies are
not directly comparable, and have limitations, they nevertheless suggest that radiotherapy may affect the
healing process after (micro)injury of the coronary arteries, which plays a role in the recovery of all ACS
patients. Concordantly, mouse studies have shown that strategies to inhibit age-related atherosclerosis
do not seem to constrain radiation-induced atherosclerosis,23-24 and that radiation-induced vascular
pathology differs from age-related atherosclerosis.25
Regarding cardiovascular morbidity following ACS, we found an increased risk of developing VHD
following ACS in IMC-irradiated patients; this increase, however, did not reach statistical significance.
Possibly this is related to a higher vulnerability of the valves when ischemia occurs.44
When interpreting our results, the strengths and limitations of our study should be considered. Important
strengths include the availability of detailed radiotherapy data and extensive data collection from medical
files and from questionnaires send out to GPs and cardiologists and, through this, a near to complete
follow-up on the occurrence of ACS and outcome hereof. Unfortunately, however, we had no data on the
character and treatment of ACS. Prevalence of ST-elevation ACS (STEMI) and non ST elevation (nonSTEMI) ACS, the release of cardiac troponins, and specific angiographic data such as Thrombolysis In
Myocardial Infarction (TIMI) flow at admittance, the rate of primary PCI, and extent of CAD, was not
available, whereas these data importantly affect cardiac outcomes. Inherent to studies requiring long
term follow-up since breast cancer diagnosis, one consideration of our study lies in the fact that radiation
techniques have changed over time. Changes in breast cancer radiotherapy techniques (oblique fields for
IMC radiotherapy, intensity modulated radiotherapy and deep inspirational breath hold) have led to
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significant decrease in exposure of the heart.20 Because of this, our results cannot be extrapolated to
patients receiving IMC irradiation today, they are, however, very relevant for breast cancer survivors and
for other cancer patients receiving similar mean heart doses as in our study. Furthermore, albeit with a
lower mean heart dose, the heart still is exposed to radiation in patients treated with radiotherapy for (leftsided) breast cancer. 20,45 Darby et al.18 have shown that even low heart doses increase the incidence of
ACS. Our study size, unfortunately, did not permit estimation of ACS outcome rates for these lower mean
heart doses (i.e. left- or right-sided breast irradiation).
In conclusion, radiotherapy is important in treating breast cancer as it improves survival rates and lowers
the risk of a recurrence.1-5,7,46 However, our results suggest that radiotherapy not only increases the rate
of CVD,10-15,47 but IMC irradiation leading to substantial heart dose, may be additionally associated with
an increased rate of fatal MI and cardiac death following an ACS. More research is required to confirm
our results and to investigate the pathophysiology underlying our findings. If confirmed, cardiologists
should be made aware that ACS patients who have previously been treated with radiotherapy with a

3.3

substantially heart dose may be at increased risk of death in the acute phase.
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Figure 1. Cumulative incidence of (A) death due to acute coronary syndrome, (B) cardiac death, (C)
heart failure and (D) valvular heart disease following acute coronary syndrome in patients previously
treated with radiotherapy for breast cancer, by internal mammary chain irradiation

IMC irradiation
Other irradiation (no IMC)

Cumulative incidence (%)

A Cumulative incidence of death due to ACS following ACS

Cumulative incidence (%)

B Cumulative incidence of cardiac death following ACS

Continued
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Cumulative incidence (%)

C Cumulative incidence of HF following ACS

3.3

Cumulative incidence (%)

D Cumulative incidence of VHD following ACS

Abbreviations: ACS, acute coronary syndrome; IMC, internal mammary chain; HF, heart failure; ACS, acute coronary
syndrome; VHD, valvular heart disease. Follow-up time started on the date of acute coronary syndrome. Lines do not
start at zero if the event of interest occurred on the day of acute coronary syndrome. Number at risk tables display the
number of patients at risk at the given time marks, with the number of events in between the time marks in arentheses.
Six patients were diagnosed with distant metastases before acute coronary syndrome and were not included in the
analyses.
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Supplemental file
Supplemental text I: Treatments in Late Effects Breast Cancer Cohort
During the early 1970s, standard treatment for stage I-IIIA breast cancers consisted of modified or radical
mastectomy, with or without radiotherapy. In 1975, adjuvant systemic treatment was introduced for lymphnode positive patients, combination chemotherapy for premenopausal patients, and, gradually, from 1980
onward, tamoxifen for postmenopausal patients. Standard adjuvant chemotherapy consisted of CMF
(cyclophosphamide, methotrexate, and fluorouracil); until 1980, twelve cycles were administered,
afterward only six. In 1980, breast-conserving therapy was introduced that consisted of wide local excision
and axillary lymph node dissection, followed by whole-breast irradiation. Since the mid-1990s
anthracycline-based chemotherapy regimens (including four cycles of AC [doxorubicin,
cyclophosphamide], four cycles of EC [epirubicin, cyclophosphamide], five cycles of FAC [AC with 5flurouracil], and five to six cycles of FEC [EC with 5-flurouracil]) were given to most premenopausal, and
later also postmenopausal, lymph-node positive patients and lymph-node negative patients with poor
prognostic tumor characteristics. Aromatase inhibitors were gradually introduced as an alternative for, or
combined with tamoxifen, after the year 2000, and starting in 2003, trastuzumab was used to treat HER2positive tumors, often in combination with anthracycline-containing chemotherapy.
DCIS was treated with either mastectomy or wide local excision. In case of wide local excision, this was
followed by radiotherapy similar to whole-breast radiotherapy following wide local excision for invasive
breast cancer.
Radiotherapy regimen depended on type of surgery and stage of disease. Incomplete resection or
extensive primary tumors were indications for chest wall irradiation after mastectomy, and in the past, the
ipsilateral internal mammary chain (IMC) field was irradiated in case of centrally or medially located tumors
and/or axillary lymph node metastasis. Patients who had extensive axillary nodal metastases also had
irradiation to the axilla and supraclavicular nodes. The dose to the IMC field in the years 1970s to 2000
varied from 40 Gy in 15 fractions to 50 Gy in 25 fractions, using either photon beams or a mixture of
photon and electrons. In more recent decades radiation techniques for treatment of the IMC changed
leading to a decreased exposure of the heart1. The chest wall generally received 35-45 Gy in 15-20
fractions, usually using electrons. Breast irradiation generally consisted of a dose of 50 Gy in 25 fractions
using two tangential photon beams and a boost on the tumor bed (brachytherapy or external beam).
Radiation during deep inspirational breath hold was not yet routinely performed during the study period.
References
1.
Cho BC, Hurkmans CW, Damen EM, Zijp LJ and Mijnheer BJ. Intensity modulated versus nonintensity modulated radiotherapy in the treatment of the left breast and upper internal mammary lymph
node chain: a comparative planning study. Radiother Oncol. 2002;62:127-36.
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Supplemental methods I: eligibility criteria and detailed data collection procedures of Late Effects
Breast Cancer cohort
Female breast cancer patients (stage I-IIIA or ductal carcinoma in situ [DCIS]) were selected from the
hospital-based registries of the Netherlands Cancer Institute, Amsterdam or the Erasmus MC - Cancer
Institute, Rotterdam, the Netherlands. All patients had to have undergone at least surgery. Patients treated
with radiotherapy between the diaphragm and the chin, or with any type of chemotherapy before breast
cancer diagnosis were not included in the cohort. Data collection from the registries and medical files
included the following variables: date of birth, breast cancer diagnosis, tumor histology, stage, type of
surgery, radiation fields, adjuvant chemotherapy regimen, adjuvant endocrine treatment, date of first
recurrence and of distant metastasis, date, diagnosis and treatment of previous and subsequent
malignancies, dates and diagnoses of cardiovascular events before and after breast cancer diagnosis,
cardiovascular disease risk factors smoking, hypertension, diabetes mellitus, and hypercholesterolemia
at time of breast cancer diagnosis and during follow-up, date of last known medical status, and cause of
death (according to the International Classification for Diseases, 10th revision).
Because data collection on cardiovascular disease incidence and outcome through questionnaires to
general practitioners and cardiologists is very labor intensive, and because we were interested in longterm cardiovascular disease risks and outcome following radiation therapy and chemotherapy for breast
cancer, an initial age limit of 70 years at breast cancer diagnosis was chosen. When the first part of the
cohort was established in the 1990s, it was generally assumed that increased cardiovascular risks did not
emerge until the second decade after breast cancer treatment. Hence, for patients diagnosed between
1970 and 1986, cardiovascular disease information was acquired only for ten-year survivors1. In addition,
because during this time period the majority of patients was treated with surgery plus radiation therapy,
for reasons of efficiency, a stratified sample was taken of all patients treated with surgery plus radiation
therapy, stratified by age at diagnosis. For all other treatment combinations, all ten-year survivors were
included in the cohort. When the cohort was expanded with patients diagnosed between 1987 and 2009,
it was decided to include only women up to the age of 61 years at breast cancer diagnosis (in this time
period very few patients older than 62 years received chemotherapy). Furthermore, we were then also
interested in the possibly increased cardiovascular disease risks after anthracycline-based
chemotherapy, which were thought to occur earlier after breast cancer treatment than radiationassociated effects. For patients diagnosed between 1987 and 2009, we therefore aimed to collect
cardiovascular disease information for all one-year survivors. However, because funding resources were
limited, we were obliged to make a patient selection for patients diagnosed between 1994 to 2000. For
patients diagnosed during the latter time period we took a stratified sample of all patients treated with
surgery plus radiation therapy, stratified by age. For other treatment combinations, all one-year survivors
were included. For the years of diagnosis 1987 to 1993 and 2001 to 2009 all one-year survivors were
included. Selection of patients was always random within each age stratum and by definition independent
of cardiovascular disease events, as the hospital-based registries did not contain any data on
cardiovascular disease.

3.3

To complete cardiovascular follow-up in the entire cohort, approximately 10,000 letters were sent to
general practitioners and cardiologists. In The Netherlands, all residents are expected to have a general
practitioner and medical correspondence from attending physicians is sent to the general practitioner.
Records are preserved by the general practitioner throughout a patient’s life and for at least 15 years after
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a patient’s death. For the current study cohort of breast cancer patients with a subsequent diagnosis of
acute coronary syndrome, complete follow up information on cardiovascular disease events, outcomes
and cause of death through at least January 1, 2014 was obtained for 83%. For the other patients, no
updated information was obtained as the current/last general practitioner was unknown or unwilling to
participate in the study. Selection bias introduced by general practitioners is unlikely as patient information
did not appear to play a role in the decision to participate; for 61% of the patients with incomplete
information, the GP was unknown or did not respond to any of the questionnaires. Less than 1% of
patients were lost to follow-up because their medical files had been destroyed after the patient’s death.
References
1.
Hooning MJ, Botma A, Aleman BM, Baaijens MH, Bartelink H, Klijn JG, Taylor CW and Van
Leeuwen FE. Long-term risk of cardiovascular disease in 10-year survivors of breast cancer. J Natl
Cancer Inst. 2007;99:365-375.
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Supplemental table 1. Cumulative incidence of cardiac morbidity and/or mortality following acute
coronary syndrome in patients previously treated with radiation therapy for breast cancer
ICD-10
code

Morbidity & mortality
Heart failure
No. of patients in total, %
3-year cumulative incidence
6-year cumulative incidence
10-year cumulative incidence
Valvular heart disease
No. of patients in total, %
3-year cumulative incidence
6-year cumulative incidence
10-year cumulative incidence
Mortality

Death due to acute coronary syndrome

No. of patients in total, %
3-year cumulative incidence
6-year cumulative incidence
10-year cumulative incidence
Cardiac death
No. of patients in total, %
3-year cumulative incidence
6-year cumulative incidence
10-year cumulative incidence

I50

I05-I08,
I34-I39

I21

I00-I52

ACS following
radiotherapy including
IMC irradiation
Cum.
Incidence
95% CI

Cum.
Incidence

95% CI

55
14.9
17.1
19.5

22.5
10.7-19.7
12.6-22.1
14.7-24.8

27
13.2
15.0
16.9

17.7
8.4-19.5
9.6-21.4
11.1-23.7

41
9.9
12.1
16.9

18.5
6.6-14.1
8.3-16.5
12.4-22.0

17
6.4
8.0
9.1

11.7
3.2-11.3
4.3-13.4
4.9-14.8

ACS following other type P †
of irradiation (no IMC)

64
23.8
25.1
26.6

26.1
18.7-29.3
19.8-30.7
21.2-32.4

32
19.9
20.8
21.7

20.9
13.9-26.8
14.6-27.8
15.3-28.9

90
27.1
31.0
34.5

36.7
21.7-32.8
25.3-36.9
28.5-40.6

35
20.7
21.5
23.6

22.9
14.5-27.6
15.2-28.6
16.8-31.0

0.59

0.10

0.28

3.3

0.04

Abbreviations: ICD-10, International Classification of Death and Disease 10th edition; ACS, acute coronary syndrome;
IMC, internal mammary chain; BC, breast cancer; P, p-value; Cum. Incidence, cumulative incidence; CI, confidence
interval; No. number. † Pepe and Mori test comparing cumulative incidences between radiation groups
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ABSTRACT
Aim
To assess the trend in age- and sex-stratified mortality after hospitalization for heart failure in the
Netherlands.
Methods
Two nationwide cohorts of patients hospitalized for new onset heart failure between 01.01.200031.12.2002 and between 01.01.2008-31.12.2010 were constructed by linkage of the Dutch Hospital
Discharge Registry and the National Cause of Death registry. 30-day, 1-year and 5 year overall and
cause-specific mortality rates were assessed by age and sex and compared over time.
Results
We identified 40,230 men and 41,582 women. In both cohorts, men were on average younger than women
(74-75 and 78-79 years, respectively) and more often had comorbid conditions (37% and 30%,
respectively). In the 2008-10 cohort, mortality rates for men were 13%, 32% and 64% for respectively 30day, 1-year and 5-year mortality and 14%, 33% and 66% for women. Mortality rates increased
considerably with age similarly in men and women (e.g. from 10.5% in women aged 25-54 to 46.1% in
those aged 85 and older after one year). Between the two time periods, mortality rates dropped across all
ages, equally strong in women as in men. The 1-year absolute risk of death declined by 4.0% (from 36.1
to 32.1%) in men and 3.2% (from 36.2 to 33.0 %) in women.
Conclusion
Mortality after hospitalization remains high, however, both short and long term survival is improving over
time. This improvement was similar across all ages and equally strong in women and in men. These
observational findings do not allow detailed evaluation of the underlying mechanisms.
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INTRODUCTION
The burden of heart failure on Western societies is increasing and is projected to continue to do so in the
future.12 Ageing, with its associated increase in comorbid conditions, is a driving force behind the
emerging epidemic,34 as is the considerably improved survival after an acute myocardial infarction.

