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General introduction and aims of this thesis
1.1 The epidemiology and impact of cardiovascular disease in old 

age
In the Netherlands, as in other industrialized societies, cardiovascular disease 
is a leading cause of death, accounting for one third of all deaths.1-4 From all 
cardiovascular deaths, the majority is caused by ischemic heart disease (29%) 
and strokes (23%) alone, with heart failure adding another 14%. Mortality from 
cardiovascular causes, however, is age-dependent: it rises from 17% in people 
aged <50 years to 37% in the oldest old (�������	
���������	�
�����	�������
caused by malignancies reaches its peak in age group 55-64 years (51%), and 
decreases to a low 13% in the oldest old (Figure 1).1
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Figure 1. Causes of death (percentage) by age group in the Netherlands (2006).

When looking at absolute numbers of death, the magnitude of these age 
differences is more easily imagined. In 2006 cardiovascular disease was 
responsible for more than 15000 deaths in people aged 85 years and over (62 
per 1000 persons of that age), whereas malignancies were accountable for 
approximately 5500 deaths (22 per 1000 persons of that age) (Figure 2).

Many consider death from cardiovascular disease a relatively ‘quick 
and painless’ way to go, and prefer such death to death from malignancies. In 
fact, case fatality rates of acute cardiovascular events, such as myocardial 
infarctions, have declined over the last three decades, partly reflecting 
improvements in treatment of these acute conditions.5 The increasing number 
of survivors of acute events, however, often develop debilitating chronic
morbidities such as heart failure and severe neurological deficits, generating 
huge loss of functional status and quality of life, for both patient and close 
relatives. Unsurprisingly, with advancing age, cardiovascular disease 
increasingly dominates assessments of ‘burden of disease’.6
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Figure 2. Causes of death (absolute numbers) by age group in the Netherlands (2006).

Obviously, in aging populations the consequences of a rising impact of 
cardiovascular disease with age are also more serious. In the next three 
decades, the proportion of people over 65 years of age in the Netherlands will 
rise from 14 to 24% of the population, and, within this age group, the 
contribution of those over 80 years of age will almost triple.7 These joint 
observations will amplify the over-all impact of cardiovascular disease in older 
patients in the years to come, and call for appropriate reactions from scientists, 
clinicians, policy makers and public health forces alike.8

An important realisation is that the ‘cure and care’ for older patients 
with cardiovascular disease for the greater part is, and probably will remain, a 
responsibility for primary healthcare workers. These primary healthcare 
workers will therefore also play a key role in the management of the upcoming 
wave of cardiovascular disease in old age, across the full spectrum from 
primary prevention on the one end, up to intensive homecare for end-stage 
heart failure patients on the other end.2

In conclusion, cardiovascular disease comes with age and has a great 
impact not only on individual patients and their surroundings, but also on 
(primary) health care professionals and the society as a whole.

1.2 Prevention of cardiovascular disease in old age
As the impact of cardiovascular disease in old age is high, and its prevalence 
will continue to rise in the decades to come, an important question is whether 
prevention is possible. 

1.2a Secondary prevention
Secondary prevention of cardiovascular disease, obviously, is prevention in 
high-risk individuals, simply because these patients have a history of 
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cardiovascular disease, which is a strong risk factor for recurrent 
cardiovascular events.2;9;10 Evidence-based treatment of their cardiovascular 
morbidities includes secondary preventive measures. Despite the growing body 
of evidence supporting secondary prevention of cardiovascular disease in old 
age,11-18 it has been suggested that these preventive measures are not equally 
offered to older patients.19-22 In terms of absolute numbers of prevented 
cardiovascular events, this is a missed opportunity, since even small reductions 
of relative risk will result in large numbers of absolute prevented events, given 
the high prevalence of cardiovascular disease in this age group. Since older 
patients in due course are often cared for by general practitioners, as follow-up 
after hospital-based and specialist care, it would be valuable to get better 
insight in general practitioners’ current activities and beliefs on this topic, for 
their role in sustained secondary prevention is pivotal.2;23;24 Also, adequate 
secondary prevention of cardiovascular disease in older patients may be 
improved when easy diagnostic procedures, feasible in primary care, become 
available, thereby facilitating a better identification of previously unknown 
cardiovascular disease in older patients. 

