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Discussion

1. MAIN FINDINGS

The main aim of this thesis was to search for possible improvements in medical care 
for older persons with a history of cardiovascular disease. First, we aimed to investigate 
current practice regarding secondary cardiovascular prevention in general practice in 
the Netherlands and to unravel the underlying reasons for the low prescription rates 
observed. Then, we aimed to provide more guidance for risk estimation in second-
ary cardiovascular prevention in old age, not only for recurrence risk and the risk for 
functional decline, but also for the treatment effect of statins. Because cardiovascular 
disease in old age is accompanied by major morbidity and mortality, optimisation of 
care for these old patients remains a challenge in our ageing society. In younger age 
groups, preventive treatment of patients with a history of cardiovascular disease has 
improved over the decades but, for unknown reasons, preventive treatment uptake in 
old age lags behind.1 Since absolute cardiovascular risk increases with age this might 
needlessly increase the burden of cardiovascular disease, as well as related disability 
and dependency.

The first aim, described in part one, was to investigate current practice regarding sec-
ondary cardiovascular prevention in general practice in the Netherlands. We observed 
that, in old age, the prescription rates of secondary cardiovascular preventive treatment 
with lipid-lowering and antithrombotic medications are still low (Chapter 2). Only half of 
all participants that were eligible for secondary preventive treatment within the ISCOPE 
study (patients aged 75 years and over) received both a statin and an antithrombotic 
prescription. In patients aged 85 years and over, this proportion was even smaller. In-
terestingly, the general practitioners’ (GPs) judgement of patients’ vulnerability was not 
independently related to prescription rates in old age, with chronological age itself be-
ing the strongest predictor, i.e. the older the individuals, the lower the prescription rates.

In the focus-group discussions with GPs regarding implementation of guidelines for 
secondary cardiovascular prevention in old age, the main theme to emerge was that of 
‘uncertainty’ (Chapter 3). GPs are uncertain about the risks and benefits of secondary 
preventive treatment in old age. Specific guidelines and risk charts for secondary car-
diovascular prevention in old age are lacking. To reduce uncertainty, GPs use a ‘shared 
decision-making’ strategy with their old patients. They mentioned that prevention of 
symptoms, anticipated regret, and high vitality facilitated implementation of the guide-
lines, whereas lag time to benefit, side-effects, vulnerability and a long period since the 
initial event, hindered implementation. Because GPs mentioned that the overriding 
aim of secondary cardiovascular prevention was to improve quality of life, treatment 
decisions were highly individualised. This might partly explain the reduced prescription 
rates currently observed. According to these GPs, implementation of the guidelines 
for secondary cardiovascular prevention in old age might be optimised by structured 
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ICPC coding and the presence of a practice nurse, as well as organising proactive an-
nual follow-up. This might prevent patients ‘falling into the gap’ between primary and 
secondary care.

In conclusion, treatment uptake in (very) old age is still low. Highly individualised care 
with the ultimate aim to improve in quality of life seems to underlie these low prescrip-
tion rates; however, according to our focus-group discussions, improvements might be 
expected from age-specific guidelines and the identification of patients that have fallen 
into the gap between primary and secondary care.

For the second aim (described in part two), predictors for (recurrent) cardiovascular 
disease and for functional decline were investigated in a population-based sample of 
85-year-old participants from the Leiden 85-plus Study. Traditional risk markers are 
known to lose their predictive value with age and, therefore, new easily available predic-
tors were investigated, i.e. the severity of the cardiovascular disease history, and new 
biomarkers.

First, we observed that the severity of the cardiovascular disease history was associ-
ated with unfavourable prognosis, not only with regard to (recurrent) cardiovascular 
disease and mortality, but also for future disability and cognitive decline (Chapter 4). 
Participants with no history of cardiovascular disease had a chance of about 1 in 5 to 
develop a myocardial infarction, stroke or die of a cardiovascular cause during 5-year 
follow-up, whereas participants with a history of angina, transient ischaemic attack, 
claudication or heart failure (minor cardiovascular disease) had a chance of about 1 in 
3. In participants with a history of myocardial infarction, stroke or surgery for peripheral 
artery disease (major cardiovascular disease), this chance was about 1 in 2.