5

Hospitalization for heart failure comes with a high risk of both short and long term mortality.4 The mortality
risk increases with age, as has been shown in a variety of studies.67 Several studies indicated that the
prognosis after hospitalization is worse for men than for women.4,6,7 Some other studies, including trials,
suggested that the sex difference seems to attenuate towards comparable mortality risks.78 Data on time
trends in short and long term survival, stratified for both age and sex, is sparse,16 but needed.9 Therefore,
we assessed contemporary age- and sex-stratified overall and cause-specific short and long term
mortality after hospitalization using nationwide cohorts of patients hospitalized for new onset for heart
failure in the Netherlands.
METHODS
Registries and linkage procedure
Details of the registries and linkage procedures used to construct nationwide cohorts of patients

4.1

hospitalized for the first time for heart failure have been previously described.10 Briefly, the data of the
Dutch Hospital Discharge Register (HDR), the Dutch Population Register (PR), and the National Cause
of Death Register were linked using a unique record identification number based on a combination of
birth, sex and postal code (unique for 84% of the population). The PR was used to obtain data on
demographic characteristics, HDR was used to identify patients with a hospital admission for heart failure,
and cause of death statistics were used to obtain data on causes of death following admission for heart
failure.11 All linkages and analyses were performed in agreement with the privacy legislation in the
Netherlands and are compliant with the Declaration of Helsinki.12
Study population
A prospective cohort of patients with heart failure was built by selecting patients from the HDR with a
primary admission for the following International Classification of Diseases (ICD) 9th revision codes for
heart failure: 428.0, 428.1, 428.9, 402.01, 402.11 and 402.91. Those with a hospital admission for heart
failure in the previous five years were excluded to ensure that the admissions for heart failure were, with
a high probability, first new onset admissions. To investigate differences in mortality risk over time, two
cohorts were created: one cohort containing information about patients admitted for heart failure between
1 Jan 2000 and 31 Dec 2002 (short: the 2000-02 cohort) and one cohort containing information from
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patients admitted between 1 Jan 2008 and 31 Dec 2010 (short: the 2008-10 cohort). For both cohorts,
patients were additionally divided in isolated left-sided heart failure (ICD-9: 428.1) and other heart failure
(ICD-9: 428.0, 428.9, 402.01, 402.11 and 402.91) to allow evaluation of the value of this ICD subdivision.
Outcomes
The main outcomes were 30-day, 1-year and 5-year overall mortality. Follow-up was defined as time from
hospital admission for heart failure to the day the patients died or the end of study period. Cause specific
mortality is reported for cardiovascular mortality (separately for heart failure, ischemic heart disease,
cerebrovascular disease, and other cardiovascular disease), cancer mortality (separately lung cancer)
and respiratory mortality (separately COPD), and chronic kidney disease/renal failure mortality. All ICD
codes used are mentioned in Appendix 1.
Other characteristics
Demographic information comprises age, sex, and marital status. We determined the presence of
comorbidity by the Charlson comorbidity index based on previous hospital admissions,13 which is
considered a valid measure to estimate comorbidity in clinical research.14 The mean Charlson comorbidity
index was calculated as well as the proportion of patients that had an index score of 1 or more. Data on
the duration of the hospital admission was available. No information was available on severity of heart
failure at the time of admission, nor was data available to allow for differentiation between heart failure
with preserved ejection fraction and reduced ejection fraction.
Validation of heart failure discharge codes
The accuracy of the heart failure discharge codes were assessed in a dedicated validation study. For
each precision digit of code ICD-9 code 428, 50 patients of the University Medical Center Utrecht were
randomly selected and the medical records of these patients were manually checked for correct discharge
ICD-9 code and discharge date. These codes were 428.0 (congestive heart failure, unspecified), 428.1
(left heart failure), and 428.2 (heart failure, unspecified).
Data analysis
Baseline characteristics as absolute numbers and percentages for both the 2000-02 and the 2008-10
cohorts are presented. Secondly, we provide absolute numbers and percentages of all-cause mortality,
cardiovascular mortality, cancer mortality, respiratory mortality and renal mortality of patients who died
within 30-days, 1-year and 5-years after admission for heart failure in the recent cohort, and presented
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that by sex. Next, we estimated the 30-days, 1-year and 5 year mortality risk after first admission for heart
failure in the 2000-02 and the 2008-10 cohorts and stratified these results by age and sex. Potential
differences in mortality in sex and age groups were tested with Pearson χ2-tests. To explore whether
change in mortality over time was statistically different between men and women, we added an interaction
term between sex and time and compared this model with the model without the interaction term using
the likelihood ratio test. Then, we investigated whether a previous hospital admission for overall
cardiovascular disease, acute myocardial infarction, or chronic pulmonary disease was associated with
increased 30-day, 1-year and 5-year mortality in men and women using Cox proportional hazard models
adjusted for age. Finally, we estimated the mortality risks of isolated left-sided heart failure (ICD-9: 428.1)
and other heart failure (ICD-9: 428.0, 428.9, 402.01, 402.11 and 402.91), by age and sex. All analyses
were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA) and a p-value < 0.05 was considered
statistically significant.
RESULTS
Cohort study
We identified 38,848 patients (19,309 men and 19,539 women) with a first admission for heart failure in

4.1

the earlier cohort 2000-02 and 42,964 patients (20,921 men and 22,043 women) in the recent cohort
2008-10 (Table 1). In both cohorts, women were on average 4 years older than men at the time of hospital
admission for heart failure. Charlson comorbidity index was ≥1 in 37% of men and 30% in women. Length
of admission reduced with 2 days over time, from 8 to 6 days in men and from 9 to 7 days in women
(Table 1). Of the patients in the 2008-2010 cohort who died within 30-days, 1-year and 5-years, the
majority died from a cardiovascular cause (53%-65%), with no clear differences between men and
women. The proportion of cardiovascular mortality as cause of death decreased with increasing survival
time, while the proportion of cancer to the overall mortality increased with survival time (Table 2).
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Table 1. Characteristics of men and women with a hospital admission for heart failure in the
periods between 2000-2002 and 2008-2010
2000-02

2008-10

Men

Men

n

%

n

2000-02
Women

%

n

2008-10
Women

%

n

Total No. patients

19,309

20,921

19,539

22,043

Mean age in years at admission (SD)

74 (11)

75 (11)

78 (11)

79 (11)

0.7 (1.1)

0.7 (1.2)

0.5 (1.0)

0.5 (1.0)

Mean Charlson comorbidity index (SD)
Charlson comorbidity index score ≥1

%

7,119 37

7,711 37

5,875 30

6,497 30

Myocardial infarction

2,866 15

2,485 12

1,690 9

1,514 7

Stroke

1,053 5

1,294 6

941 5

1,319 6

Peripheral artery disease

1,122 6

1,085 5

541 3

496 2

496 3

800 4

346 2

534 2

1,219 6

1,839 9

996 5

1,400 6

Single

7,572 39

7,988 38

15,249 78

16,338 74

Married1

11,737 61

12,933 62

4,290 22

5,705 26

9 (10)

7 (10)

Renal disease
Cancer
Marital state

Median length of admission in days (IQR)

8 (9)

6 (8)

Abbreviations: SD Standard Deviation; IQR Interquartile Range
1Married or registered partnership

Thirty-day mortality
Short term mortality increased with age for both sexes (from 3.9% in men aged 25 to 54 years to 25.2%
in men older than 85 years in 2008-10 and from 3.8% in women aged 25-54 years to 20.1% in women
older than 85 years in 2008-10 (Figure 1, Table 3A, B). Between 2000-02 and 2008-10, mortality after
hospitalization for heart failure decreased in all age groups in both men and women. These decreases
were statistically significant in men of most ages, except men aged 25-54, and in women aged 65 years
or above (Table 3A, B). Table 3C shows that the decline in mortality did not significantly differ between
men and women.
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One-year mortality
One-year mortality increased with age for both sexes from 9.8% in men aged 25 to 55 years to 53.4% in
men older than 85 years in 2008-10 and from 10.5% in women younger than 55 years to 46.1% in women
older than 85 years in 2008-10 (Figure 1, Table 3A, B). Between 2000-02 and 2008-10, one-year mortality
after hospitalization for heart failure decreased in all age groups in both men and women. These
decreases were statistically significant in men at all ages and in women in those aged 55 years or above
(Table 3A, B). Table 3C shows that the decline in mortality did not significantly differ between men and
women.
Five-year mortality
Five-year mortality increased with age for both sexes from 22.1% in men aged 25 to 54 years to 89.5%
in men older than 85 years in 2008-10 and from 20.4% in women aged 25 to 54 years to 85.3% in women
older than 85 years in 2008-10 (Figure 1, Table 3A, 3B). Between 2000-02 and 2008-10, five-year
mortality after hospitalization for heart failure decreased in all age groups in both men and women. These
decreases were statistically significant in men and women at all ages (Table 3A, B). Table 3C shows that
the decline in mortality was more pronounced in all men compared to all women (decline men: 4.2% and

4.1

women: 2.6%, p-value=0.04) as well as in men aged 55 to 64 compared to women in the same age group.
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Abbreviations: COPD Chronic Obstructive Pulmonary Disease

Median survival time in days (IQR)
8 (13)
Cause of death
Cardiovacular disease
1,748 64%
Heart failure
563 21%
Ischaemic heart disease
628 23%
Myocardial infarction
298 11%
Cerebrovascular disease
52 2%
Other cardiovascular disease
505 18%
Cancer
240 9%
Lung cancer
64 2%
Respiratory disease
382 14%
COPD
158 6%
Chronic kidney disease/ Renal failure
31 1%
Other cause
337 12%
1,996
725
516
275
57
695
170
30
427
182
35
428

7 (12)
65%
24%
17%
9%
2%
23%
6%
1%
14%
6%
1%
14%

30-day mortality
Men
Women
n %
n %
Total deaths
2,738 100%
3,056 100%
Mean age at admission in years (SD) 81 (9)
84 (9)

3,845
1,153
1,302
553
144
1,246
867
253
910
437
114
977

57%
17%
19%
8%
2%
19%
13%
4%
14%
7%
2%
15%

4,350
1,499
962
481
216
1,673
653
116
834
380
141
1,287

60%
21%
13%
7%
3%
23%
9%
2%
12%
5%
2%
18%

7,126
2,151
2,293
929
361
2,321
1,878
538
1,758
932
259
2,330

53%
16%
17%
7%
3%
17%
14%
4%
13%
7%
2%
18%

8,021
2,804
1,659
811
525
3,033
1,362
245
1,669
799
326
3,143

55%
19%
11%
6%
4%
21%
9%
2%
12%
6%
2%
22%

1-year mortality
5-year mortality
Men
Women
Men
Women
n %
n %
n %
n %
6,713 100%
7,265 100%
13,351 100%
14,521 100%
80 (9)
83, 9
78, 9
82, 9
49
52 (157)
(148)
360 (884)
365 (905)

Table 2. Characteristics and causes of death of patients who died after hospital admission for heart failure in the period between 2008-2010
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Table 3. Difference in 30-day, 1-year, and 5-year mortality risk between the 2000-02 cohort and the 200810 cohort in men and in women and the difference in mortality risk between 2000-02 and 2008-10 between
men and women.
30-day mortality
Age group
2000-02
2008-10
25-54
5.4%
3.9%
55-64
7.2%
4.8%
65-74
11.3%
8.0%
75-84
17.8%
14.2%
85+
30.3%
25.2%
Total
15.6%
13.1%

p-value
0.09
<0.01
<0.01
<0.01
<0.01
<0.011

25-54
55-64
65-74
75-84
85+
Total

2000-02
4.7%
6.4%
10.4%
15.5%
23.6%
15.9%

2008-10 p-value
3.8%
0.38
5.8%
0.57
8.1%
<0.01
12.6%
<0.01
20.1%
<0.01
13.9% <0.011

25-54
55-64
65-74
75-84
85+
Total

Men
∆2000-02
-1.5%
-2.4%
-3.3%
-3.6%
-5.1%
-2.5%

Women p-value
∆2000-02
-0.9%
0.71
-0.6%
0.10
-2.3%
0.34
-2.9%
0.63
-3.6%
0.52
-2.0%
0.261

1Adjusted

for age

1-year mortality
Men
2000-02
2008-10 p-value
14.4%
9.8%
<0.01
18.7%
14.3%
<0.01
28.6%
22.6%
<0.01
42.8%
36.3%
<0.01
58.3%
53.4%
<0.01
36.1%
32.1% <0.011
Women
2000-02
2008-10 p-value
13.7%
10.5%
0.05
19.3%
16.0%
0.02
25.6%
21.1%
<0.01
35.6%
30.2%
<0.01
50.8%
46.1%
<0.01
36.2%
33.0% <0.011
Differences men and women
Men
Women p-value
∆2000-02
-4.6% ∆2000-02
-3.2%
0.53
-4.5%
-3.4%
0.53
-5.1%
-4.5%
0.35
-6.5%
-5.5%
0.61
-4.9%
-4.7%
0.86
-4.0%
-3.2%
0.251

5-year mortality
2000-02
32.1%
45.0%
59.5%
78.8%
91.7%
68.0%

2008-10 p-value
22.1%
<0.01
34.5%
<0.01
52.9%
<0.01
73.4%
<0.01
89.5%
<0.01
63.8% <0.011

2000-02
26.7%
39.4%
53.0%
70.8%
87.3%
68.5%

2008-10 p-value
20.4%
<0.01
35.4%
<0.01
45.8%
<0.01
64.9%
<0.01
85.3%
<0.01
65.9% <0.011

Men
-10.0%
-10.5%
-6.6%
-5.4%
-2.2%
-4.2%

Women p-value
∆2000-02
-6.3%
0.29
-4.0%
<0.01
-7.2%
0.77
-5.1%
0.53
-2.0%
0.33
-2.6%
0.041

4.1

Previous admission for cardiovascular disease
A previous hospital admission for cardiovascular disease yielded significantly lowered Hazard Ratio’s (HR)
for 30-day mortality in both men and women and for 1-year mortality in women (Table 4). For example, an
hospital admission any time in the five years preceding the hospital admission for heart failure was
associated with 24% less risk of dying within 30 days (HR: 0.76, 95% confidence interval (CI): 0.67-0.86)).
In men, a hospital admission for chronic pulmonary disease 1 or 5 years before hospital admission for heart
failure was associated with 28% and 29% lower risk of dying within 30 days after hospitalization for heart
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failure. In women, a similar relation for a previous hospital admission for chronic pulmonary disease was
observed only for dying within one year after hospital admission for heart failure (Table 4).
Validation study
ICD codes were validated for 152 patients using the medical information registered in the electronic patient
data system of the University Medical Center Utrecht (Table 5). 80% of these patients were correctly
diagnosed with heart failure. However, this value varied across subcodes, from 76% for ICD-9 428.9 to
86% for ICD-9 428.0. In addition, 12% (428.0) to 22% (428.9) of the patients had heart failure as a
complication during hospital stay. The remaining 2-6% did not have heart failure during hospital admission
nor in their history, and may be considered misclassified.
In figure 2 (Appendix) we explored the value of the ICD heart failure subcoding in terms of mortality risk.
There were no differences in one-year mortality between those classified as isolated left-sided heart failure
compared to the other codes in men, nor in women stratified for age. These results hold for 30-day and
five-year mortality rates (results not shown).
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0.95 [0.83-1.08]
0.98 [0.92-1.05]
0.96 [0.92-1.01]
1.03 [0.94-1.12]
1.01 [0.92-1.10]

0.92 [0.75-1.12]
0.88 [0.78-0.98]
0.81 [0.75-0.88]
1.09 [0.83-1.43]
0.87 [0.76-1.01]
0.85 [0.73-0.98]

0.95 [0.83-1.08]
0.98 [0.92-1.05]
0.96 [0.92-1.01]
1.03 [0.88-1.20]
1.03 [0.94-1.12]
1.01 [0.92-1.10]

0.70 [0.49-0.99]
0.79 [0.65-0.96]
0.79 [0.68-0.91]
0.65 [0.42-1.00]
0.80 [0.63-1.01]
0.88 [0.69-1.14]

0.85 [0.62-1.15]
0.75 [0.64-0.88]
0.76 [0.67-0.86]
0.94 [0.63-1.39]
0.72 [0.59-0.90]
0.71 [0.60-0.88]

CVD: 1-year prior to HF admission

CVD: 5-year prior to HF admission

CPD: 30 days prior to HF admission

CPD: 1-year prior to HF admission

CPD: 5-year prior to HF admission

1.03 [0.88-1.20]

0.93 [0.87-1.00]

1.01 [0.91-1.11]

1.06 [0.96-1.17]

1.05 [0.87-1.27]

1.02 [0.96-1.08]

1.00 [0.92-1.07]

0.96 [0.84-1.10]

1.00 [0.91-1.10]

0.95 [0.86-1.06]

1.02 [0.88-1.21]

Women

Multivariate Cox Regression model adjusted for age. Results are expressed as hazard ratios with 95% confidence intervals.
Abbreviations: AMI Acute myocardial infarction; CVD Cardiovascular Disease (including AMI, Cerebrovascular Accident, Rheumatic Heart Disease and Peripheral
Vascular Disease); CPD Chronic pulmonary disease

CVD: 30 days prior to HF admission

0.77 [0.67-0.87]

0.93 [0.87-1.00]

0.87 [0.69-1.09]

0.78 [0.65-0.94]

AMI: 5-year prior to HF admission

0.94 [0.86-1.02]

0.86 [0.74-1.01]

0.95 [0.82-1.10]

Men

0.94 [0.86-1.02]

0.90 [0.67-1.21]

0.88 [0.70-1.11]

AMI: 1-year prior to HF admission

Women

5-year mortality

0.83 [0.66-1.05]

Men

1-year mortality

0.95 [0.82-1.10]

0.82 [0.51-1.30]

1.00 [0.69-1.43]

AMI: 30 days prior to HF admission

Previous hospital admission for

Women

30-day mortality
Men

failure in the period between 2008-2010.