1.2b Primary prevention
With regard to primary prevention of cardiovascular disease in old age, the 
prevention-paradox, first described by sir Geoffrey Rose in 1981, should be kept 
in mind. ‘From an epidemiological perspective, it is more efficient to aim 
preventive measures at populations with mild or moderate increased risks, 
since the absolute majority of new cases of cardiovascular disease originates 
from these heterogeneous populations.’25 On the other hand, case finding by 
identification of high-risk individuals and subsequent appropriate 
interventions may result in firm reductions of risk in those individuals, but will 
not lead to a drastic reduction of cardiovascular disease on a population scale. 
In all age groups, physicians in daily practice commonly adopt the case finding 
strategy, while primary preventive measures aimed at populations at large, 
such as promoting physical exercise, non-smoking and health food, are usually 
left to the public health sector. No studies have focussed on the efficacy of such 
measures aimed at the population of older patients at large. Programmatic 
screening of the general population (‘case finding on a systematic basis’) for 
individuals at high risk of cardiovascular disease is an enormous logistic 
operation and, although more or less recommended by the current Dutch 
guideline, is still in its infancy in the Netherlands.26 Against this background, 
various political parties, social organisations, pressure groups and older 
individuals themselves plea for the development of preventive institutions, 
such as ‘preventive health centers for seniors’, exclusively aimed at older 
people. Other (semi-) commercial organisations, such as health insurance 
companies and home care organisations, have discovered this niche in the 
market and acted accordingly. At present, loco-regional initiatives therefore 
have resulted in the development of some 90 ‘health centers for seniors’ 
throughout the country (situation October 2008).27 In all these centers, 
screening for cardiovascular disease and its classic risk factors is a main area 
of interest during visits of older people, aged 50 and over. Blood pressure, 
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cholesterol levels, body mass index and blood glucose levels are routinely 
measured, and patients are referred to their general practitioner when 
abnormal values are measured. Thus far, however, it is still unclear whether 
these primary preventive measurements in old age are evidence-based, 
principally in those aged 75 years and over. 

In conclusion: prevention of cardiovascular disease in old age 
increasingly attracts attention from all parties involved. While evidence for 
secondary prevention in old age is fairly robust, older patients are frequently 
undertreated. Conversely, for primary prevention in old age evidence is largely 
nonexistent, yet primary preventive initiatives for older people are booming. 

1.3 Cardiovascular risk prediction in old age
1.3a Classic risk factors
For decades risk prediction for cardiovascular disease was based on the concept 
of ‘risk factors’: people with for instance high blood pressures had more 
cardiovascular events than people with normal blood pressures, and when 
these high blood pressures were lowered through effective interventions (such 
as antihypertensive medication), the incidence of cardiovascular events also 
decreased.28 So high systolic blood pressure was a bad prognostic sign. Similar 
reasoning was adapted for high total cholesterol and high low-density 
lipoprotein cholesterol levels, low high-density lipoprotein cholesterol levels, 
and body mass index. For the risk factors male sex, smoking and diabetes the 
risk was dichotomised: one either has the risk factor, or one has not. During 
the 90s of the previous century, evidence was emerging from observational 
cohort studies that the prognostic value of these individual risk factors were 
waning with increasing age: in the oldest old a low total cholesterol level was a 
predictor of higher mortality, and the same applies to low systolic blood 
pressure, that also predicts greater cardiovascular mortality and morbidity.29-33

However, randomised clinical trials concerning cholesterol lowering in high-
risk older patients, as well as blood pressure lowering in older patients with 
hypertension still revealed positive results with regard to total mortality and 
(recurrent) cardiovascular morbidity.13;15 Another, more comprehensive 
intervention in very old high-risk patients failed to produce positive outcomes, 
though risk factors were neatly reduced.34 Interpretation of these seemingly 
conflicting data is not straightforward and should include assessment of 
internal validity and generalizability of the various studies. From a perspective 
of risk prediction, however, it is obvious that established risk factors in middle-
aged patients are not automatically suitable for risk prediction in old age.