Both minor and major cardiovascular disease were associated with an accelerated 
decline in cognitive function and an accelerated increase of disability score, albeit most 
pronounced in participants with major cardiovascular disease.

Second, of the four new risk markers, C-reactive protein (CRP), kidney function (MDRD), 
homocysteine (HCY) and N-terminal pro B-type natriuretic peptide (NT-proBNP), the lat-
ter was the strongest predictor of cardiovascular events and mortality in the secondary 
prevention population of the Leiden 85-plus Study (Chapter 5). Interestingly, we ob-
served that CRP (an inflammatory marker that can be used in intermediate risk persons 
in primary prevention) appeared to lose its predictive value with age. Homocysteine, a 
strong predictor in primary prevention in very old age 2 improved reclassification but did 
not improve the C-statistic. NT-proBNP was the strongest new predictor: when added 
to traditional risk markers it markedly improved the C-statistic and correctly reclassified 
about 40% of the participants.

Third, in the entire population of the Leiden 85-plus Study (primary plus secondary 
prevention), NT-proBNP was found to predict not only incident cardiovascular disease 
and mortality, but also the development of cognitive and functional decline (Chapter 6)



155

Discussion

In conclusion, with regard to the second aim, this thesis reveals that the severity of 
cardiovascular disease history and NT-proBNP levels are useful predictors in very old 
age, not only for recurrent cardiovascular disease and mortality, but also for cognitive 
decline and disability in activities of daily living (ADL), both of which are increasingly 
important in old age.

For the third aim, in the search for possible clinical benefit, we studied the predictive 
value of the addition of NT-proBNP to currently used prediction models in a differ-
ent study population (comprising patients aged 75 years and over) with a history of 
cardiovascular disease (sampled from the PROSPER study). A model with age, sex and 
NT-proBNP predicted recurrent cardiovascular disease and mortality as effectively as 
the more complex risk scores, including all the traditional risk markers and the SMART 
risk score. Moreover, high-risk persons, as identified with the model with age, sex and 
NT-proBNP, gained more benefit from treatment with statins (number needed to treat 
(NNT) = 12 for 2.5 years to prevent one cardiovascular endpoint (cardiovascular event or 
cardiovascular death)) as compared to the low-risk group identified by the same model 
(NNT = 115). This underlines the promising clinical value of NT-proBNP for our ageing 
population.

In conclusion, this thesis reveals that in secondary cardiovascular prevention in old 
age, treatment uptake is low, partly because of highly individualised care for these 
often complex patients and partly because some patients have disappeared into the 
gap between primary and secondary care. According to our focus-group discussions, 
treatment guidelines need to address the heterogeneity of older patients with a history 
of cardiovascular disease for whom tailored guidelines should be developed. In the 
meantime, with regard to the difficult decision-making related to starting, stopping, 
or continuing secondary cardiovascular preventive treatment in old age, the severity 
of the cardiovascular disease history and NT-proBNP can help physicians estimate the 
future risk for recurrent cardiovascular disease, and for cognitive and functional decline. 
Moreover, NT-proBNP levels can help estimate the expected treatment effect of statins.

In the light of these findings, we now discuss the clinical dilemmas that arise in sec-
ondary cardiovascular prevention in old age. Frequently encountered problems (such 
as side-effects, polypharmacy, adverse reactions, and adherence problems) as well as 
the role of patient vulnerability in secondary cardiovascular prevention in old age, are 
reviewed and illustrated by means of two hypothetical patients: Ms Anne and Mr John 
(both already introduced in Chapter 1).
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2. CONSIDERATIONS CONCERNING MS ANNE AND MR JOHN

We earlier introduced Ms Anne and Mr John, both of whom are eligible for secondary 
cardiovascular prevention in old age. This part of the discussion considers the dilemmas 
related to these two patients and discusses the results of this thesis in relation to clinical 
practice.