Table 4. Previous admission for cardiovascular disease and the risk of death within 30 days, 1 year and 5 years after hospital admission for heart
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DISCUSSION
In this study we showed improvement in short and long term survival after hospital admission for new
onset heart failure hospitalizations between 2000 and 2010, although, mortality rates are still high. This
improvement was similar across all ages and equally strong in women as in men.
Trends in survival
Our finding of a decline in mortality over this time period are in line with several other population based
studies.1-9 A similar decline in women as in men is in line with contemporary data suggesting that hospital
care is similar for men and women with heart failure,15 and acute myocardial infarction.16 These studies
suggested that the decline is a result of better adherence, with no differences regarding sex, to optimized
treatment as recommended in guidelines for heart failure. We confirm the steep increase in mortality after
hospitalization for heart failure with increasing age which also has been observed in a large number of
previous studies.67 Interestingly, but unexplained, previous hospital admission for some conditions that
may underlie the development of heart failure, e.g. cardiovascular disease, myocardial infarction and
chronic pulmonary disease was associated with a reduced mortality risk of those admitted for new onset
heart failure. Although surprising, this observation may be explained by the notion that patients with known
history of cardiovascular disease or respiratory disease may be referred to the hospital earlier compared
to patients with no previous cardiovascular or respiratory disease. As a result, their stage of heart failure
may be less advanced. This is however speculative and could not be investigated with the current data.
Trends in survival stratified by sex
We confirm previous findings that showed significant decreases in mortality over time in both men and
women and in all age groups.317 Heart failure with reduced ejection fraction (HFrEF) has been better
recognized in the last decade and contemporary heart failure treatment largely improved mortality of
patients with HFrEF, but not for those with preserved ejection fraction (HFpEF).18 Because men have
more often HFrEF than women (19), we expected to observe a more pronounced mortality decline in men
similar to some previous studies.173 However, our data only show a somewhat more pronounced decline
in five-year mortality for men, whereas no significant differences in decline between men and women for
30-day and one-year mortality were observed.
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Figure 1. Trends in the 30-day (A), 1-year (B) and 5-year (C) mortality by sex and age
A.
Men
100%

100%

Age group
25-54
55-64
65-74
75-84
85+
Total

80%

30-day mortality

80%

60%

60%

Cohorts
2000-02 2008-10
5.4%
3.9%
7.2%
4.8%
11.3%
8.0%
17.8%
14.2%
30.3%
25.2%
15.6%
13.1%

Women

40%

40%

20%

20%

0%

2000-2002

2008-2010

0%

Age group
25-54
55-64
65-74
75-84
85+
Total
2000-2002

Cohorts
2000-02 2008-10
4.7%
3.8%
6.4%
5.8%
10.4%
8.1%
15.5%
12.6%
23.6%
20.1%
15.9%
13.9%
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2008-2010

Men 25-54

Men 55-64

Women 25-54

Women 55-64

Men 65-74

Men 75-84

Women 65-74

Women 75-84

Men 85+

Men all ages

Women 85+

Women all ages
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B.
Men
100%

Cohorts

100%

Age group
24-54
80%

55-64
65-74
75-84
85+
Total

1-year mortality

80%

60%

60%

2000-02

2008-10

14.4%

9.8%

18.7%
28.6%
42.8%
58.3%
36.1%

14.3%
22.6%
36.3%
53.4%
32.1%

Women
Cohorts

40%

40%

20%

Age group
24-54
55-64
65-74
75-84
85+
Total

20%

0%

2000-2002

2008-2010

0%

2000-2002

2000-02

2008-10

13.7%

10.5%

19.3%
25.6%
35.6%
50.8%
36.2%

16.0%
21.1%
30.2%
46.1%
33.0%

2008-2010

Men 25-54

Men 55-64

Women 25-54

Women 55-64

Men 75-84

Men 65-74

Women 65-74

Women 75-84

Men 85+

Men all ages

Women 85+

Women all ages
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C. C.

Men
Men
Age
Agegroup
group 2000-02
2000-02 2008-10
2008-10
25-54
25-54
55-64
55-64
65-74
65-74
75-84
75-84
85+
85+
Total
Total

80%
80%

5-year mortality

80%80%

5-year mortality

Cohorts
Cohorts

100%
100%

100%
100%

60%60%

60%
60%

32.1%
32.1%
45.0%
45.0%
59.5%
59.5%
78.8%
78.8%
91.7%
91.7%
68.0%
68.0%

22.1%
22.1%
34.5%
34.5%
52.9%
52.9%
73.4%
73.4%
89.5%
89.5%
63.8%
63.8%

Women
Women
Cohorts
Cohorts

40%40%

20%20%

0% 0%

2000-2002
2000-2002

2008-2010
2008-2010

40%
40%

Age
Agegroup
group 2000-02
2000-02 2008-10
2008-10

20%
20%

25-54
25-54
55-64
55-64
65-74
65-74
75-84
75-84
85+
85+
Total
Total

0%
0%

2000-2002
2000-2002

26.7%
26.7%
39.4%
39.4%
53.0%
53.0%
70.8%
70.8%
87.3%
87.3%
68.5%
68.5%

20.4%
20.4%
35.4%
35.4%
45.8%
45.8%
64.9%
64.9%
85.3%
85.3%
65.9%
65.9%
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2008-2010
2008-2010

MenMen
25-54
25-54

Men
Men55-64
55-64

Women
Women 25-54

Women
Women55-64
55-64

MenMen
65-74
65-74

Men
Men75-84
75-84

Women
Women 65-74

Women
Women75-84
75-84

MenMen
85+85+

Men
Menallallages
ages

Women
Women 85+

Women
Womenallallages
ages
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from
from
2000,
2000,the
themaximum
maximumwash-out-period
wash-out-period to
to limit
limitsubsequent
subsequenthospital
hospital
admissions
admissions
for for
heart
heart
failure
failure
waswas
5 years.
5 years.
AsAsa aresult
resultwe
wemay
mayhave
have included
included some
some patients
patientswith
witha arecurrent
recurrent
admission
admission
for for
heart
heart
failure.
failure.
TheThe
prognosis
prognosisofofthese
thesepatients
patients may
may be
be different
different from
from patients
patientswith
witha afirst
firstadmission
admission
for for
heart
heart
failure.
failure.
TheThe
reported
reportedmortality
mortalityrates
ratesmay
maytherefore
therefore in reality
reality be
besomewhat
somewhatlower
lowerororhigher.
higher.However,
However,
we we
used
used
a 5ayears
5 years
wash-out-period
wash-out-periodfor
forboth
boththe
the2000-02
2000-02 cohort
cohort and
andthe
the2008-10
2008-10cohort
cohort
and
and
therefore
therefore
it isitnot
is not
likely
likely
thisthis
hashas
affected
affectedour
ourtrend
trendestimates.
estimates.
In conclusion,
In conclusion,
mortality
mortalityafter
afterhospitalization
hospitalization remains
remains high,
high, however,
however,both
bothshort
shortand
andlong
long
term
term
survival
survival
is is
improving
improving
over
over
time.
time.This
Thisimprovement
improvementwas
was similar
similar across
across all
allages
agesand
andequally
equallystrong
strong
in in
women
women
andand
in in
men.
men.
These
These
observational
observationalfindings
findingsdo
donot
notallow
allow detailed evaluation
evaluationofofthe
theunderlying
underlyingmechanisms.
mechanisms.
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Appendix 1. ICD-codes used in this study.
Hospital admissions were coded according to the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9).
• Heart failure:
428.0, 428.1, 428.9, 402.01, 402.11 and 402.91
• Left isolated heart failure:
428.1
• Other heart failure:
428.0, 428.9, 402.01, 402.11 and 402.91
• Acute myocardial infarction:
410
• Chronic pulmonary disease:
490-505, 506.4
• Cerebrovascular disease:
430-438
Causes of death were coded according to ICD-10.
• Cardiovascular disease:
D18, G45, I00-I99, K55, M30-M31, P29.3, Q20-Q28, R00-R01, R07.1-R07.4, R09.8, R23.0 and
R59
• Heart failure:
I50
• Ischaemic heart diseases:
I20-I25
• Acute myocardial infarction:
I21
• Cerebrovascular disease:
I60-I69
• Cancer:
C00-C97, D00-D48
• Lung cancer:
C34
• Respiratory disease:
J00-J99
• Chronic Obstructive Pulmonary Disease (COPD):
J44
• Chronic kidney disease / Renal failure
N17-N19

4.1
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38%

48%

56%

32%

25%

22%

17%

17%

17%

17%

11%

14%

20%

11%

30%

24%

27%

40%

33%

40%

50%

12%

1-year mortality (%)

60%

48%

56%

Appendix 2. 1-year mortality by heart failure type, sex and age group
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Men other types of HF

Women other types of HF
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Men isolated left-sided HF

85+
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ABSTRACT
Purpose
To determine health related quality of life (HRQol) for different cardiovascular diseases (CVD) both with
and without comorbid conditions.
Methods
The study sample was derived from the baseline measurements of the LifeLines Cohort Study (n=
152,180) in the Netherlands. HRQoL was measured with the RAND, also known as SF-36, and expressed
with a physical component score (PCS) and a mental component score (MCS). We examined the crude
effect of history of myocardial infarction (MI), heart failure (HF) and cerebrovascular disease (CVA) and
those without CVD on the different domains of the RAND and on both component scores. Using
multivariable linear regression models, we determined PCS and MCS for the CVDs alone and combined
with comorbid conditions compared to those without disease.
Results
Patients with a history of CVD had lower PCS compared to participants without CVD (48.1 – 50.3 and
55.5, respectively). For MCS, this difference was less pronounced (52.0-52.9 and 53.2, respectively).
Multivariable linear regression analyses showed that CVA, HF and MI were associated with significant
lower PCS and MCS (PCS: -4.8, -3.5, -2.1, MCS: -1.4, - 2.2, -2.0, respectively) compared to participants
without disease. Compared to the CVDs alone, all combinations had a lower score on the PCS, but only
few combinations on the MCS. Some combinations had more impact on the PCS than the sum of the
impact of the respective single diseases.
Conclusions
The results of this study emphasize the importance of comorbidity in the relation between CVD and
physical-HRQoL and to a lesser extent mental-HRQoL.
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INTRODUCTION
A healthy state constitutes physical, mental and social wellbeing.1 However, in the current health care
system components such as healthy behavior and clinical factors including blood pressure control as
measures of cardiovascular health are primarily addressed.2
Health related quality of life (HRQoL) is a subjective measure of the health status and reflects how a
disease and its symptoms are perceived by the patient. Previous studies showed that HRQoL can serve
as a prognostic measure. Independent from clinical factors, HRQoL predicts mortality after cardiac
surgery, readmission, prolonged hospital stay and healthcare costs.3–5 In addition, it has been used as a
measure of the effectiveness of interventions targeting disease.4,6 HRQoL is therefore both an important
outcome as well as a risk factor.
HRQol is negatively impacted with the presence of comorbid conditions and from previous studies we
know that comorbidity in patients with cardiovascular disease is rule rather than exception.7–10 What is
less known is whether some comorbid conditions or combinations of diseases affect HRQoL more than
others. Identifying and creating awareness which combinations of diseases have the most profound effect
on HRQoL may guide clinical decision making and help targeting healthcare resources.
Therefore, in this study we will investigate the impact of different comorbid conditions on the HRQoL,
expressed as physical and mental health, in patients with different cardiovascular diseases.

4.2

METHODS
Study design and study sample
LifeLines is a cohort study sampled from the general population that examines the health and the healthrelated behaviors of persons living in the North East region of the Netherlands in a unique three-generation
design.11 It employs a broad range of investigative procedures in assessing the biomedical, sociodemographic, behavioral, physical and psychological factors which contribute to the health and disease
of the general population. Details on recruitment and data collection procedures have been described
elsewhere.12 In brief, individuals were invited to participate by their general practitioner or through family
members and there was an option to self-register. All participants were asked to complete a selfadministered questionnaire, requiring them to provide information on a broad spectrum of diseases,
including cardiovascular diseases, pulmonary diseases and allergy, cognitive function and depression,
and musculoskeletal conditions. During the first visit to the LifeLines research center, all participants
underwent a clinical examination, followed by the collection of blood and urine samples. The present study
uses data from 152,180 participants who visited the Lifelines research centers between November 2006
and December 2013 for the baseline measurements. A prior study showed that the LifeLines population
167
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is largely representative for the Dutch population with regards to lifestyle, chronic diseases and socioeconomic characteristics.13 The study protocol was approved by the medical ethics review committee of
the University Medical Center Groningen (UMCG) and conducted in accordance with the Declaration of
Helsinki. All participants provided written informed consent upon enrolment.
Measurement of physical and mental health
The RAND-36 questionnaire, also known as SF-36, was used to measure physical and mental health.14
The RAND-36 contains 36 questions regarding eight health-status domains: general health, health
change, physical functioning, social functioning, role limitations because of physical health problems, and
role limitations because of emotional health, mental health, vitality and bodily pain. Two summary
component scores, the physical component score and the mental component score, were constructed
from these previously prescribed eight domains. The primarily reflects measures of physical functioning,
pain, and role limitations caused by physical health problems while the primarily reflects measures of
emotional well-being and role limitations caused by emotional problems. General health perceptions,
vitality, and social functioning are reflected in both component scores.14
Definition of cardiovascular disease and comorbid conditions
Cardiovascular diseases were the self-reported presence of a prior myocardial infarction, prior
cerebrovascular disease and the onset of heart failure all within the preceding 5 years. Comorbid
conditions were selected based on their presence on a standard list of chronic diseases for primary care15
and their high prevalence in cardiovascular disease.16 The selection includes asthma, cancer, chronic
obstructive pulmonary disease (COPD), emphysema or chronic bronchitis (henceforth: COPD),
depression, diabetes mellitus, osteoarthritis and rheumatoid arthritis. No information was available about
the onset of the non-cardiovascular comorbid conditions. More information about how these diseases
were established can be found at Data Supplement 1.
Data analyses
First, we described characteristics of the patients with a history of myocardial infarction, cerebrovascular
disease, heart failure and of participants without previous cardiovascular disease (i.e. without myocardial
infarction, cerebrovascular disease or heart failure). For the RAND, domains were scored separately from
0 to 100, with higher scores indicating better health. We calculated the unadjusted median scores for the
different domains and summary component scores in patients with the different cardiovascular diseases
and in participants without cardiovascular diseases. Possible differences in scores from patients with the
168
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different cardiovascular diseases and those from participants without cardiovascular disease were
investigated with the Mann-Whitney test. To calculate the physical and the mental component scores,
each domain score was then standardized by linear z-score transformation so that the average score has
a mean of 50 and a standard deviation (SD) of 10 in the general population of the United States.17 The
multivariable linear regression models to explain the association between cardiovascular diseases, their
combinations and physical and mental component were constructed based on the method of van der ZeeNeuen et al.18 We included variables for all single disease (i.e. without any comorbid condition),
combinations of two diseases with at least one cardiovascular disease, one variable describing
combinations of two diseases both non-cardiovascular disease, one variable describing those with more
than two diseases including at least one cardiovascular disease and one variable describing those with
more than two diseases without cardiovascular disease. Hence, contrary to the other analyses the
reference group in the regression analyses can be viewed as a population free from all measured
diseases. Additionally, we adjusted for age, sex, BMI, current smoking and educational level. BMI was
categorized in underweight (<18.5 kg/m2), normal weight (18.5 - <24.9 kg/m2), overweight (25.0 – 29.9
kg/m2) and obesity (≥30.0 kg/m2). Educational level was categorized in lower education, vocational
education, higher education/university and other. The variables measuring asthma, cancer, COPD,
diabetes, cerebrovascular disease, heart failure, myocardial infarction, physical component score and
mental component score had 0.2 % to 3.2 % missing data leading to 7.0% of all participants having

4.2

missing data for at least one variable. Under the assumption of missing at random, we imputed missing
data using multiple imputations. We imputed 5 datasets. Due to the relatively low prevalence of missing
data 5 datasets already provided stable results. We used all abovementioned variables to impute missing
values. Analyses were conducted in each dataset and pooled. All analyses were performed using SPSS
22.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
The baseline characteristics of the patients with previous cardiovascular disease and the participants
without previous cardiovascular disease are depicted in Table 1. Most patients with history of myocardial
infarction and heart failure were men and patients with a history of cerebrovascular disease were more
often women. Patients with a history of cerebrovascular disease and heart failure were both on average
56 years old, whereas patients with myocardial infarction were 2 years older. Depression, diabetes and
osteoarthritis were the top 3 most prevalent comorbid conditions among patients with cardiovascular
disease. In participants without cardiovascular disease, depression, osteoarthritis and asthma were the
most prevalent diseases.
169
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Table 1. Baseline characteristics in patients with myocardial infarction, cerebrovascular disease, heart
failure and in patients without cardiovascular disease

No. of participants
Sex, male (%)
Age, Mean (SD)
Current smoking
Body Mass Index, mean (SD)
Education
Lower education
Vocational education
Higher/University
Other
MI
CVA
HF
Asthma
COPD
Depression
Diabetes
Cancer
Osteoarthritis
Rheumatoid arthritis

MI
623
447 72%
58 (12)
108 17%
28 (4)

CVA
537
253 47%
56 (14)
120 22%
27 (5)

HF
545
329 60%
56 (13)
97 18%
28 (4)

Without CVD
150,634
62,213 41%
44 (13)
32,446 22%

330
152
118
15
623
11
133
39
54
78
68
56
81
36

289
130
97
17
11
537
20
37
47
86
58
46
66
28

290
132
100
18
133
20
545
52
72
83
66
56
101
34

57,748
45,261
44,176
2,863
12,478
8,009
15,150
3,728
6,908
10,792
3,347

54%
25%
19%
2%
100%
2%
21%
6%
9%
13%
11%
9%
13%
6%

54%
24%
18%
3%
2%
100%
4%
7%
9%
16%
11%
9%
12%
5%

54%
24%
19%
3%
24%
4%
100%
10%
13%
15%
12%
10%
19%
6%

26 (4)
38%
30%
29%
2%

8%
5%
10%
2%
5%
7%
2%

Abbreviations: CVA cerebrovascular disease; CVD cardiovascular disease; HF heart failure; MI myocardial infarction;
COPD Chronic Obstructive Pulmonary Disease