1.3b Cardiovascular risk scores
The first paper on the well-known Framingham Heart Study goes back to 1949, 
when the principal investigators described the aims and the design of the 
study.35 It was the first of a total of 1866 articles (1951-2007) based on this 
landmark observational study, which included three generations of 
participants thus far (www.framinghamheartstudy.com, accessed 24 December 
2008). It has led to an increasing understanding of the determinants of 
cardiovascular disease, and worldwide its outcomes have been cited and 
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applied. One of the merits of this study was the development of a risk score for 
people without known cardiovascular disease: the Framingham risk score.36;37

This instrument weighs each of the classic risk factors, and in doing so 
calculates an individual risk of developing coronary heart disease in the next 
10 years. This was a shift of concept: from evaluation and treatment of 
separate risk factors to a more integrated approach evaluating the global 
cardiovascular risk. During the decades that followed, several other risk scores 
have been introduced, which either included different or additional risk factors,  
were calibrated for different geographical populations, or used different 
outcomes (e.g. ‘cardiovascular mortality’ versus ‘coronary heart disease’). 
Anyhow, their common backbone comprises established classic risk factors.38-40

In view of earlier remarks about the predictive value of these risk factors in old 
age, serious concerns about the value of these risk scores in older patients are 
justified.

1.3c New biomarkers
Although middle-aged people with (aggregations of) classic risk factors have 
high risks of developing cardiovascular disease, even in these age groups an 
important fraction of incident cardiovascular disease occurs in people without 
any classic risk factor.41 This explains the ongoing search for a new type of 
marker of cardiovascular risk, often called ‘biomarkers’, over the last few 
decades. Indeed, a seemingly endless list of new biomarkers for cardiovascular 
disease has emerged, which can be grouped into markers of inflammation, 
endothelial dysfunction and oxidative stress, cardiac injury markers, markers 
of neurohumoral activation, renal injury markers, procoagulant markers, 
dyslipidaemic markers and glycaemic markers.42;43 This growing interest for 
biomarkers is also illustrated by two MEDLINE searches (date of entry 14 
February 2009), restricted to two different calendar years with a 10-year 
interval. A search with the MeSH terms ‘biological markers’ and 
‘cardiovascular disease’, restricted to the year 1998, results in 1498 articles, of 
which 227 reviews, and when restricted to the year 2008 this number more 
than doubles: 3573 articles, of which 496 reviews. For the majority of the 
aforementioned biomarkers strong associations with cardiovascular disease 
and mortality have been established in middle-aged populations, and for some 
also in old age.44-49 In middle-aged populations, the principal question when 
evaluating new biomarkers’ values is whether (combinations of) biomarkers 
add prognostic value beyond classic risk factors. Although some researchers 
have claimed significant outcomes in this respect, overall assessment of this 
incremental value of various biomarkers has been disappointing, and none of 
the new biomarkers to date is used in daily practice of risk prediction.43;50-54

However, in older populations the prognostic value of the classic risk factors 
themselves is waning with age, as described in paragraph 1.3a, and the search 
for new and prognostic powerful biomarkers therefore is even more relevant: 
they may not only be useful in addition to the classic risk factors, but may well 
replace them, and thus fill the gap that classic risk factors create in old age. 
Until now, only fragmentary data on the potential of various new biomarkers 
in older populations are available.
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In conclusion, in cardiovascular risk prediction in older patients 
without history of cardiovascular disease, there are many indications that 
established classic risk factors might not qualify for adequate risk prediction, 
and, as a result, the same applies to existing risk scores. This underscores the 
importance of the ongoing search for robust new markers of cardiovascular risk 
in old age.

1.4 Aims of this thesis and brief description of chapters
The general aim of this thesis is to study cardiovascular risk management in 
old age, in order to facilitate the development of age-specific and evidence-
based guidelines for this age group. The thesis is divided in three parts, which 
are described below.