Ms Anne
Ms Anne is an 85-year-old woman visiting her general practitioner for follow-up after the transient 
ischemic attack she experienced one year ago. She was widowed two years ago and, although she 
lives alone, has a lively social network. She regularly cycles or wanders around the village, carrying her 
groceries. She is very punctual, never misses an appointment at the general practice, and takes her 
medications regularly. This time she visits the practice because for the last few months she has been 
feeling dizzy and has muscle pains. These symptoms affect her quality of life, because she is afraid to go 
out and the muscle pains prevent her from doing the shopping herself.

2.1. Ms Anne and side effects in old age
As mentioned by the GPs in our focus-group discussions (Chapter 3), side-effects often 
hamper the provisions of prescriptions for preventive medications in old age.

Ms Anne complains of dizziness, which might be caused by the antihypertensive drugs 
she is taking. This raises a clinical challenge because, with regard to antihypertensive 
treatment, caution is required with the elderly. Elderly patients are not only at risk for 
the development of electrolyte disturbance, but are also more likely to develop ortho-
static hypotension with subsequent falls.3 In a Cochrane review on pharmacotherapy for 
hypertension in the elderly, withdrawals due to adverse effects increased by more than 
50% in old age.4

Ms Anne also complains of muscle pains. Because she is a punctual and serious woman, 
she takes her secondary cardiovascular medication, including a statin, very cautiously. In 
clinical practice, according to the GPs in the focus-group discussions, muscle complaints 
were often a reason to discontinue preventive treatment with statins. In contrast to this 
clinical experience, in a recent systematic review/meta-analysis on unintended effects of 
statins from observational studies in the general population, the absolute excess risk of 
the observed harmful unintended effects of statins was very small compared to the ben-
eficial effects of statins on major cardiovascular events.5 However, there was evidence 
for an increased risk of myopathy, raised liver enzymes, and diabetes. In another system-
atic review of randomised placebo-controlled trials, only a small minority of symptoms 
reported on statins were considered to be genuinely due to the statins: almost all would 
occur just as frequently on placebo.6 Muscle pains were reported in 7.9% of patients on 
a statin and by 7.6% of patients receiving placebo. However, the reliability of these find-
ings might be undermined by the poor reporting of side-effects in clinical trial reports in 
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scientific journals.7 Also, the nocebo effect (i.e. that patients on placebo tend to describe 
the same side-effects that are mentioned as possible side-effects of the drugs in the 
trial) may have influenced these results. With regard to Ms Anne, it remains uncertain as 
to whether her muscle pains are truly the result of her medication.

It also remains uncertain whether or not she might benefit from statin treatment, 
because no randomised clinical trials (RCTs) of statin or any other hypocholester-
olemic medication have included persons older than 80 years at baseline.8 However, 
findings from patients aged 75-80 years enrolled in RCTs, as well as information from 
observational studies, support statin treatment for secondary prevention of atheroscle-
rotic cardiovascular disease. Harms from statin drugs were not found to be increased 
in older patients. Because people older than 80 years are biologically heterogeneous 
with varying life expectancy, and may have frailty or comorbid conditions, and may 
take multiple medications, the decision to treat with statins should be individualised 
and, ideally, treatment of hypercholesterolemia for patients at risk of atherosclerotic 
cardiovascular disease should start before they turn 80 years of age. The STOPP/START 
criteria do not advise to start statin treatment beyond 85 years of age, but also do not 
advise to stop statins in very old age.9 For the development of appropriate guidelines 
for statin prescription in the very old, life expectancy, time to benefit, functional status, 
medication-related adverse events, polypharmacy, and adherence to treatment, are 
factors that need to be considered.10 Well-designed clinical trials that account for the 
heterogeneity of this population are needed and, meanwhile, better clinical guidelines 
should be developed to address this issue.