Patients with a history of cardiovascular disease had lower or similar scores on all domains of the RAND
compared to participants without cardiovascular disease. Those with a history of cerebrovascular disease
and those with a history of heart failure had similar scores on the physical component score: 48.2 and
48.1, respectively. Patients with a previous myocardial infarction had a numerical higher physical
component score: 50.3, whereas the median score of participants without cardiovascular disease was
55.5. Compared to the physical component, we observed less variation between the different
cardiovascular diseases on the mental component. The median mental component score was lowest
among patients with cerebrovascular disease (52.0), followed by patients with heart failure and patients
with myocardial infarction (52.6 and 52.9, respectively). The median score of those without cardiovascular
disease was 53.2 (Table 2). Except for health change in patients with cerebrovascular disease and
patients with a previous myocardial infarction, all domains and summary component scores were
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significantly lower in those with previous cardiovascular disease compared to those without. Table 3 and
Figure 1 show the results of the impact of the cardiovascular diseases and their combinations on the
physical and the mental component score based on the multivariable linear regression models.
Table 2. Crude health related quality of life scores of the different domains in patients with myocardial
infarction, cerebrovascular disease, heart failure and in participants without cardiovascular disease
MI1
Median

CVA1

HF1

IQR Median

IQR

Without CVD

Median

IQR

Median

IQR

General health

65.0 45.0 75.0

60.0

45.0 75.0

60.0

40.0 70.0

75.0

65.0 85.0

Health change

50.0 50.0 75.0

50.0

50.0 75.0

50.0

25.0 75.0

50.0

50.0 50.0

Physical functioning

85.0 70.0 95.0

80.0

60.0 95.0

80.0

55.0 95.0

95.0

90.0 100

Social functioning

87.5 62.5 100

87.5

62.5 100

81.3

62.5 100

100

75.0 100

Role limitation-physical

100 25.0 100

75.0

0.0

100

100

25.0 100

100

100 100

Role limitation-emotional

100 100 100

100

66.7 100

100

100 100

100

100 100

Mental health

80.0 68.0 88.0

80.0

66.0 88.0

80.0

68.0 88.0

84.0

72.0 88.0

Vitality

65.0 50.0 75.0

60.0

45.0 75.0

65.0

50.0 75.0

70.0

55.0 80.0

Bodily pain

89.8 67.4 100

79.6

57.1 100

79.6

57.1 100

90

67.4 100

Physical component score 50.3 41.7 55.2

48.2

38.2 54.7

48.1

37.6 54.3

55.5

51.2 57.9

Mental component score 52.9 45.4 56.3

52.0

43.5 56.2

52.6

44.5 56.6

53.2

48.6 56.2

1Patients

4.2

can have other disease(s) next to the cardiovascular disease

Abbreviations: CVA cerebrovascular disease; CVD cardiovascular disease; HF heart failure; MI myocardial infarction

Physical component score
All single cardiovascular and non-cardiovascular comorbid conditions were significantly associated with
a lower physical component score compared to participants without any of the reported diseases (Table
3 and Figure 1). From the single cardiovascular diseases, cerebrovascular disease was associated with
the largest difference on the physical component score (-4.9) compared to participants without any
disease, followed by heart failure (-3.6) and myocardial infarction (-2.4). All combinations of two
cardiovascular diseases showed large differences (-6.75 – -8.47). The combination of myocardial
infarction – heart failure showed a larger difference than the sum of the reduction of the single diseases
(-7.7 vs. -2.4 and -3.6, respectively). All combinations with cardiovascular disease and comorbid
conditions, except myocardial infarction – cancer, had a lower physical component score than the
cardiovascular disease alone. The estimated physical component scores of the combinations with
171
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cerebrovascular disease were, on average, lower than those of heart failure and myocardial infarction.
The combination of myocardial infarction – diabetes showed a difference of -7.4, which was far greater
than the sum of the respective single diseases (-2.4 and -2.2, respectively). The combination of heart
failure – asthma had the most detrimental impact on the physical component score (-14.8) which was far
greater than the sum of the single respective diseases alone (-3.6 and -1.7, respectively). The same
impact was observed for the combination cerebrovascular disease-asthma. On average, osteoarthritis,
rheumatoid arthritis and asthma as comorbid condition next to a cardiovascular disease had the largest
impact on physical component score. Patients with more than two diseases including at least one
cardiovascular disease had a lower score (-12.1) than when cardiovascular disease was not part of the
combination of diseases (-9.7).
Mental component score
All single cardiovascular diseases and non-cardiovascular conditions including depression, COPD and
diabetes were significantly associated with a lower mental component score compared to participants
without any of the reported diseases. On contrast, rheumatoid arthritis and osteoarthritis had a positive
score, from which only the latter was significant. From the cardiovascular diseases, heart failure was
associated with the largest reduction in the mental component score (-2.2), followed by myocardial
infarction (-2.0) and cerebrovascular disease (-1.5). The combination of cerebrovascular disease – heart
failure resulted in a lower score than the sum of the single diseases (-7.8 vs. -1.5 and -2.2, respectively).
A similar impact was observed for the combination cerebrovascular disease-osteoarthritis. Contrary to the
physical component score, an additional comorbid condition next to a cardiovascular disease did, for most
combinations, not lead to much lower mental component scores, except for depression. All combinations
of cardiovascular diseases together with depression resulted in a significant lower mental component
score compared to participants without any disease. Patients with more than two diseases including at
least one cardiovascular disease had a lower estimated score (-6.6) than when cardiovascular disease
was not part of the combinations of diseases (-5.6).
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Table 3. Impact of the single cardiovascular diseases, combinations of cardiovascular diseases,
combinations of cardiovascular diseases with non-cardiovascular comorbid conditions and single noncardiovascular conditions on the physical component score and the mental component score compared
to those without any diseases.
(Constant)
Myocardial infarction only
Cerebrovascular disease only
Heart failure only
Myocardial infarction & cerebrovascular disease
Myocardial infarction & heart failure
Cerebrovascular disease & heart failure
Myocardial infarction & rheumatoid arthritis
Myocardial infarction & depression
Myocardial infarction & asthma
Myocardial infarction & COPD
Myocardial infarction & diabetes mellitus
Myocardial infarction & cancer
Myocardial infarction & osteoarthritis
Cerebrovascular disease & reumathoid arthritis
Cerebrovascular disease & depression
Cerebrovascular disease & asthma
Cerebrovascular disease & COPD
Cerebrovascular disease & diabetes mellitus
Cerebrovascular disease & cancer
Cerebrovascular disease & osteoarthritis
Heart failure & rheumatoid arthritis
Heart failure & depression
Heart failure & asthma
Heart failure & COPD
Heart failure & diabetes
Heart failure & cancer
Heart failure & osteoarthritis
Depression only
Asthma only
COPD only
Diabetes only
Cancer only
Osteoarthritis only
Rheumatoid arthritis only
2 diseases without CVD
≥ 2 diseases without CVD
≥ 2 diseases including CVD
Higher education/University†
Lower education†
Other education†
Age, at baseline
Sex, women vs. men

Physical component score
β
95% CI
57.21 57.03 57.40**
-2.36
-3.35
-1.31**
-4.94
-5.84
-4.03**
-3.61
-4.90
-2.31**
-8.47
-13.47 -3.47**
-7.70
-9.62
-5.77**
-7.81
-12.75 -2.87**
-6.75
-11.30 -2.20**
-4.25
-6.84
-1.67**
-4.47
-8.35
-0.59*
-4.00
-8.19
0.20
-7.39
-11.45 -3.33**
-1.86
-4.76
1.05
-6.70
-9.75
-3.66**
-8.49
-13.14 -3.84**
-7.78
-10.06 -5.50**
-8.00
-11.95 -4.04**
-6.69
-11.64 -1.74**
-7.95
-11.31 -4.59**
-9.74
-13.43 -6.06**
-10.02 -12.76 -7.27**
-10.04 -16.55 -3.53**
-5.71
-9.36
-2.07**
-14.75 -19.09 -10.42**
-7.39
-12.91 -1.87**
-5.59
-8.95
-2.23**
-4.04
-8.06
-0.01*
-9.02
-12.25 -5.79**
-2.21
-2.54
-1.87**
-1.70
-1.87
-1.53**
-2.48
-2.74
-2.23**
-2.21
-2.54
-1.87**
-0.97
-1.20
-0.74**
-5.20
-5.39
-5.01**
-5.97
-6.32
-5.61**
-5.34
-5.50
-5.18**
-10.28 -10.59 -9.98**
-12.66 -13.61 -11.71**
1.20
1.11
1.29
-0.44
-0.52
-0.35**
-0.17
-0.45
0.10**
-0.05
-0.05
-0.05**
-0.78
-0.85
-0.70**

Mental component score
β
95% CI
50.07 49.85 50.28**
-1.95 -3.00 -0.89**
-1.49 -2.58 -0.41**
-2.17 -3.68 -0.66**
-2.52 -8.29 3.25
-3.35 -5.49 -1.22**
-7.79 -13.28 -2.30**
-5.09 -10.42 0.24
-14.00 -17.08 -10.92**
-0.32 -4.67 4.03
-0.50 -4.87 3.88
-0.51 -4.36 3.35
-1.03 -4.76 2.71
-3.89 -7.04 -0.74*
-0.39 -6.55 5.78
-11.50 -14.15 -8.85**
-1.32 -5.82 3.19
-1.16 -7.38 5.06
-0.80 -4.29 2.68
-0.49 -4.46 3.48
-5.58 -8.70 -2.46**
-1.86 -8.68 4.97
-15.22 -18.49 -11.95**
0.81
-3.56 5.17
-1.00 -6.75 4.74
-2.08 -7.27 3.11
-1.84 -6.07 2.39
1.18
-2.75 5.11
-8.86 -9.03 -8.69**
0.01
-0.18 0.20
-0.78 -1.08 -0.49**
-0.44 -0.84 -0.04*
-0.26 -0.52 -0.01*
0.83
0.61
1.05**
0.11
-0.32 0.54
-4.00 -4.18 -3.82**
-5.70 -6.06 -5.34**
-6.66 -7.65 -5.67**
-0.17 -0.28 -0.06**
-0.51 -0.61 -0.41**
-0.64 -0.96 -0.33**
0.10
0.09
0.10**
-1.51 -1.60 -1.43**

4.2

Abbreviations: COPD Chronic Obstructive Pulmonary Disease; CVA cerebrovascular disease HF heart failure; MI
myocardial infarction; RA rheumatoid arthritis
* = p value < 0.05 ** p-value <0.01
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Figure 1. Impact of the single cardiovascular diseases, combinations of cardiovascular diseases,
combinations of cardiovascular diseases with non-cardiovascular comorbid conditions and single noncardiovascular comorbid conditions on the Physical Component Scale and the Mental Component Scale
compared to those without measured diseases
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DISCUSSION
We provide quantitative estimates showing that compared to several cardiovascular diseases alone, all
combinations of a cardiovascular and a non-cardiovascular comorbid condition had a lower score on the
physical health, but only few combinations impacted on mental health.
The findings of the present study agree with a number of observations made previously. Generally, like
the present study, an inverse relation between cardiovascular diseases and perceived physical health is
demonstrated.19–23 In addition, and in line with others, we observed lower physical component scores for
patients with a history of cerebrovascular disease compared to patients with previous myocardial
infarction21 or other cardiovascular diseases.22,24,25 Most previous studies investigating the role of
comorbidity on physical health, focused on the presence or number of comorbid conditions and showed
a (linear) adverse association between comorbid conditions and physical health.7,18,20,26–28 Studies
focusing on disease combinations are less common.7,18,22,28–31 Importantly, hardly any of these studies
focused on cardiovascular disease specifically. Previous studies focusing on musculoskeletal diseases
confirmed our finding that these diseases together with cardiovascular disease have an important adverse
impact on physical health.18,28 Our finding that asthma has a major effect on physical health when in
combination with cardiovascular disease was similar to that observed in another study where the
researchers observed mean physical scores that were 7.7 and 6.6 points lower for additional asthma in
patients with heart disease and stroke, respectively.22

4.2

Unlike many previous studies, our study population was based on the general population thus including
participants without any disease. That unique feature enabled us to quantify the impact of cardiovascular
disease and its combinations on both component scores compared to those without the conditions,
whereas previous studies mainly provided mean or median scores of the component scores of patient
groups. Furthermore, we expanded the current evidence by showing that some combinations of diseases
including cardiovascular disease caused a larger reduction than the sum of the respective single disease.
This was especially the case for the combinations myocardial infarction – heart failure, myocardial
infarction – diabetes, heart failure – asthma cerebrovascular – disease asthma on the physical component
scale and cerebrovascular disease – heart failure cerebrovascular disease-osteoarthritis on the mental
component scale.
Similar to our study, relatively many studies did not observe an impact, or observed only a small impact,
of comorbid conditions on the mental component, whereas these studies did observe an effect on the
physical component.7,18,20,29,31,32 In addition, many of these studies reported similar mental component
scores for different diseases. A possible explanation is that when sickness or injury occurs, individuals
often reappraise the values and activities that have given their lives meaning.33 Additionally, patients with
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heart failure, cerebrovascular disease, and a previous myocardial infarction may feel fortunate that they
are still alive.
Previous studies showed high prevalences of comorbidity among patients with cardiovascular disease.7–
10,20 Indeed,

Berg et al. investigated HRQoL scores across different cardiovascular diseases reported that

66% of their study population had at least one comorbid condition.20 We and others showed a large
impact of cardiovascular disease, non-cardiovascular disease and the combinations of both on perceived
physical health.
For some combinations, the impact was far greater than the sum of the respective single diseases. These
findings stress the importance of considering comorbidity when assessing HRQoL. In addition, these
results could also help creating awareness and identifying patients with the largest perceived health
deficits and who may most benefit from health interventions. Physicians may be extra alert about HRQoL
when the patient has combinations of diseases such as cerebrovascular disease-cancer, heart failureasthma, heart failure-rheumatoid arthritis or combinations with depression, and refer patients to for
example a mental health coach or occupational therapy.
Strengths of this study include the use of data from a large population-based study, which enabled us to
assess the HRQoL across different cardiovascular diseases and determine their impact with and without
comorbid conditions. We determined HRQoL with the RAND questionnaire which is proved to be a valid
measure to assess HRQoL, with relatively low floor and ceiling effects, good internal consistency and high
test- retest reliability.34 Some limitations should be considered. We assume that there is some selective
non-response as the most critically ill patients probably do not participate in prospective cohort studies.
As a result, the patients with cardiovascular disease or any of the comorbid conditions may be relatively
‘healthier’ than the entire target disease population. This notion may bias the mean levels of the physical
and metal component scores to higher level, and thus may have resulted in underestimation of differences
in physical and mental component scores between the disease groups and the disease free population.
In conclusion, compared to the cardiovascular diseases alone, all combinations had a lower estimated
score on the perceived physical health, but only few combinations on mental health. The results of this
study emphasize the importance of comorbid conditions in the relation between cardiovascular disease
and physical-HRQoL and to a lesser extent for mental-HRQoL.
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DATA SUPPLEMENT I
Data Supplement: Additional information data collection
1. Patient characteristics
Education
Highest completed education. Categorized into low (none, primary education up to those completing
secondary education), vocational education and high (higher vocational education and university).
Smoking
Question: “Do you smoke now or have you smoked in the past month?”
BMI
Trained technicians measured each individual’s height and weight. Body weight was measured without
shoes with 0.1 kg precision. Height was measured to the nearest 0.5 cm. Body Mass Index (BMI) was
calculates as weight (kg) divided by height squared (m2).

2. Overview of how diseases are defined as present
2.1 Cardiovascular diseases
Heart failure
Question: “Do you have heart failure (decreased pumping of the heart)?”
Question: “If yes, what year did you get heart failure?”  Respective year should be no less than 5 years
prior to the date the participant filled in the questionnaire
Myocardial infarction
Question: “Have you ever had a heart attack?”
Question: “If yes, what year did you get heart failure?”  Respective year should be no less than 5 years
prior to the date the participant filled in the questionnaire
Cerebrovascular disease
Question: “Have you ever had a stroke?”
Question: “If yes, what year did you get heart failure?”  Respective year should be no less than 5 years
prior to the date the participant filled in the questionnaire
2.2 Non-cardiovascular diseases
Asthma
Question: “Have you ever had asthma?”
Question: “If you ever had asthma, was this confirmed by a doctor?”
Cancer
Question: “Do you have cancer, or have you had cancer?”
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Chronic Obstructive Pulmonary Disease (COPD), emphysema or chronic bronchitis
Question: “Do you have COPD, emphysema or chronic bronchitis?”
Depression and/or mania, self-reported depression and/or (ever) manic depressive disorder (bipolar
disorder)
Question: “Could you indicate which of the following diseases you have (had)?: Depression.”
Question: “Could you indicate which of the following diseases you have (had)?: Manic-depressive
disorder.”
Diabetes mellitus
Question: “Do you have diabetes?”
Osteoarthritis
Question: “Could you indicate which of the following diseases you have (had)?: Osteoarthritis (joint
degradation).”
Rheumatoid arthritis
Question: “Could you indicate which of the following diseases you have (had)?: Rheumatoid arthritis (joint
inflammation).”