Part 1 Current cardiovascular prevention in old age
The first part (chapters 2 and 3) describes the status quo of cardiovascular 
prevention in older patients in the Netherlands and the role of general 
practitioners in this respect. Chapter 2 focuses on time trends from 2000-2007 
in secondary prevention of cardiovascular disease after a prior myocardial 
infarction, in different age groups from age 65 years onwards. Secondary 
prevention by appropriate life style changes and secondary preventive 
medication is widely considered standard treatment nowadays, also in old 
age.18 As guidelines on this matter have changed according to availability of 
evidence, in this chapter it was tested whether improvements have occurred 
over time. Chapter 3 describes a qualitative and quantitative study into the 
attitude of general practitioners in the Netherlands towards prevention of 
cardiovascular disease in old age and their current activities in this respect, as 
well as the barriers they encounter with these preventive activities. Results of 
focus group interviews with general practitioners, as well as results from a 
nationwide survey are presented.

Part 2 The value of routine ECGs in older persons from the general population
The second part (chapters 4 and 5) focuses on the routine-electrocardiogram in 
older patients as a prognostic instrument for mortality and cardiovascular 
morbidity, and evaluates its added value beyond readily available information 
from the medical record. Chapter 4 describes the prognostic value regarding 
mortality and functional status of prior myocardial infarction and atrial 
fibrillation on routine-ECGs in participants from the Leiden 85-plus Study, and 
evaluates whether this relatively simple diagnostic procedure could be an 
effective screening tool to select people with high mortality risks or risk of 
accelerated functional decline. In chapter 5 the prognostic qualities of routine-
ECGs in very old patients are compared with information about these patients’ 
cardiovascular history from the medical records. It covers the question whether 
routine-ECGs still add valuable information beyond what is already known by 
the general practitioner. 
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Part 3 Primary prevention of cardiovascular disease in old age
The third part (chapters 6 to 9) of this thesis is aimed at primary prevention in 
old age, and entails an assessment of the prognostic performance in old age of 
classic cardiovascular risk factors, followed by various studies into the 
prognostic value of new biomarkers of cardiovascular disease. Chapter 6 
studies the prognostic value of the classic risk factors for cardiovascular disease 
(systolic hypertension, smoking, total and HDL-cholesterol levels, diabetes, left 
ventricular hypertrophy on the ECG) and compares them with the prognostic 
value of several new biomarkers. Classic risk prediction in very old people 
without history of cardiovascular disease, using the Framingham risk score 
(including all classic risk factors), is compared with risk prediction based on 
four new biomarkers available from the Leiden 85-plus Study: homocysteine, 
folic acid, interleukin-6 and C-reactive protein. Chapter 7 is based on research 
within the Rotterdam Study and elaborates on the findings in chapter 6, 
looking into the mortality risks that are associated with different (systolic) 
blood pressures, depending on factual age of the older persons. An attempt is 
made to establish the break-even point: at what age does high blood pressure 
change from a genuine risk factor into a favourable prognostic sign? This 
chapter also includes a discussion on the necessity to develop age-dependent 
guidelines concerning primary prevention of cardiovascular disease in older 
persons. Chapters 8 and 9 deal with the value of another biomarker: (N-
terminal pro-) brain natriuretic peptide. This biomarker was first detected in 
pig brains, but in humans it was soon recognized as a cardiac marker of left 
ventricular wall stress, and as such, a very sensitive, but not very specific, 
marker of heart failure.55 Chapter 8 is a systematic review into the diagnostic 
accuracy of natriuretic peptides for cardiac dysfunction and chronic heart 
failure in old age. In chapter 9, the value of NT-proBNP as predictor of total 
mortality and cause-specific mortality is evaluated in a cohort of 90-year olds 
from the Leiden 85-plus Study.

Final chapters
Chapter 10 is a general discussion of the main findings from this thesis, and 
includes clinical implications and directions for future research. Chapter 11 
summarizes all chapters; chapter 12 contains a summary in Dutch.
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