With regard to Ms Anne, for secondary cardiovascular prevention, antihypertensive 
treatment and statin treatment might still be advisable, taking into account her vitality 
and life expectancy. However, it is reasonable to discuss with her, in shared decision-
making, the possibility of a trial period reducing her antihypertensive treatment in order 
to prevent falls, and/or stopping her statin to find out whether her muscle pains disap-
pear. In this conversation, risk assessment plays an important role. Besides the known 
traditional risk markers that have limited value in secondary prevention in old age, the 
results of studies in this thesis now offer additional options to estimate future risk. For 
Ms Anne, because the severity of her cardiovascular disease is mild her risk for recurrent 
disease, and cognitive and functional decline, is relatively low. A measurement of NT-
proBNP might be considered. If the NT-proBNP level is low, then the risk for recurrent 
cardiovascular disease is low and the expected benefit of statin treatment is probably 
limited. However, if the NT-proBNP level is high, the risk for recurrent cardiovascular dis-
ease and for functional decline is also high, and Mme Anne will most likely benefit from 
statin use. This information can be very useful for clinicians, especially when considering 
whether or not to stop statin treatment.
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Mr John
Mr John is an 85-year-old man who is visited by his general practitioner at home for follow-up after a 
myocardial infarction three years earlier, complicated by heart failure last year. Besides the cardiovascu-
lar problems, he suffers from chronic obstructive pulmonary disease and osteoarthritis. He still smokes. 
Last year he was admitted to hospital with gastrointestinal bleeding. Since then he has shown non-
adherence to his cardiovascular preventive medications; he thinks the medications are only making 
him sick and that they will not improve his quality of life.

2.2. Mr John, polypharmacy and adverse drug reactions in old age
Mr John is an example of an old patient with multimorbidity, as is often encountered in 
general practice. Medication for cardiovascular disease and for all comorbidities, is likely 
to result in polypharmacy, thereby increasing the risk for drug interactions and adverse 
reactions.

In the Netherlands, about 30-45% of persons aged 65 years and over use five or 
more different drugs. For a fifth of the persons aged 75 years and over, the number 
of drugs prescribed increases to nine. Also in nursing homes, about 40% of persons 
is either overtreated or undertreated, and drug interactions are common.11 In older 
persons, adverse drug reaction- related hospital admissions show a rapidly increasing 
trend and the incidence is still rising, warranting sustained focus on this problem.12 
Patients aged 75 years and over showed a more than 4-fold increased risk of being 
hospitalised, compared with those aged 55-64 years. Even when taking into account the 
number of dispensings, elderly are at an increased risk of being hospitalised for adverse 
drug reactions.13 An international review of potentially avoidable hospital admissions 
showed that the ‘top 5’ of drug classes involved was (in descending order) antiplatelets, 
diuretics, NSAIDs, anticoagulants, and opioids.14 The HARM-WRESTLING report (from 
the expert group for medication safety interventions to enhance the extramural safety 
of medication prescriptions in the Netherlands), describes that the most the frequent 
avoidable medication-related hospital admissions are gastrointestinal bleeding (due to 
antiplatelets, anticoagulants or NSAIDs), and electrolyte disturbances or dehydration 
(due to diuretics or ACE/ARB blockers).15

The question remains: what advice should be given to Mr John. In secondary cardio-
vascular prevention, antithrombotic treatment is advised regardless of age. Gastro-
protective drugs should be provided in very old age in order to prevent bleeding. With 
regard to Mr John’s traditional risk markers, it is still advisable to encourage him to quit 
smoking. With regard to the assessment of risk for recurrent cardiovascular disease, the 
study in Chapter 4 shows that Mr John, with a history of major cardiovascular disease, 
might have an estimated 5-year risk for development of cardiovascular disease and 
mortality as high as 50%, as well as an increased risk for cognitive and functional decline. 
Additional measurement of NT-proBNP level can be helpful (as shown in Chapters 5 and 
6). Risk for recurrent cardiovascular disease, cognitive decline and decline in ADL func-
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tioning, is even higher when NT-proBNP levels are high. Also, NT-proBNP can be used to 
optimise treatment for his heart failure. Finally, the findings in Chapter 7 suggest that, if 
NT-proBNP level is high, the expected benefit of treatment with statins is also high. All 
this information may encourage the treating physician and Mr John to fully implement 
secondary cardiovascular preventive medications.