4.2
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ABSTRACT
Introduction
High pill burden is a widespread problem in patients with cardiovascular disease (CVD) and leads to low
medication adherence. A potential strategy to increase adherence has been suggested through the use
of fixed dose combination (FDC) pills, i.e. one pill in which several pharmacological agents including statin,
blood pressure lowering agent with or without a combination with a anti-platelet agent, are combined.
Methods
We used electronic medical record data of patients registered in general practices in the Utrecht area, the
Netherlands. We included patients with a history of heart failure (HF), peripheral arterial disease (PAD),
coronary heart disease (CHD) and/or cerebrovascular disease (CVA). In these patients, we used
prescription records from agents that were prescribed in the last 4 months of follow-up. We determined
(I) how many pills per day were prescribed (II) the natural use of different agents of the FDC and (III) how
many pills can potentially be replaced when FDC pills would be introduced.
Results
Patients with a history of HF had the highest number of prescribed pills per day (7), followed by those with
CHD (6), PAD (5) and CVA (5). The combination of a statin, any BP-lowering agent and an anti-platelet
agent was most prescribed for patients with CHD (37%) compared to other cardiovascular diseases (1628%). Without anti-platelet agent, these percentages were 49% for patients with CHD and 36-40% for
other CVDs. Changing from separate agents to FDC pills could result in up to 4 less pills per day,
depending on type of CVD and included agents in the FDC.
Discussion
The majority of the patients with CVD already uses the individual components of a FDC. Combining these
components into one pill seems to be an effective strategy to decrease pill burden in patients with CVD.
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INTRODUCTION
One of the key markers in today’s healthcare delivery system is the use of prescription medications.
Indeed, current guidelines for patients after a symptomatic cardiovascular disease event recommend the
use a lipid-lowering agent, BP-lowering agents, potentially anti-platelet therapy in combination with drugs
that are more specific for the type of cardiovascular event.1 Furthermore, patients often use drugs for noncardiovascular disease comorbid conditions.2,3 Polypharmacy has a major impact on a variety of aspects,
including quality of life.4,5 Furthermore, it is well established that polypharmacy, or a high pill burden,
leads to lower adherence to the prescribed drugs.6,7 Adherence estimates of 50% or lower when
individuals are prescribed 4 or more drugs have been reported.7 A low adherence to prescribed drugs is
associated with excess event risk, unnecessary costs for prescription of the not-used drugs, and increase
in diagnostic and therapeutic procedures.
For cardiovascular prevention a potential strategy to increase adherence has been suggested through
the use of fixed dose combination pills, i.e. one pill in which several pharmacological agents including
statin, blood pressure lowering agent with or without a combination with aspirin, are combined.8 The
fixed dose combination approach has been shown to increase adherence in randomized controlled
trials when compared to usual care.9,10 Furthermore, almost exclusively patients prefer the fixed dose
combination above the use of the individual components.11
We set out to assess in routine general practice the pill burden in patients with various types of
cardiovascular disease and to estimate to what extent the use of fixed dose combination may lower the
pill burden.

4.3

METHODS
Data source
We used data from the Julius General Practitioners Network (JGPN) -database. The JGPN-database
contains anonymously extracted electronic medical records from all patients registered in 53 general
practices in the Utrecht area, the Netherlands. In the JGPN database diagnoses of registered patients
are coded by the general practice according to the International Classification of Primary Care (ICPC) as
part of the routine clinical practice. The JGPN population is considered representative of the Dutch
population with regards to sex and age.12 This study was conducted in accordance with the privacy
legislation in the Netherlands and the regulations of the Dutch Data Protection Authority.
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Data collection
To assess the pill burden we choose to use data from 226,670 patients of 18 years and older who were
registered at one of the general practices of the JGPN for at least 4 months after January, 1st 2015.
January 1, 2015 was chosen as from this date onwards electronically prescribing of medications was
obligatory. The date to which we had clinical data available differed among the patients, because data
from the different general practices were not extracted on the exact same date, however, within 6 months
from another. To identify patients with a history of cardiovascular disease the electronic medical record
data of the patients were screened for the presence of different diagnostic codes: for heart failure (ICPC:
K77), for peripheral arterial disease (ICPC: K92, K99.01-K99.03), for coronary heart disease (ICPC: K74
- K76) and for cerebrovascular disease (ICPC: K90). The time window we allowed to identify patients
with cardiovascular disease in general practice was from January 1st 2008 onwards or from the date the
patient was registered in the GP practice if the patient was enrolled after January 1st 2008. We excluded
agents that were prescribed for acute conditions, vitamins, mineral supplements and dermatological
drugs. Anatomical Therapeutic Chemical (ATC) codes of the agents that were included were A01-A03,
A05, A08-A10, A14, A16, B01-C10, H01, H03-H05, L01-N07, S01-S03 and that were prescribed in the
last 4 months of follow-up (2015-2016).
The agents were then classified into three groups: agents for CVD, agents for diabetes mellitus and
agents for conditions other than CVD or diabetes mellitus. In addition, agents were categorized in antiplatelet agents including aspirin, clopidogrel and dipyridamole; lipid-lowering agent(s) including statin; and
blood

pressure-

(BP)

lowering

agents

including

angiotensin-converting

enzyme

(ACE)

inhibitors/angiotensin receptor blockers (ARB), beta blockers, calcium channel blockers and diuretics. If
an ATC coded agent contained more than one pharmacological agent, it was categorized into the different
groups accordingly. Though, it was still counted as one pill when calculating the number of pills prescribed
per day. Unquantifiable information about the frequency of the drug, e.g. “if necessary”, was coded as 1
pill per day. When a subject used insulin as blood glucose lowering medication, this was counted as one
pill. Using information on dosage frequency we calculated for each individual subject the number of
prescribed pills per day.
Data analyses
Results are presented in strata of cardiovascular disease. Normally distributed continuous variables were
presented with a mean and standard deviation and skewed distributed variables were presented with a
median and interquartile range. Categorical variables were presented as percentage from the total
cardiovascular group. If a patient had more than one cardiovascular disease, e.g. heart failure and
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coronary heart disease, the patient was included in the heart failure as well as coronary heart disease
calculations. First, we determined in strata of type of cardiovascular disease, the number of prescribed
pills per day for cardiovascular disease, diabetes mellitus and for non-cardiovascular conditions. Next,
prevalence of prescription of groups of agents are presented in strata of cardiovascular disease.
Then, we presented the prevalences of those who already had a prescription for an ATC coded agent
containing more than one pharmacological agent, i.e. an already available fixed dose combination. Finally,
we assessed what the benefit in terms of reduction of pills to be taken would be when proposed fixed
dose combinations would be prescribed rather than individual pills. Lastly, we calculated how many pills
per day could be replaced when switching to certain fixed dose combinations.
RESULTS
From the JGPN database, we identified 3,290 patients with heart failure, 2,846 with peripheral arterial
disease, 9,487 with coronary heart disease and 3,261 with cerebrovascular disease (Table 1). Patients
with heart failure were on average the oldest with a mean age of 77 (SD: 12) years, and more often
women (55%) compared to the other cardiovascular conditions.
Pill burden
The number of prescribed pill was very high in all patients with previously established cardiovascular
disease. Those with heart failure had the highest number of prescribed pills with a median of 7 pills per
day, followed by coronary heart disease (6) and cerebrovascular disease (5) and peripheral arterial

4.3

disease (5). Glucose lowering medication was prescribed between 16% (cerebrovascular disease) and
22% (heart failure) of the patients. The median number of pills per day for cardiovascular disease ranged
from 2 in patients with peripheral arterial disease to 4 in those with heart failure. 1-3 pills were prescribed
for treatment of non-cardiovascular conditions. Importantly, 14% (peripheral arterial disease) to 26%
(heart failure) had 6 or more pills prescribed for non-cardiovascular and non-diabetic reasons (Table 1).
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Table 1. Baseline characteristics of the studied population and the number of pills prescribed per day for
cardiovascular disease, diabetes mellitus and non-cardiovascular conditions. Results presented in strata
of cardiovascular disease.

No. of patients
Sex (men)
Age, mean (SD)
Total pills per day, median (IQR)
Pills per day for CVD, median (IQR)
Pills per day for CVD, in categories
0 pills
1 pill
2-3 pills
4-5 pills
≥6 pills
Pills per day for diabetes mellitus, median (IQR)
Pills per day for diabetes mellitus, in categories
0 pills
1 pill
2 pills
≥3 pills
Pills per day for non-CVD conditions, median (IQR)
Pills per day for non-CVD conditions, in categories
0 pills
1 pill
2-3 pills
4-5 pills
≥6 pills

HF
n
%
3,290
1,466 45
77 (12)
7 (4-11)
4 (2-6)

PAD
n
%
2,846
1,499 53
66 (16)
5 (2-8)
2 (0-4)

CHD
n
%
9,487
5,695 60
70 (12)
6 (3-9)
3 (1-5)

CVA
n
%
3,261
1,665 51
70 (13)
5 (3-9)
3 (1-5)

476
334
762
881
837
0 (0-0)

15
10
23
27
25

846
305
734
626
335
0 (0-0)

30
11
26
22
12

1,703
839
2,508
2835
1602
0 (0-0)

18
9
26
30
17

653
346
899
908
455
0 (0-0)

20
11
28
28
14

2,551
242
235
262
3 (1-6)

78
7
7
8

2,323
183
158
182
1 (0-4)

82
6
6
6

7,756
516
563
652
2 (0-4)

82
5
6
7

2,750
160
167
184
2 (0-4)

84
5
5
6

660
548
747
490
845

20
17
23
15
26

947
499
651
338
411

33
18
23
12
14

2,679
2,059
2,093
1,134
1,522

28
22
22
12
16

973
582
734
376
596

30
18
23
12
18

Abbreviations: CVA cerebrovascular disease; CVD cardiovascular disease; CHD coronary heart disease; HF heart
failure; IQR interquartile range; PAD peripheral arterial disease; SD standard deviation
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Natural use of cardiovascular fixed dose combination components
Patients with coronary heart disease and cerebrovascular disease had the highest prescription rate for
anti-platelet agents (61% and 60%, respectively) (Table 2). Lipid-lowering were most often prescribed to
patients with coronary heart disease (65%). Patients with heart failure had the most often a prescription
for BP-lowering agents (85%) whereas patients with peripheral arterial disease had the lowest prevalence
(67%). All different BP-lowering agents were most prevalent in patients with heart failure, except for
calcium channel blockers (Table 2).

Table 2. The prevalence of prescribed cardiovascular medication in strata of cardiovascular disease
HF
Anti-platelet agent(s)
Aspirin
Clopidogrel
Dipyrodamole
Lipid-lowering agent(s)
Statin
BP-lowering agent(s)
Beta blocker
ACEi and/or ARB
Diuretic
CCB

PAD

CHD

CVA

n

%

n

%

n

%

n

%

907
627
151
54
1,306
1,268
2,600
1,635
1,556
2,048
589

30%
19%
5%
2%
43%
39%
85%
50%
47%
62%
18%

1,208
837
189
70
1,317
1,267
1,584
844
1,069
823
546

51%
29%
7%
3%
56%
45%
67%
30%
38%
29%
19%

5,226
3,434
586
136
5,568
5,301
6,653
4,257
4,314
2,930
2,036

61%
36%
6%
1%
65%
56%
78%
45%
46%
31%
22%

1,743
852
677
451
1,676
1,629
1,994
945
1,256
1,078
696

60%
26%
21%
14%
58%
50%
69%
29%
39%
33%
21%

4.3

Abbreviations: ACEi angiotensin-converting enzyme inhibitor; ARB angiotensin receptor blockers; BP blood pressure;
CCB calcium channel blockers; CVA cerebrovascular disease; CHD coronary heart disease; CVD cardiovascular
disease; HF heart failure; PAD peripheral arterial disease

Already available fixed dose combinations
The prescription rate of already available fixed dose combinations was very low, except for ACE inhibitors
combined with diuretics and ARBs combined with diuretics. Those combinations were predominantly
prescribed to patients with coronary heart disease and cerebrovascular disease (Table 3).
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Table 3. Prevalence of prescribed already available fixed dose combination
HF
Combination of agents (ATC)

n

PAD
% n %

CHD

CVA

n %

n %1

Beta blocking agents and diuretics

(C07B-D)

6

0 8

2

28

2

8

2

Calcium channel blockers and diuretics

(C08GA)

0

0 0

0

0

0

0

0

ACE inhibitors and diuretics

(C09BA)

30

4 33

11

127

11

56

14

ACE inhibitors and calcium channel blockers (C09BB)

3

1 3

1

14

2

0

0

ARBs and diuretics

(C09DA)

62

1 83

32

254

30

84

31

ARBs and calcium channel blockers

(C09DB)

7

4 3

2

15

3

4

2

Lipid lowering and anti-platelet agent(s)

(C10BX01- C10BX08)

0

0 0

0

1

0

0

0

C10BX08)
1: % = n of those receiving already available fixed dose combination / (those receiving both respective agents in separate
or combined form). Abbreviations: ATC Anatomical Therapeutic Chemical; ACE angiotensin-converting enzyme; ARB
angiotensin receptor blockers; CHD coronary heart disease; CVA cerebrovascular disease; HF heart failure; PAD
peripheral arterial disease

Proposed combinations of fixed dose combinations and potential benefit
In Table 4 we explored different possible combinations of fixed dose combinations. Statin, any BPlowering agent together with a prescription for an anti-platelet aggregation agent (fixed dose combination
1) was most prescribed in patients with coronary heart disease (37%) compared to other cardiovascular
diseases (16-28%). A statin and any BP-lowering agent without an anti-platelet agent (fixed dose
combination 2) was prescribed in 53% of the total study population. These agents were also most often
prescribed to CHD (49%) compared to other cardiovascular diseases (36-40%). Combinations with
diuretics were most prescribed to patients with heart failure. Changing from separate medications to fixed
dose combination 1 would result in a larger reduction of pills per day than fixed dose combination 2 or 3,
in which only BP-lowering agents are combined. However, fixed dose combination 2 would target more
patients with cardiovascular disease than fixed dose combination 1. Fixed dose combination 3 would only
target more patients with heart failure compared to fixed dose combination 2 and 1.
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Table 4. Potential reduction in number of prescribed pill to take every day when fixed dose combinations
are being prescribed instead of individual pills, in strata of history of cardiovascular disease
HF
Statin & ≥1 BP-lowering & anti-platelet (combination 1)
Statin & ≥1 BP-lowering
(combination 2)
Statin & ≥2 BP-lowering
Statin & ≥3 BP-lowering
Statin & ACEi/ARB & beta-blocker
Statin & ACEi/ARB & diuretic
Statin & ACEi/ARB & CCB
Statin & beta-blocker & diuretic
Statin & beta-blocker & CCB
Statin & diuretic & CCB
≥1 BP-lowering agent & anti-platelet
≥2 BP-lowering agent
(combination 3)
≥3 BP-lowering agent
ACEi/ARB & beta-blocker
ACEi/ARB & diuretic
ACEi/ARB & CCB
Beta-blocker & diuretic
Beta-blocker & CCB
Diuretic & CCB

n

541
1,203
1,052
726
612
688
235
698
224
271
853
2,035
1,275
1,018
1,219
386
1,270
367
451

%
16
37
32
22
19
21
7
21
7
8
26
62
39
31
37
12
39
11
14

PAD
n

694
1,032
749
417
408
404
284
311
203
208
928
1,066
558
549
560
381
427
272
285

%
24
36
26
15
14
14
10
11
7
7
33
38
20
19
20
13
15
10
10

CHD
n

3,534
4,637
3,299
1,704
2,096
1,502
1,023
1,334
855
699
4,490
4,450
2,221
2,632
2,009
1,317
1,808
1,105
932

CVA
% n
37 918
49 1,291
35 910
18 474
22 408
16 492
11 322
14 338
9
224
7
247
47 1,246
47 1,303
23 636
28 533
21 672
14 460
19 482
12 305
10 354

Fixed dose combination 1
Reduction of pills per day by patient, median (IQR)
Reduction of pills per day for total CVD group

4 (3-6)
2,430

3 (3-4)
2,588

3 (3-4)
12,721

4 (3-5)
3,542

Fixed dose combination 2
Reduction of pills per day by patient, median (IQR)
Reduction of pills per day for total CVD group

3 (2-4)
3,993

2 (2-3)
2,629

2 (1-3)
11,477

2 (1-5)
3,083

Fixed dose combination 3
Reduction of pills per day by patient, median (IQR)
Reduction of pills per day for total CVD group