2.3. Mr John and adherence problems

“Drugs don’t work in patients who don’t take them” C. Everett Koop, M.D.

A possible explanation for the observed low prescription rates in old age 1;16;17 may 
be reduced adherence in old age. Research on adherence in general has shown the 
following major predictors of poor adherence to medication: depression, cognitive 
impairment, asymptomatic disease, inadequate follow-up, side-effects of medication, 
patients’ lack of belief in the benefit of treatment, patients’ lack of insight into the illness, 
poor provider-patient relationship, presence of barriers to care or medications, missed 
appointments, complexity of treatment, and costs of medication.18 Because these 
predictors are often highly prevalent in old age, drug adherence in old age generally 
remains a challenge. A study on non-adherence to chronic prescription medications 
showed that most patients forgot to take a medication, had run out of the medication, 
or were careless about taking the medication.19 However, it appeared that unintentional 
non-adherence was not random, but predicted by medication beliefs, burden of chronic 
disease, and sociodemographics.

For Mr John this implies that, when visiting him at home for follow-up, his views and 
beliefs about medication need to be elucidated. Giving him details about the disease, 
the risks and benefits, and the proper use of medications, might result in improved 
adherence. In his case, multi-dose drug dispensing systems might increase adher-
ence, although they have the disadvantage of leading to decreased knowledge about 
medications in older patients.20 According to the findings in the focus-group discussions 
(Chapter 3) and in the literature, Mr John might benefit from individualised, system-
atic and guideline-based, nurse-based case management, as this often translates into 
a clinically meaningful reduction in cardiovascular-related morbidity and mortality.21 
Regular proactive follow-up might lead to improvement in treatment uptake. Since his 
absolute risk for recurrent cardiovascular disease and disability is high (severe history 
of cardiovascular disease complicated by heart failure, most likely also resulting in high 
NT-proBNP levels), optimising treatment might considerably reduce his risks.
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2.4. Mr John and vulnerability in secondary cardiovascular prevention
Mr John lives alone, is not outgoing, is inactive and is most likely a vulnerable old man.

In the focus-group discussions, the GPs mentioned that ‘vulnerability’ influences their 
treatment decisions. In the case of very frail elderly patients they had more doubts as 
to whether or not to start or continue secondary preventive treatment. Life expectancy 
and lag time to benefit may contribute to these considerations. However, we observed 
(Chapter 2) that prescription rates were not independently associated with GPs’ judge-
ment of vulnerability; this might be due to the observed strong association of age itself 
with prescription rates. Also, the use of a more comprehensive frailty instrument might 
yield different results. However, studies on the association between GPs’ judgement of 
vulnerability, and scores on questionnaires in the four domains of the ISCOPE study, 
showed that the association between GPs’ judgement of vulnerability and scores in 
the somatic and psychological domains was reliable, although variability was found in 
scores on the social and functional domains.22-24

That GPs’ judgement of vulnerability was not associated with reduced prescription 
rates, might be considered a positive finding. Especially in vulnerable patients, preven-
tion of the recurrence of cardiovascular disease might help preserve independency. 
However, in already vulnerable patients with polypharmacy, it is important to provide 
close follow-up for possible adverse effects and be extra vigilant regarding e.g. drug 
interactions, dehydration, and comorbidity. Ultimately, frailty should not be seen as a 
reason to withhold care, but rather as a means of delivering it in a more patient-centred 
fashion.25