2 (1-3)
4,914

2 (1-3)
2,061

2 (1-2)
8,485

2 (1-2)
2,371

%
28
40
28
15
13
15
10
10
7
8
38
40
20
16
21
14
15
9
11

4.3

Abbreviations: ACEi angiotensin-converting enzyme inhibitor; ARB angiotensin receptor blockers; BP blood pressure;
CCB calcium channel blockers; CVA cerebrovascular disease; CHD coronary heart disease; HF heart failure; IQR
interquartile range; PAD peripheral arterial disease
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DISCUSSION
The present study showed a high pill burden in all patients with previously established cardiovascular
disease, especially in those with heart failure. One third to almost half of the total number of pills were
prescribed for treatment of non-cardiovascular conditions. The majority of the patients had prescriptions
for both a statin and a BP-lowering agent. Changing from separate medications to fixed dose combination
pills could result in a large reduction in prescribed pills per day in all cardiovascular subgroups.
The median total number of prescribed pills per day ranged from 5 for patients with peripheral arterial
disease to 7 for patients with heart failure. These high numbers of pills are largely in accordance with
previous studies investigating pill burden in separate cardiovascular diseases.13–17 We observed that
patients with heart failure had the highest total pill burden and had the highest number of prescribed pills
for non-cardiovascular conditions compared to other cardiovascular diseases. This finding is likely in part
explained by their older age in the current study. In addition, patients with heart failure are more often
confronted with comorbid conditions compared to other cardiovascular diseases.18 Around one third to
almost half of the total number of pills were prescribed for treatment of non-cardiovascular conditions in
patients wit cardiovascular disease. This was similar in a previous study that observed a total pill burden
of 7 in a younger population with established cardiovascular disease or high risk for cardiovascular
disease of which 3 were prescribed for treatment of non-cardiovascular conditions.13
Pharmacological treatment is crucial in preventing the recurrence of vascular events in patients with
established cardiovascular disease. Numerous trials and meta-analyses showed that the risk of a
recurrent cardiovascular event or progression of the disease can be decreased by pharmacological
treatment.19–21 However, having such extensive medication regime as we observed in this study is a timeconsuming task.4 In addition, a high number of pills has a large negative impact on patients’
adherence.7,22,23 A previous study showed that in patients who had 4 prescriptions only 51% was
compliant.7
Combining separate agents into one fixed dose combination seems an elegant strategy to decreased pill
burden and increase adherence. Indeed, previous trials have shown that patients taking fixed dose
combination have a higher adherence over time rate compared to patients taking separate medications.9
Moreover, previous studies showed that fixed dose combination is preferred over separate medications
by the majority of the patients with established CVD and by physicians.11,24 .
Our study, like others, 24 shows in current practice of cardiovascular risk management that there is no one
fixed dose combination that is used in all patients. Various fixed dose combinations, depending on the
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type of cardiovascular disease are needed to reduce the pill burden for the patients. Already available
fixed dose combinations were only parsimoniously prescribed. Furthermore, our findings expand the focus
on the high use of non-cardiovascular medication, and the potential for fixed dose combinations of
cardiovascular agents with non-cardiovascular agents. Yet, at present, this is an unexplored area.
Strengths of this study include the large sample size of patients with CVD across different cardiovascular
subgroups with information obtained from routine clinical practice by general practitioners. This study also
has limitations. We used prescribed medication data therefore excluding over-the-counter medication,
leading to an underestimation of the number of pills taken daily. Next, we restricted our definition of current
use to medications that were prescribed in the last 4 months of follow-up. Therefore, we miss medications
that may have been prescribed for a period of 6 months or longer. Furthermore, we coded prescriptions
without information about the total of pills to take per day (35%) as 1 per day, which in turn might lead to
an underestimation of the total number of pills per day but has no influence on the estimated proportion
of patients that would benefit from fixed dose medications pills.
To conclude, in this study we observed a high pill burden in all cardiovascular subgroups. The majority of
the patients with cardiovascular disease already use a combination of the agents of the FDC. Combining
these components seems to be an effective strategy to decrease pill burden leading to an increase in
adherence.

4.3
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General Discussion

Due to improvements in medical care and the continuing ageing of the population, more patients with
cardiovascular disease have comorbidity. This phenomenon constitutes several challenges for both
patients and health care. This thesis aimed to identify the prevalence of chronic diseases in patients with
cardiovascular disease and its determinants and investigated consequences of comorbidity for patients.
Furthermore, we examined the possible association between breast cancer treatment and subsequent
cardiovascular disease. In this final chapter we discuss the main findings of this thesis. In addition,
methodological issues will be discussed together with implications for clinical practice and future study.
Key findings
1. A considerable proportion of the patients with cardiovascular disease has comorbidity. The
majority of the patients with cardiovascular disease has one or more cardiovascular or noncardiovascular comorbid conditions. Patients with heart failure, followed by patients with
peripheral arterial disease, have irrespective of age, more often comorbidity compared to patients
with coronary heart disease or cerebrovascular disease. Low vision, diabetes mellitus, back/neck
problems, osteoarthritis, COPD and cancer are the most common non-cardiovascular conditions
among patients with cardiovascular disease. These diseases rank the top 5 of most common
non-cardiovascular comorbid conditions in patients with heart failure, peripheral arterial disease,
coronary heart disease and cerebrovascular disease. This is stable over the life span and similar
in men and women.
2. Among older patients hospitalized for cardiovascular disease, there was an increase over
calendar time in those with comorbidity. The proportion of patients with cardiovascular disease
with a history of cancer increased over time.

5

3. Like in the general population, cardiovascular disease mortality has decreased in breast cancer
patients between 1996 and 2010. The absolute burden of cardiovascular disease in breast cancer
patients is considerable with nearly one out of five women having a hospital admission for
cardiovascular disease. The incidence of a cardiovascular event in breast cancer patients varies
by ethnic group. Patients from Surinam and Turkey have a higher risk for a cardiovascular event
compared to the Dutch. In contrast, Indonesian women have a lower risk for a cardiovascular
event.
4. Compared to cardiovascular disease alone, patients with a combination of a cardiovascular
disease and a comorbid condition have a lower perceived physical health, and to a lesser extent
a lower perceived mental health. For some combinations of disease conditions the health related
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quality of life is far less than what one would expect based on health related quality of life scores
of the separate conditions.
5. Finally, patients with a history of heart failure had the highest number of prescribed pills per day
(7), followed by those with coronary heart disease (6), cerebrovascular disease (5) and peripheral
arterial disease (5). Introduction of cardiovascular fixed-dose combinations could result in a
considerable decrease in pill burden in these patients.
Methodological considerations
More than half of the studies in this thesis made use of registries. A major strength of these registries is
their large sample size which enabled us to provide detailed results by sex and age. Since 1995 it is
possible to link the Dutch Hospital Discharge Register with the Population Register. This allowed us to
investigate trends in comorbidity and cardiovascular disease. The validity of this registry has proven to be
high. The accuracy of the data in the registry is high as reflected by the fact that the percentage of the
patients that were correctly registered as having the specific disease ranges from 91%- 98% for
cardiovascular diseases such as myocardial infarction, abdominal aortic aneurysm and subarachnoid and
intracerebral hemorrhage.1–4 In chapter 4.1 we extended these findings by showing that 94-98% of the
patients with a discharge code for heart failure indeed had been hospitalized for heart failure, although for
12-22% of these patients heart failure was a complication during hospital admission for another indication,
not the actual cause of the admission. Furthermore, we showed that all patients with a discharge code for
breast cancer indeed had a hospital admission for breast cancer.
The other registry of which data was used in this thesis, the Julius General Practitioners’ Network, contains
information anonymously extracted from electronic medical records from patients registered in general
practices in the Utrecht area, the Netherlands. Except for some elderly in nursing homes, all Dutch
inhabitants are obliged to be registered in a general practice. The general practitioner is the entry point
for health care and acts as a gatekeeper to specialized care. Hence, Dutch general practice data is likely
a good reflection of the overall health status of the population. As both registries are based on routine
care (in absence of an intervention) these studies give important information how common comorbidity is,
to what extent it impacts healthcare and may be informative for health care planning. Validity of the Julius
General Practitioners’ Network data depends on the coding by the general practitioner and has been
shown to be adequate for studies into prevalence, determinants and consequences.5
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A strength of this thesis is that we investigated patterns and trends in comorbidity in different domains:
the general population and in both primary and secondary care. Most studies investigating comorbidity
are conducted in a primary care setting. However, increasingly more patients in specialized care have
comorbid conditions, therefore, information how comorbidity may impact secondary care is highly
relevant.
Cohort studies, like LifeLines (chapter 2.1 and 4.2), are more prone to selective non-response than
registries. Participants of that study had to fill in a large questionnaire and visited the LifeLines research
center where they underwent clinical examination. Travelling to the research center may be too troubling
for patients with severe stages of for example, cancer, heart failure or dementia. It is likely that patients
with these comorbid diseases reflect the relatively healthier ones. This may resulted in underestimation
of the association of these diseases with health related quality of life (chapter 4.1). Studies into comorbidity
are difficult to compare in terms of prevalence since different definitions are used to define comorbidity.
In this thesis, we tried to be uniform and included comorbid conditions based on a standard list of chronic
diseases.6 Though, one can still debate whether these included conditions truly reflect the complexity of
comorbidity. Another point to note is that the prevalence of the chronic conditions can vary due to
differences in how the presence of the disease is established. For example, in chapter 2.1 and chapter
4.2 we used data from the LifeLines cohort study in which the presence of disease was established by
self-report whereas in the other of the studies in this thesis we used physician-diagnosed data. Previous
literature showed a high agreement between self-reported and physician-diagnosed presence of
myocardial infarction, cerebrovascular accident, diabetes and hypertension, but not for heart failure.7
More patients reported to have heart failure, whereas no notion of that disease was in their medical

5

records. It was suggested that this was a consequence of heart failure being a less familiar and less easily
understood diagnosis or may be a consequence of its nonspecific and intermittent symptoms.7 Another
study showed that participants were more likely to report the presence of osteoarthritis than there was
actually a notion of that disease in their medical records. It was suggested that this may be related to the
clinical manifestation of the conditions in that patients may be more likely to report the presence of these
conditions that are symptomatic but clinicians fail to note in the medical record.8 It is both possible that
heart failure and osteoarthritis may be overreported in chapter 2.1 and underreported in chapter 2.2 and
chapter 2.3. However, regardless how the presence of the disease is established, chapters 2.1-2.3 all
showed that comorbidity is most prevalent in patients with heart failure and that osteoarthritis is one of
the most prevalent non-cardiovascular comorbid conditions among patients with cardiovascular disease.
Furthermore, self-report reflects the burden felt by the individual, which in the end is important.
205

15399-Buddeke_BNW.indd 205

11-04-18 10:30

Chapter 5

Consequences of comorbidity for organization of health care
Patients with cardiovascular disease and comorbid conditions utilize significantly more often health care
services compared to patients with only cardiovascular index diseases.9,10 A Swiss study showed that
each extra comorbid condition was associated with 33% more health care costs and an increase of 3
consultations in primary and specialized care combined.11 Patients with multiple diseases are the main
users of health care, as evidenced by showing that in a population where 58% had multiple diseases,
these patients accounted for 78% of the total consultations in primary care.12 It is very likely that due to
continuing progress in health care resulting in increasing life expectancy, a growing number of
consultations will occur for patients with comorbid diseases (chapter 2.3).
Apart from the general practitioner, nursing home physician, pediatrician and the geriatrician, medical
care is largely organ-specific or disease-specific organized. Treating diseases in isolation when patients
actually have a combination of diseases can potentially lead to burdensome and inappropriate treatment
or unfeasible health care use.13 Because these patients need more complex multidisciplinary care and
have complex medication regimens, good coordination and communication between all health care
specialists is crucial in preventing adverse health outcomes. A report of the Dutch Patients and Consumer
Federation showed that, in a study population where 65% had 2 or more chronic conditions, 30% received
occasionally contradictory advice.14 10% reported that they often received contradictory advice. In
addition, patients reported about miscommunication between specialists and between the specialist and
the general practitioner. For example, a patient reported that a specialist did not look into his medical file
and performed the same clinical examinations and blood tests that were already tested by a different
specialist recently. Or a case that an adverse reaction to a certain medication during hospitalization was
only reported to the general practitioner six months after hospitalization. In the meantime, the general
practitioner prescribed that specific medication to the patient.14
What’s more, treatment recommendations in medical guidelines are often based on evidence from
randomized controlled trials in which patients with comorbidity are generally not included.15 As a result,
these guidelines are largely configured around single diseases and usually do not take comorbidity into
account. Fortunately, an increasing number of medical guidelines incorporate information about treatment
in the presence of comorbidity.16 For example, a guideline for treating coronary heart disease includes
recommendations for comorbid condition such as diabetes, rheumatoid arthritis and chronic kidney
disease or a guideline for cardiovascular risk management in frail elderly. 16,17 There is however room for
further improvement as these guidelines often discussed comorbidity in general, with only few specific
treatment recommendations. In addition, the evidence for these recommendations was generally limited,
of moderate to poor quality or inadequately translated into the guidelines.18
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Future perspectives for clinical guidelines and research
Findings in this thesis underline the high prevalence of comorbid conditions and polypharmacy in patients
with cardiovascular disease. These results can act as a starting point in the revision of medical guidelines
to become more suitable for patients with comorbid conditions. For instance, results from this thesis may
inform future researchers which comorbid conditions are most prevalent and may need priority in studying
the interference of the comorbid conditions on the management of the respective cardiovascular disease.
Other points of interest to make guidelines more suitable for patients with more conditions is to provide
more information about the expected benefits from starting a specific intervention such as absolute risk
reductions, numbers needed to treat and numbers needed to harm in the context of a clear time frame.19
This may help physicians in choosing certain treatments above another in patients with comorbid
conditions or stopping treatment because of limited benefit.20 Importantly, more information in the
guideline about the generalizability of the study results to ‘real world’ patients is needed, considering
difference in age, sex, ethnicity and comorbid conditions.9
There is an immense need for studies investigating how to manage patients with comorbidity and align
health care to their needs. Although studies investigating how to manage patients with comorbidity are
becoming more prevalent, evidence on effectiveness remains inconclusive due to the relatively small
numbers of randomized controlled trials with mixed overall results.21 Though, the results of a previous
systematic review showed that interventions in primary care that are targeted at comorbid depression
may be effective.21 In one of these studies, trained general practice nurses acted as case managers in
patients with depression and coronary heart disease, diabetes or both. They were responsible for
following the respective guidelines and for referrals to appropriate services, such as allied health and
mental health professionals through discussion with the general practitioner. In the intervention group
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more patients started to exercise, visited mental health workers and there was a clinical relevant decrease
in mean depression scores.22 In addition, the systematic review showed that two studies specifically
targeted at functional difficulties had a positive effect on physical outcomes. In one of these studies
occupational and physical therapy sessions were given to instruct predominantly multimorbid elderly
participants on subjects such as compensatory strategies, home modifications and balance and muscle
strength exercises. Two years after the intervention the intervention group had significantly lower mortality
risks. However, at three years no significant difference was observed.23 In the other study a three-month
occupational therapists led program was investigated in patients with multimorbidity and showed
significant improvements self-efficacy, independence in daily activities and quality of life. However, in this
study the outcomes were tested only two weeks after the intervention.24 E-health and telemedicine may
be other potential strategies to enhance managements of patients with multiple diseases.16 These
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strategies may support patients with comorbidity by for example educate and empower them in self-care
and support patients by checking their coping behaviours and adherence to treatment.25 Again, evidence
is limited, especially for patients with comorbidity and elderly. Another point of research that is not clear
yet is the effect of longer consultation times. A 10-15 minute consultation is considered too short to provide
care to patients with comorbid conditions.26 It seems plausible that longer consultation time could result
in more preventive health advices and increased patient satisfaction. However, a review from 2016
investigating this subject could only include five trials and all studies had methodological weaknesses.27
Hence, further research is still needed. Another challenging strategy to enhance management of patients
with comorbidity and provide integrated care may be by developing one overall electronic health record.
Combined information of all health professionals from both inside and outside the hospital together with
information about current prescribed medication in one, accessible electronic database will most likely
improve a number of things, such as less contradictory advice, health recommendations taking other
comorbid conditions into account, less time needed to clarify current medication use and so on.
Consequences of comorbidity for patients with cardiovascular disease
In chapter 1 a hypothetical case was introduced: a 72 year old woman with heart failure, type 2 diabetes,
osteoarthritis, depression and a history of breast cancer was introduced. We now know that her diseases
frequently co-occur and that a high pill burden is no exception (chapter 2.1-2.3, 4.3). 7-11 pills per day
were the median number of pills for patients with heart failure, cerebrovascular disease, coronary heart
disease or peripheral arterial disease (chapter 4.3). To take all medications according to prescription is
time-consuming task, especially when pills should be taken at different time points during the day.16,28 A
high pill burden is associated with lower quality of life, non-adherence and increased risk of adverse
interactions.29–31 Next to adhering to sometimes complex medication regimes, patients with comorbidity
have other time-consuming tasks such as scheduling and attending appointments with a physician,
rehabilitation programs, educational programs or support groups, dedicated diet and so forth.16,32 In a
previous study in which 24% of the study population had five or more chronic conditions which was equal
to a median of 18 to 27 hours each month spend on health related activities, which did not include
exercise. The top 10% of these patients spending most on health related activities devote a median of 80
hours a month on these activities.32 Next to this workload, older patients are often additionally confronted
with geriatric conditions such as memory problems, mental problems, impaired mobility and stability,
incontinence, impaired hearing or vision.33 These problems make the patients increasingly vulnerable
because they may lead to impaired self-reliance and a decrease in self-management skills. The presence
of multiple conditions makes it for these patients with very difficult to find their way through health care.
208

15399-Buddeke_BNW.indd 208

11-04-18 10:31

General Discussion

Without guidance these older patients might lose the overview of all different health advices.33 In chapter
4.2 we investigated the association between cardiovascular diseases and comorbid conditions on the
health related quality of life. Health related quality of life, expressed in a physical and mental component,
is lower in patients with cardiovascular disease compared to patients without chronic conditions.
Compared to cardiovascular disease alone, combinations of a cardiovascular disease and a comorbid
condition had a lower perceived physical health, and to a lesser extent mental health. For some
combinations of diseases physical health scores were far lower than what one would expect based on the
scores of the separate diseases. The physical component is mainly influenced by physical capabilities,
like bending over or walking stairs. Therefore, it may not be a surprise that particularly musculoskeletal
conditions, asthma and COPD were associated with lower physical health. Because these diseases are
also very prevalent among patients with cardiovascular disease (chapter 2.1-2.3), many patients with
cardiovascular disease experience a considerable decrease in physical health.
Future perspectives to enhance care for patients with cardiovascular disease and comorbidity
The overview of the prevalance of disease combinations in this thesis aims to create awareness.
Specialised physicians can provide better, more integrated care if they are more aware of the overall
health care status of the patients and not merely their disease of interest. For instance, if the vascular
surgeon knows that the patients has painfull joints due to a musculoskeletal diseases he or she may alter
his/her recommendations for walking therapy in a patient with peripheral arterial disease. Or, for example,
awareness about the presence of a gastric condition may prevent a orthopedic surgeon from prescribing
NSAIDs after hip replacement surgery. Findings in these thesis may also shape initiatives that exceed the
boundaries of the separate specialisms. Bundled expertise from different health care providers can be
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used to align health care to the needs of patients with multiple diseases. For instance, a vascular unit
which has twice a week a multidisciplinary consultation with a rheumatologist to ensure the best treatment
for the large group of patients with cardiovascular diseases and musculoskeletal diseases. Or, for
example, enabling specialists to work closely together with the general practitioner to tune care by setting
up combined consultations. This may not only improve integrated care, but would for example for the
hypothetical 72 year old woman also mean that she would be less burdened by travelling to all separate
locations for consultations with different physicians. In addition, the hypothetical 72 year old woman has
both heart failure and depression which is associated with much lower mental-health related quality of life
(chapter 4.1). Osteoarthritis in co-occurrence with heart failure also likely results in lower physical-health
related quality of life. Increasing awareness about which combinations of diseases may have a negative
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impact on health related quality of life may stimulate doctors into referring to for instance occupational
therapists or mental (E-)health programs.
In chapter 4.3 we showed that already available fixed dose combinations, such as ACE inhibitors together
with diuretics or calcium channel blockers, were only parsimoniously prescribed to those with prescriptions
for the respective agents. For the 72 year old hypothetical woman with multiple conditions including heart
failure a fixed dose combination with an ACE inhibitor and a diuretic would mean that she can, depending
on dosage, take one or two pills less per day.
Their holistic view makes the general practitioner (or in practice the nurse practitioner) the designated
health care professional to take a coordinating role in realizing a univocal strategy to treat all diseases.
This holistic view together with the continuous professional relationship with the patient enables general
practitioners, possibly more than specialized physicians, to inquire which diseases are most bothersome
to the patient. Clarifying what is most important to the patient, for example lengthening of life, maintaining
independence decreasing pill burden, can help to prioritize optional treatments that may best suit these
goals. The National Institute for Health and Care Excellence (NICE) guideline on multimorbidity offers
guidance on how to prioritize treatment, to establish which (non-pharmacological) treatment could best
be initiated, reduced or stopped in patients with multiple conditions.34 This guidelines reported that for
many treatments little or no evidence exists about benefits and harm over longer periods of treatment. In
case of older patients with multiple conditions, it is plausible that harms outweighs benefits due to adverse
events or that current treatments do not suit their personal health priorities.34 In addition, many older
patients with multiple conditions take preventive medication. However, in some cases these preventive
medications may only offer small benefits because of reduced quality of life from other causes. In such
cases, these medications add to the treatment burden without adding quality of length of life.34 The
guideline also proposes that physicians could prioritize appointments or may seek alternative ways for
follow-up in order to reduce treatment burden in terms of travelling to all different appointments.34
Enhancing management of patients with comorbidity and providing integrated care is one of the major
challenges for health care today. However, we need to bear in mind that one wants to reach an old age
in the best health possible and without needing complex care for different diseases. Our initial goal should
be to age healthily and stay disease free for the longest time possible. Hence, prevention remains one
the most important factors to reach this goal.
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To conclude, the results presented in this thesis provide important information about the prevalence of
comorbidity in patients with cardiovascular disease. The same comorbid conditions were prevalent in men
and women throughout the life course. It is likely that due to continuing progress in health care resulting
in increasing life expectancy, health care will increasingly be confronted with patients with comorbidity.
Organizational adaptations are required in the health care system to accommodate comorbid conditions
in patients with cardiovascular disease to ensure safe, efficient and effective treatment.
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Summary
Due to improvements in medical care and the continuing ageing of the population, more patients with
cardiovascular disease have comorbidity. This phenomenon constitutes several challenges for both
patients and health care. In this thesis we investigated comorbidity in patients with cardiovascular disease.
First, we identified chronic disease combinations and clusters of chronic diseases in patients with
cardiovascular disease. Second, we focused on the co-occurrence of two major disease groups:
cardiovascular disease and cancer. Lastly, we evaluated the consequences of comorbidity for patients by
investigating comorbidity in relation to the number of chronic medications prescribed as well as the
perceived quality of life of patients with cardiovascular disease and comorbidity.
In the second chapter of this thesis (chapter 2.1 – 2.3) we examined the prevalence of comorbidity and
the most prevalent comorbid conditions in patients with cardiovascular disease. In chapter 2.1 we
investigated this in the general population, using data of the LifeLines cohort study. In 99,539 patients
aged 40 to 80 years old we examined the age and sex standardized prevalences of cardiovascular and
non-cardiovascular comorbid conditions in patients with heart failure, peripheral arterial disease,
myocardial infarction, stroke, pulmonary embolism and/or heart rhythm disorders. 44% of the patients with
heart failure had another cardiovascular condition. This percentage was 12 to 33% for those with other
cardiovascular diseases. 56% to 71% of the patients with cardiovascular disease had another noncardiovascular comorbid condition among which depression, diabetes, hearing problems, COPD,
osteoarthritis, migraine and cancer were the most common with prevalence estimates from 5% to 22%.
In chapter 2.2, we examined the most prevalent comorbid conditions in patients with cardiovascular
disease in the primary care population. We used electronic medical record data of 226,670 patients and
calculated prevalences of one and combinations of two comorbid conditions in age and sex strata in four