With regard to our patient, Mr John, a vulnerable person at high risk for recurrent car-
diovascular disease, cognitive and functional decline, re-initiation of treatment should 
be considered. According to the focus-group discussions (Chapter 3) possible benefits 
and harms of treatment should be discussed, keeping in mind the main aim of second-
ary cardiovascular prevention in very old age, i.e. to improve quality of life.
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3. METHODOLOGICAL CONSIDERATIONS

Several methodological features of the studies in this thesis are now addressed: namely, 
comparison of risk prediction models, recalibration of risk prediction models, net reclas-
sification improvement (NRI), prediction versus causation, and the possible additional 
value of the use of directed acyclic graphs (DAGs).

3.1. Comparing risk prediction models
In this thesis we investigated associations between relatively new cardiovascular risk 
makers and several cardiovascular/functional outcomes in old age. We focused on new 
risk markers that might be effective for use in secondary cardiovascular prevention in 
old age. These markers were added to prediction models with the traditional risk mark-
ers, and the incremental predictive value was calculated.

Predictive model performance is mostly reported using area under the receiver-op-
erating curves (AUCs) and C-statistics. However, improvements in model performance 
do not necessarily imply meaningful improvements on a patient level. Also, the better 
the existing model already performs, the more difficult it is to show significant improve-
ments.26 A systematic review on comparisons of established risk prediction models 
for cardiovascular disease showed that authors always report better AUCs for their 
own models, and that outcome selection bias was often present.27 Optimism bias was 
observed in articles in which at least one of the authors was previously involved in the 
development of one of the models compared in the new research article.

In Chapter 7, we explored the predictive value of NT-proBNP in the secondary preven-
tion population of the PROSPER study. First, the SMART risk score was validated using 
the same outcome as in the original SMART study population. Also, because we were not 
involved in the development of the SMART risk score, the possibility of optimism bias 
was avoided. However, we might have had an overoptimistic view on the performance 
of NT-proBNP, since we had observed its positive predictive value in the Leiden 85-plus 
Study. On the other hand, predictive value is often less in a RCT 28, e.g. the PROSPER study, 
than in observational studies. To validate the observed predictive value of NT-proBNP 
(Chapters 5 and 6) we tested the performance of NT-proBNP in a different study popula-
tion. We found that the predictive performance was comparable, thereby strengthening 
our observation that NT-proBNP is a promising predictor of cardiovascular risk in old 
age.

In secondary cardiovascular prevention, C-statistics of models with traditional risk 
markers are often modest, leaving room for improvement.29 Thompson et al. found C-
statistics of 0.60 and 0.62 for the Essen stroke Risk Score and for the Stroke Prognosis 
Instrument, respectively.29 Compared to these latter C-statistics, the incremental predic-
tive value of NT-proBNP in this thesis was consistently better, with an AUC of 0.66 (Δ 
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AUC 0.05) in the PROSPER study population, and 0.67 (Δ AUC 0.08) in the Leiden 85-plus 
Study. This is in line with a review (including studies in younger populations) by di An-
gelantonio et al., in which AUCs ranged from 0.65 to 0.80 after addition of NT-proBNP 
to varying existing risk prediction models in secondary cardiovascular prevention (delta 
AUC with addition of NT-proBNP ranging from 0.02 to 0.10).30

This underlines that NT-proBNP might be very useful in risk prediction in the ageing 
population. However, as stated, improvement in model prediction does not necessarily 
mean improvement on the individual patient level. Therefore, we discuss below the 
net reclassification improvement (NRI), a calculation of the number of patients that are 
correctly reclassified by adding a new risk marker to a (traditional) model. However, 
we first address the use of risk prediction models and the need for recalibration of risk 
prediction models in different study populations.