&

cardiovascular disease populations, i.e. patients with heart failure, peripheral arterial disease, coronary
heart disease and/or cerebrovascular disease. In addition, we examined which comorbid conditions were
significantly more prevalent in patients with the specific cardiovascular disease compared to those without
the respective disease. Low vision, diabetes mellitus, back/neck problems, osteoarthritis, COPD and
cancer were the most prevalent non-CVDs and ranked the top 5 of non-cardiovascular comorbid
conditions in the four different cardiovascular diseases, irrespective of age and sex. Of these, diabetes,
COPD and low vision were significantly more prevalent in all cardiovascular diseases compared to
patients without the respective disease. Over the life span, the majority of the comorbid conditions were
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most prevalent in patients with heart failure, directly followed by peripheral arterial disease and somewhat
less prevalent in coronary heart disease and cerebrovascular disease.
In chapter 2.3 we investigated the prevalence of comorbidity between 2000 and 2010 in patients with
cardiovascular disease. We identified 2,397,773 admissions for cardiovascular disease in the Hospital
Discharge Register between 2000 and 2010. Comorbidity was present in 38%. In heart failure, peripheral
arterial disease, coronary heart disease and cerebrovascular accident this was 54%, 46%, 40%, and 32%,
respectively. Cardiovascular disease was the most frequent comorbid condition, though became less
prevalent over time (men -5%; women: -2%), whereas non-cardiovascular comorbidity increased in men
(+4%), and remained similar in women (-1%). Cancer was the most common non-cardiovascular comorbid
condition and increased in men and women (men: +5%; women: +4%). Between 2000 and 2010, the
percentage of patients with comorbidity increased (+1.1%). This increase was most pronounced in
patients aged 75 years and older (+3.0%). As a result of the ageing population a relative small increase
in comorbidity may have a large public health impact.
In the third chapter of this thesis (chapter 3.1 – 3.3) we investigated the relationship between treatment
for breast cancer and subsequent cardiovascular disease. In chapter 3.1 we identified 163,881 women
with a hospital admission for breast cancer between 1996 and 2010 in the Hospital Discharge Register.
After a median follow-up of 4.3 years, 5.6% patients died of cardiovascular disease and 19.7% patients
were hospitalized for cardiovascular disease. The absolute ten-year cardiovascular mortality risk following
breast cancer decreased from 56 per 1,000 women in 1996 to 41 in 2005, which is equal to a relative
reduction of 27.8%. In the general population, the absolute ten-year risk of death from cardiovascular
disease decreased from 73 per 1,000 women in 1996 to 55 in 2005, which is equal to a relative reduction
of 23.9%. The absolute risk of hospitalization for CVD within the first year following breast cancer
increased from 54 per 1,000 women in 1996 to 67 in 2009, which is equal to a relative increase of 23.6%.
In chapter 3.2 we investigated ethnic differences in cardiovascular morbidity and mortality among breast
cancer patients in the Netherlands. We identified 127,714 women with a hospital admission for breast
cancer between 1996 and 2010 in the Hospital Discharge Register. In these patients, we assessed
differences in subsequent hospital admission for cardiovascular disease, cardiovascular disease
mortality, and overall cardiovascular event between the largest ethnic minority groups and the Dutch
population. The incidence of an overall cardiovascular event was significantly higher for women with
breast cancer from Suriname and Turkey compared with Dutch women with breast cancer. In contrast,
Indonesian women with breast cancer had a significantly lower risk of a cardiovascular event compared
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with Dutch women with breast cancer. There were no significant differences between Moroccan and
Antillean women and Dutch women with breast cancer.
Radiotherapy is one of the cornerstones of breast cancer treatment and has been proven to substantially
lower the risk of recurrence and to benefit survival. However, radiotherapy for breast cancer may expose
the heart to radiation and is known to be associated with an increased rate of cardiovascular disease,
including acute coronary syndromes. Acute coronary syndrome is an umbrella term for different diseases
and disorders situations where the blood supplied to the heart muscle is suddenly blocked and includes
heart attack or unstable angina pectoris. In breast cancer radiotherapy, the heart is exposed to the highest
mean heart doses during irradiation of the internal mammary chain (IMC), and accordingly strongest acute
coronary syndrome risk increases are observed after IMC irradiation. In chapter 3.3 we studied if IMC
irradiation also influences the prognosis of acute coronary syndrome. We identified 398 patients
diagnosed with acute coronary syndrome following radiotherapy from a hospital-based cohort of early
breast cancer patients aged up to 70 years, treated with radiotherapy between 1970 and 2009. 62% of
the patients were treated with internal IMC irradiation, and 38% without. The median time between breast
cancer and acute coronary syndrome was 15 years. Ten-year cumulative incidence of cardiac death was
35% for patients treated with IMC (95% confidence interval (CI): 29–41) compared to 24% (95% CI 17–
31) for patients without IMC irradiation (p=0.04). After correction for confounders, IMC irradiation
remained associated with a higher cardiac death rate compared to no IMC irradiation with a hazard ratio
of 1.7 (95% CI: 1.1–2.5).
In the fourth chapter of this thesis (chapter 4.1–chapter 4.3), we investigated possible consequences of
comorbidity. In chapter 4.1 we investigated the trend in prognosis after hospitalization for heart failure.
Specific interest was given to differences in prognosis between men and women and different age groups.
Using the Hospital Discharge Register, two cohort were created; one cohort with hospital admissions from
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2000 to 2002 (n=38,848) and one cohort with hospital admissions from 2008 to 2010 (n=42,964). In the
2008–10 cohort, mortality rates for men were 13%, 32% and 64% for respectively 30-day, 1-year and 5year mortality and 14%, 33% and 66% for women. Between the two time periods, mortality rates dropped
across all ages, equally strong in women as in men. Interestingly, but unexplained, previous hospital
admission for conditions that may underlie the development of heart failure, e.g. cardiovascular disease,
myocardial infarction and chronic pulmonary disease was associated with a reduced mortality risk of those
admitted for new onset heart failure. Although surprising, this observation may be explained by the notion
that patients with known history of cardiovascular disease or respiratory disease may be referred to the
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hospital earlier compared to patients with no previous cardiovascular or respiratory disease. As a result,
their stage of heart failure may be less advanced. This is however speculative and could not be further
investigated with the data.
In chapter 4.2 we investigated health related quality of life for patients with heart failure, myocardial
infarction and/or cerebrovascular disease both with and without comorbid conditions. We used data of the
LifeLines Cohort Study (n=152,180) in the Netherlands. Health related quality of life was expressed with
a physical and a mental component score. We observed that patients with a history of cardiovascular
disease had lower physical component scores compared to participants without cardiovascular disease.
For the mental component score, this difference was less pronounced. We showed that cerebrovascular
disease, heart failure and myocardial infarction were associated with a significant lower physical and
mental component score (physical: -4.9, -3.6, -2.4, mental: -1.5, -2.2, -2.0, respectively) compared to
participants without disease. Compared to the cardiovascular disease alone, all combinations had a lower
score on the physical component score, but only few combinations on the mental component score. Some
combinations had more impact on the physical component score than the sum of the impact of the
respective single diseases.
For cardiovascular prevention a potential strategy to increase medication adherence has been suggested
through the use of fixed dose combination pills, i.e. one pill in which several pharmacological agents
including statin, blood pressure lowering agent with or without a combination with an anti-platelet agent,
are combined. In chapter 4.3 we investigated in patients with heart failure (n=3,290), peripheral arterial
disease (n=2,846), coronary heart disease (n=9,387) and cerebrovascular disease (n=3,261) (I) how
many pills per day were prescribed to patients with cardiovascular disease (II) the natural use of different
agents of the cardiovascular fixed dose combination and (III) how many pills can potentially be replaced
when fixed dose combination pills would be introduced. We used data of the Julius General Practitioners
Network which contains electronic medical record data of patients registered in general practices in the
Utrecht area. In these patients, we used prescription records from agents that were prescribed in the last
4 months of follow-up. Patients with a history of heart failure had the highest number of prescribed pills
per day followed by those with coronary heart disease, cerebrovascular disease and peripheral arterial
disease. The combination of a statin, any blood pressure lowering agent and an anti-platelet agent was
most prescribed for patients with coronary heart disease (37%) compared to other cardiovascular
diseases (16–28%). In fixed dose combinations without an anti-platelet agent, these percentages were
49% for patients with coronary heart disease and 36–40% for other cardiovascular diseases. Changing
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from separate agents to fixed dose combination pills could result in a reduction up to 4 pills per day,
depending on type of cardiovascular disease and included agents in the fixed dose combination.
In the general discussion (chapter 5) we discussed the implications for clinical practice of this thesis and
future steps for research. The overview of the prevalance of comorbidity in this thesis aims to create
awareness. Specialised physicians can provide better, more integrated care if they are more aware of the
overall health care status of the patients and not merely their disease of interest. Findings in these thesis
may also shape initiatives that exceed the boundaries of the separate specialisms. Bundled expertise
from different health care providers can be used to align health care to the needs of patients with multiple
diseases. Results from this thesis may inform future researchers and guideline developers which
comorbid conditions are most prevalent and may need priority in studying the interference of the comorbid
conditions on the management of the respective cardiovascular disease. More information in medical
guidelines about the generalizability of the study results to ‘real world’ patients is needed, considering
difference in age, sex, ethnicity and comorbid conditions. There is a great need for studies investigating
how to manage patients with comorbidity and align health care to their needs. Although studies
investigating how to manage patients with comorbidity are becoming more prevalent, evidence on
effectiveness remains inconclusive due to the relatively small numbers of randomized controlled trials with
mixed overall results.
To conclude, the results presented in this thesis provide important information about the prevalence of
comorbidity in patients with cardiovascular disease. It is likely that due to continuing progress in health
care resulting in increasing life expectancy, health care will increasingly be confronted with patients with
comorbidity. Organizational adaptations are required in the health care system to accommodate comorbid
conditions in patients with cardiovascular disease to ensure safe, efficient and effective treatment.
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Preventie van risicofactoren (zoals stoppen met roken) en preventieve medicatie hebben er voor gezorgd
dat het risico op het krijgen van hart- en vaatziekten is afgenomen. Dit heeft ertoe geleid dat de leeftijd
waarop patiënten hart- en vaatziekten krijgen flink is gestegen. Daarnaast is ook de levensverwachting
van verscheidende chronische ziekten toegenomen, zoals bij verschillende typen kanker, waardoor deze
patiënten de leeftijd bereiken waarop ze een verhoogd risico hebben om hart- en vaatziekten te
ontwikkelen. Dit samen betekent dat een groeiend aantal mensen gedurende hun leven meer tijd heeft
om verschillende ziekten te ontwikkelen.
Comorbiditeit werd voor het eerst beschreven door Alvan Feinstein in 1967 en houdt in dat de patiënt
naast een zogenaamde index ziekte nog een andere ziekte heeft of ontwikkeld. Dit fenomeen brengt
uitdagingen met zich mee voor zowel de patiënt als de gezondheidszorg. In dit proefschrift hebben we
comorbiditeit bij hart- en vaatziekten onderzocht.
Na een algemene inleiding in hoofdstuk 1, onderzochten we in het tweede hoofdstuk (hoofdstuk 2.1 –
2.2) de prevalentie van comorbiditeit en de meest voorkomende comorbide aandoeningen in patiënten
met hart- en vaatziekten. In hoofdstuk 2.1 onderzochten we dit in de algemene populatie met behulp van
data van de LifeLines cohort studie. In 99.539 patiënten tussen de 40 en de 80 jaar oud onderzochten we
de prevalentie van zowel hart- en vaatziekten en niet-hart- en vaatziekten als comorbide aandoeningen
in patiënten met hartfalen, perifeer vaatlijden, hartritmestoornissen, doorgemaakt hartinfarct, longembolie
en/of beroerte. Hierbij hielden we rekening met verschillen in geslacht en leeftijdsopbouw van de
verschillende populaties. 44% van de patiënten met hartfalen had nog een andere hart- en vaatziekte. Dit
percentage was 12 tot 33% voor de andere onderzochte hart- en vaatziekten. 56 tot 71% van de patiënten
met hart- en vaatziekten had daarnaast een niet- hart- en vaatziekte aandoening, waarvan depressie,
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diabetes mellitus, gehoorproblemen, COPD, osteoartritis, migraine en kanker het vaakst voorkwamen.
Diabetes mellitus, depressie en gehoorproblemen kwamen significant vaker voor bij patiënten met
hartfalen, perifeer vaatlijden, doorgemaakt hartinfarct en beroerte ten opzichte van mensen zonder deze
ziekten. Astma kwam significant vaker voor onder patiënten met hartfalen, perifeer vaatlijden en
longembolie, terwijl reumatische artritis vaker werd gerapporteerd door patiënten met een doorgemaakte
beroerte of longembolie.
In hoofdstuk 2.2 onderzochten we comorbiditeit bij patiënten met hart- en vaatziekten in de
huisartsenpopulatie. We maakten gebruik van data van het Julius Huisartsen Netwerk dat
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geanonimiseerde elektronische medische data van patiënten bevat uit verschillende huisartsenpraktijken
in en rondom Utrecht. We berekenden de vaakst voorkomende comorbide aandoeningen en combinaties
van twee comorbide aandoeningen onder patiënten met hart- en vaatziekten, waaronder hartfalen,
perifeer vaatlijden, coronaire hartziekten en cerebrovasculaire ziekten. Visusproblemen, diabetes
mellitus, nek/rugklachten, osteoartritis, COPD en kanker waren de meest voorkomende niet- hart- en
vaatziekten aandoeningen en stonden telkens in de top 5 van alle hart- en vaatziekten, ongeacht leeftijd
of geslacht. Van deze ziekten kwamen COPD en visusproblemen significant vaker voor onder patiënten
met hart- en vaatziekten vergeleken met patiënten zonder hart- en vaatziekten. Over de hele levensduur
kwam de meerderheid van de comorbide aandoeningen het vaakst voor onder patiënten met hartfalen,
direct gevolgd door patiënten met perifeer vaatlijden. De aandoeningen kwamen minder vaak voor onder
patiënten met coronaire hartziekten en cerebrovasculaire ziekten.
In hoofdstuk 2.3 onderzochten we het vóórkomen van comorbiditeit tussen 2000 en 2010 onder patiënten
met hart- en vaatziekten met behulp van nationale ziekenhuisregistratiedata. In 38% van de 2.397.773
opnamen tussen 2000 en 2010 was de patiënt eerder opgenomen geweest voor een andere comorbide
aandoening. Voor hartfalen, perifeer vaatlijden, coronaire hartziekten en cerebrovasculaire ziekten was
dit percentage respectievelijk 54%, 46%, 40% en 32%. Een andere hart- en vaatziekte was de vaakst
voorkomende comorbide aandoening, maar dit daalde gedurende de studieperiode (mannen -5%,
vrouwen -2%). Niet- hart- en vaatziekte aandoeningen waren gedurende de studieperiode toegenomen
onder mannen (+4%), maar bleef nagenoeg gelijk onder vrouwen (-1%). Kanker was de vaakst
voorkomende niet- hart- en vaatziekte aandoening en steeg gedurende de studieperiode met 5% bij de
mannen en 4% bij de vrouwen. Tussen 2000 en 2010 steeg het percentage van patiënten met
comorbiditeit iets (+1.1%). Deze stijging was echter meer uitgesproken onder patiënten van 75 jaar en
ouder (+3.0%). Door het groeiend aantal ouderen kan een kleine stijging in het percentage oudere
patiënten met comorbiditeit al een groot effect op de gezondheidszorg teweegbrengen.
In het derde hoofdstuk (hoofdstuk 3.1 – 3.3) van dit proefschrift onderzochten we de relatie tussen de
behandeling voor borstkanker en het ontwikkelen van hart- en vaatziekte nadien. In hoofdstuk 3.1
identificeerde we met behulp van ziekenhuisregistraties 163.881 vrouwen met een opname voor
borstkanker tussen 1996 en 2010. Na een follow-up van 4,3 jaar was 19,7% van de patiënten opgenomen
voor hart- en vaatziekten en was 5,6% van de vrouwen overleden ten gevolge van hart- en vaatziekten.
Het absolute 10-jaar risico om te overlijden aan hart- en vaatziekten na borstkanker zakte van 56 per
1.000 vrouwen in 1996 naar 41 per 1.000 vrouwen in 2005. In de algemene populatie was dit 73 per 1.000
vrouwen in 1996 naar 55 per 1.000 vrouwen in 2005. Het absolute risico om binnen één jaar na opname
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voor borstkanker opgenomen te worden voor hart- en vaatziekten steeg van 54 per 1.000 vrouwen in
1996 naar 67 per 1.000 vrouwen in 2009.
In hoofdstuk 3.2 onderzochten we de mogelijke relatie tussen etniciteit en risico op het krijgen van harten vaatziekten en sterfte aan hart- en vaatziekten na behandeling voor borstkanker. Tussen 1996 en
2010 identificeerden we 127.714 patiënten met een opname een eerste opname voor borstkanker in de
nationale ziekenhuisregistratie. Bij deze patiëntengroep berekenden we het verschil in
ziekenhuisopnamen voor hart- en vaatziekten, sterfte aan hart- en vaatziekten en de combinaties van
beiden (hart- en vaatziekten event) na opname voor borstkanker tussen de grootste etnische
minderheden en de etnisch Nederlandse populatie. Borstkankerpatiënten uit Suriname en Turkije hadden,
vergeleken met de Nederlandse populatie, vaker een hart- en vaatziekten event. Vrouwen uit Indonesië
hadden juist een lager risico op een hart- en vaatziekten event na borstkanker vergeleken met de
Nederlandse vrouwen. Er werden geen verschillen tussen Marokkaanse, Antilliaanse en Nederlandse
vrouwen gevonden.
Radiotherapie is een van de belangrijkste behandelingen in borstkanker. Het is bewezen effectief in het
verlagen van het risico op terugkeer van borstkanker en verhoogt de kans op overleving. Echter, bij
radiotherapie bij borstkanker kan het hart blootgesteld worden aan straling wat kan leiden tot hart- en
vaatziekten waaronder acuut coronair syndroom. Acuut coronair syndroom is een verzamelnaam voor
verschillende ziekten waar de bloedtoevoer naar de hartspier wordt geblokkeerd en omvat het hartinfarct
en instabiele angina pectoris. Het hart krijgt de meeste straling te verduren tijdens bestraling van de
interne mamma-lymfeklieren (IMC) waardoor dit ook het hoogste risico op het acuut coronair syndroom
oplevert. In hoofdstuk 3.3 onderzochten we of bestraling van de IMC ook de prognose van acuut coronair
syndroom beïnvloed. 398 patiënten werden geïdentificeerd met acuut coronair syndroom na
radiotherapie. Hiervan waren 62% behandeld met bestraling van de IMC. Na een mediane duur van 15
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jaar betrof de sterfte aan hart- en vaatziekte in de groep met IMC bestraling 35% en in de groep zonder
IMC bestraling 24%. Na correctie voor verstorende variabelen bleef de relatie tussen IMC bestraling en
sterfte aan hart- en vaatziekten bestaan.
In het vierde hoofdstuk van dit proefschrift (hoofdstuk 4.1 – hoofdstuk 4.3) onderzochten we de mogelijke
consequenties van comorbiditeit. In hoofdstuk 4.1 onderzochten we de trend in de prognose na opname
voor hartfalen waarbij we specifiek keken naar mogelijke verschillen tussen mannen en vrouwen. Met
behulp van ziekenhuisregistratiedata maakten we twee cohorten: één bestaande uit patiënten met een
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eerste opname voor hartfalen tussen 2000 en 2002 (n=38.848) en één cohort bestaande uit patiënten
met een eerste opname voor hartfalen tussen 2008 en 2010 (n=38.848). In het 2008–10 cohort, bedroeg
de 30-dagen, 1-jaar en 5-jaarsterfte respectievelijk 13%, 32% en 64% voor mannen en 14%, 33% en 66%
voor vrouwen. Tussen de twee tijdsperioden daalde de sterfte in mannen en vrouwen evenveel.
Daarnaast vonden we dat patiënten met een eerdere opname voor bijvoorbeeld een hartinfarct en
chronische longziekten een betere prognose hadden dan patiënten zonder zo’n eerdere opname. Deze
verassende observatie kan mogelijk worden verklaard doordat deze patiënten misschien eerder worden
doorgestuurd naar het ziekenhuis waardoor hun stadium van hartfalen minder ver gevorderd is. Dit is
echter speculatief en hebben we niet met deze data kunnen onderzoeken.
In hoofdstuk 4.2 onderzochten we de kwaliteit van leven van patiënten met hartfalen, hartinfarct en
cerebrovasculaire ziekte met en zonder comorbide aandoeningen met behulp van data van de LifeLines
cohort studie (n=152.180). De kwaliteit van leven werd uitgedrukt met een mentale en fysieke score. We
vonden duidelijke verschillen tussen patiënten met hart- en vaatziekten en patiënten zonder hart- en
vaatziekten voor de fysieke score maar minder duidelijke verschillen voor de mentale score. Vergeleken
met enkel de hart- en vaatziekten zorgden alle combinaties van een hart- en vaatziekte en een comorbide
ziekte voor een lagere fysieke score. Dit gold slechts voor een klein aantal combinaties van ziekten voor
de mentale score. Sommige combinaties hadden meer impact op de fysieke score dan de som van de
impact van de twee losse ziekten. Oftewel, sommige ziektecombinaties hebben een ernstiger effect op
de fysieke gezondheid dan we op basis van de twee losse ziekten zouden verwachten.
Een geopperde potentiële strategie om therapietrouw te stimuleren is door het gebruik van hart- en
vaatziekten combinatiepreparaten, oftewel één pil met daarin een statine, bloeddrukverlager met of
zonder een plaatjesremmer gecombineerd. In hoofdstuk 4.3 onderzochten we in patiënten met hartfalen
(n=3.290), perifeer vaatlijden (n=2.846), coronaire hartziekten (n=9.387) en cerebrovasculaire ziekten
(n=3.261) 1) hoe veel pillen er werden voorgeschreven 2) het natuurlijk gebruik van statines,
bloeddrukverlagers en plaatjesremmers en 3) hoeveel pillen er mogelijk zouden kunnen worden
vervangen wanneer deze medicijnen gecombineerd zouden worden in één hart- en vaatziekten
combinatiepil. Voor dit hoofdstuk maakten we wederom gebruik van data van het Julius Huisartsen
Netwerk. In deze patiënten onderzochten we welke medicijnen in de laatste 4 maanden waren
voorgeschreven of waar een herhaalrecept voor was. Aan patiënten met hartfalen werden de meeste
pillen voorgeschreven (7). De combinaties van een statine, bloeddrukverlager en een plaatjesremmer
werd het vaakst voorgeschreven aan patiënten met coronaire hartziekten (37%) vergeleken met de
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andere hart- en vaatziekten (16 – 28%). Voor het combinatiepreparaat zonder plaatjesremmer was dit
percentage 49% voor patiënten met coronaire hartziekten en 16 – 28% voor patiënten met andere harten vaatziekten. Overstappen van de losse pillen naar het combinatiepreparaat kon tot wel gemiddeld 4
pillen per dag schelen.
In hoofdstuk 5 bediscussieerden we de implicaties en toekomstperspectieven voortkomend uit dit
proefschrift. We zullen ons meer bewust moeten worden dat comorbiditeit vaak voorkomt en dat dit in de
toekomst naar alle waarschijnlijkheid nog zal toenemen. Specialisten kunnen betere, meer geïntegreerde
zorg leveren als zij nog meer bewust zijn van de algehele gezondheidsstatus van de patiënt. Resultaten
van dit proefschrift zouden ook vorm kunnen geven aan initiatieven die de verschillende specialismen
overstijgen. Gebundelde expertise van de verschillende gezondheidszorgexperts kan worden ingezet om
de gezondheidszorg beter te laten aansluiten aan de behoeften van patiënten met verschillende ziekten.
De resultaten van dit proefschrift kunnen ook onderzoekers en richtlijnontwikkelaars informeren welke
comorbide ziekte het vaakst voorkomen en mogelijk prioriteit behoeven, zoals comorbide ziekten die
verstorend kunnen werken in de behandeling van de respectievelijke hart- en vaatziekte. Daarnaast is
meer informatie over de generaliseerbaarheid van de studieresultaten naar de patiëntengroep nodig, met
inachtneming van verschillen in leeftijd, geslacht, etniciteit en comorbide aandoeningen. Ook is er
behoefte aan studies die onderzoeken hoe we de gezondheidszorg het beste kunnen inrichten om zo
tegemoet te komen aan patiënten met comorbiditeit. Deze studies worden met toenemende mate
uitgevoerd maar tot nu toe is het bewijs rondom de effectiviteit van de interventies niet overtuigend door
de kleine aantallen in de studies en de tegenstrijdige resultaten.
Het hoofdstuk eindigt met de algemene conclusie: het is waarschijnlijk dat door het toenemend aantal
ouderen meer mensen comorbiditeit hebben. Aanpassingen in de gezondheidszorg zijn geboden om
patiënten met comorbiditeit veilige, efficiënte en effectieve zorg te bieden.
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wat kletsen. Ik denk met heel veel plezier terug aan de tripjes naar Lissabon, Malaga en Tokio waar we
Frank, door jouw betrokkenheid verloor ik nooit uit het oog waar het onderzoek op aan dient te sluiten: de
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artikelen zorgde. Beste Ineke, je enthousiasme, onuitputtelijke kennis en je gedrevenheid is inspirerend.
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Geachte leden van de Werkgroep Cijfers, bedankt voor jullie bijdrage, kennis en feedback voor
verschillende hoofdstukken in de cijferbrochure.
Beste Coby, Silvia, Henk, ICT medewerkers, epi-secretariaat, bedankt voor de prettige ondersteuning!
Beste Nicole Boekema en Julia Velikopolskaia, bedankt voor jullie ondersteuning met de Julius Huisartsen
Netwerk data.
Beste collega’s van het CBS, bedankt voor jullie geduld en hulp bij crashes in de Remote Acces omgeving.
Beste (oud)-collega’s, kamergenootjes Kim, Anneke, Jaike, Linda, Meander, Elsbeth, Nicole, Tom,
Mansour, Femke en ‘verhuisslachtoffers’ Anne-Meike, Eline, Sarah, Veerle, Bastiaan, Ietje, Anne-Karien,
Roel en bedankt voor de gezellige lunches en de nodige afleiding en vertier! Anne-Meike, Kim en Eline,
het was leuk samen Min in Londen te bezoeken! CBS-matties Irene en Carla, door het nieuwe VPN
systeem zullen toekomstige CBS onderzoekers niet meer meemaken wat wij hebben moeten ‘doorstaan’
in het ‘CBS-hok’. Gelukkig was het met jullie aanwezigheid goed toeven! Kim, wat hebben tegen elkaar
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