3.2 Recalibration
In this thesis the incremental predictive value of new biomarkers was investigated. We 
added new biomarkers to the currently used risk prediction models. For example, in 
Chapter 7 we describe the performance of a model with age and sex, a model with tradi-
tional risk markers, and a model with the recalibrated SMART risk score. This SMART risk 
score includes traditional risk markers, high sensitive C-reactive protein, kidney func-
tion, history of coronary heart disease, history of cerebrovascular disease, and history of 
abdominal aortic aneurism. The SMART risk score had to be recalibrated for the PROSPER 
study population. Age differences might have contributed to the difference in perfor-
mance of the SMART model, as the PROSPER study population is generally older than 
the population in which the SMART risk score was originally developed. In the PROSPER 
study population the SMART risk score overestimated risk for recurrent cardiovascular 
disease, especially in patients identified as higher risk patients.

The new AHA-ACC-ASCVD risk score has also been shown to overestimate risk in a 
different study population. This emphasises the need for calibration of newly developed 
risk scores in different populations, as the score will always predict best in the popula-
tion for which it was developed.31

In general, when assessing the impact of the addition of new biomarkers to standard 
risk scores, the method used to control for standard predictors influences the appar-
ent incremental performance.32 Specifically, adding a new biomarker to a model with a 
published risk score usually leads to a greater increase in the C-statistic. Reliance on a 
published risk score might give an overly optimistic view of the true predictive ability 
of the biomarker. Therefore, assessment of the incremental yield of a new biomarker 
for cardiovascular disease should be performed by re-estimating the coefficients for 
the standard predictors using the current study data, as opposed to using coefficients 
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of the formerly published risk score. Therefore, in Chapter 7 we used the re-estimated 
coefficients for the traditional risk markers, and the recalibrated SMART risk score.

With the use of this proper technique, NT-proBNP still improved the AUC when added 
to a simple model including only age and sex, the traditional model and the SMART risk 
score, indicating its robust association with the cardiovascular endpoint, independent 
of the traditional risk markers and the SMART risk score.

3.3. Net Reclassification Index (NRI)
The additional predictive value of NT-proBNP with regard to incident cardiovascular 
disease and mortality was investigated in Chapter 5 to 7. NT-proBNP was added to the 
currently used risk prediction models and improvement in C-statistics was calculated. 
However, for clinicians it is crucial that the addition of new risk markers also improves 
risk classification on the individual level. Therefore, in this thesis, reclassification im-
provements are also presented (Chapters 5 to 7). Unlike primary prevention, in second-
ary prevention there are no risk categories with definite percentages of predicted risk 
and, therefore, the category-free net reclassification improvement (category-free NRI) 
was calculated.33;34 This is a more objective reclassification and easy to compare across 
studies. The choice of risk cut-offs and the number of categories can have a considerable 
impact on the NRI, and only a limited number of categories should be used if catego-
ries have a strong clinical importance.35;36 The category-free NRI represents how many 
participants are correctly reclassified when a new predictor is added to a risk prediction 
model. First, risk is calculated for each individual participant with a model including the 
established predictors and, thereafter, risk is calculated with the addition of the new 
predictor to the model. Participants with a higher calculated risk after addition of the 
new predictor are reclassified up, and participants with a lower predicted risk after addi-
tion of the new risk marker are reclassified down. In the group that actually experiences 
the endpoint, correctly reclassified persons are participants with a higher predicted risk 
after addition of the new risk marker, whereas participants with a lower predicted risk 
are incorrectly reclassified down. For calculation of net benefit within the group that 
experiences the endpoint, these participants are subtracted from the participants that 
are correctly reclassified up. In the group that does not experience the endpoint, cor-
rectly reclassified persons are participants with a lower predicted risk after addition of 
the new risk marker, whereas the participants with a higher predicted risk after addition 
of the new risk marker are incorrectly reclassified up. Thereafter, the net reclassification 
improvement NRI is calculated as follows:

NRI = P(up|event) − P(down|event) + P(down|nonevent) − P(up|nonevent)
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In our population-based sample of participants with a history of cardiovascular disease 
in the Leiden 85-plus Study (Chapter 5), category-free NRI for addition of the severity of 
the cardiovascular disease history to the traditional risk markers was 27%. For addition of 
NT-proBNP this was 39% (58.7% of participants reclassified up, minus 41.3% reclassified 
down in the group that experienced the endpoint, plus 61.3% reclassified down, minus 
38.7% reclassified up in the group that did not experience the endpoint). These numbers 
indicate that 16.4% was correctly reclassified up and 22.6% correctly reclassified down, 
indicating that NT-proBNP can be used both ways, i.e. it better identifies high as well as 
low risk persons. In the PROSPER study population (including patients aged 75 years 
and over) the category-less NRI with the addition of NT-proBNP to the minimal model, 
including only age and sex, was similar (41%)

In conclusion, the addition of NT-proBNP to simple or more complex risk prediction 
models not only improves model performance, but also improves risk prediction on the 
individual patient level. This implies that NT-proBNP can be useful in clinical practice 
when estimating individual risk for (recurrent) cardiovascular disease in old age.

3.4. Prediction versus causation
Our study in Chapter 6 shows that NT-proBNP was associated with cognitive decline 
over time. Although the exact cause or mechanism underlying this association remains 
unknown, the question arises as to whether these associations also have a causal rela-
tionship.

To address this question we need more insight into NT-proBNP itself: what it is and 
where it originates from. As described in Chapter 6, proBNP (split into the biologically 
active brain natriuretic peptide (BNP) and the biologically inactive N-terminal pro-brain 
natriuretic peptide), is secreted by the muscle cells of the heart in response to ventricu-
lar wall stress. BNP leads to increased diuresis, relaxation of vascular smooth muscle cells 
and inhibition of the renin-angiotensin-aldosterone axis, causing a reduction in blood 
pressure and ventricular preload. NT-proBNP is highly elevated in heart failure patients. 
Levels of NT-proBNP are also increased in acute coronary syndrome, stable angina 
pectoris, pulmonary embolism, atrial fibrillation, left ventricular hypertrophy, chronic 
obstructive pulmonary disease, and renal dysfunction.37;38 In the elderly, including the 
presumed ‘healthy’ elderly, plasma levels of NT-proBNP are generally elevated and 
alterations in cardiac structure or function (such as age-related myocardial fibrosis and 
subtle diastolic dysfunction not detectable by current techniques) as well as reduced 
renal clearance, are suggested to be involved.39;40

In a study on possible biomarkers for the development of dementia, NT-proBNP 
was found to be a stable candidate protein for both the diagnosis and progression of 
Alzheimer dementia, as it was significantly higher in participants with mild cognitive 
impairment and in those with Alzheimer dementia.41 In the PROSPER study, NT-proBNP 
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was also associated with cognitive decline.42 Although this confirms the association, we 
still lack information on possible causal mechanisms.

Several mechanisms have been suggested regarding the association between car-
diovascular disease and cognitive impairment. Abete et al. describe a heart-brain con-
tinuum hypothesis and suggest that the cardiovascular disease continuum begins with 
the traditional risk markers, initiating the process that leads to tissue damage; thereafter, 
the presence of hypertension during middle age represents the key point for the devel-
opment of left ventricular hypertrophy and atrial fibrillation and all these conditions, 
together with coronary artery disease, may lead to chronic heart failure, cerebral hypo-
perfusion and embolic stroke, eventually leading to cognitive decline at the end of this 
cardiovascular continuum.43 NT-proBNP might be a sensitive marker of this cascade as it 
is elevated in heart failure. This is supported by a study in an older population of patients 
with heart failure, showing that ejection fractions below 30% were indeed associated 
with worse memory function.44 In patients with severe heart disease and congestive 
heart failure, a high frequency of cognitive abnormalities has been reported.45;46 In fur-
ther support of this possible pathophysiologic mechanism, a meta-analysis showed that 
both Alzheimer disease and vascular dementia are associated with decreased cerebral 
blood flow velocities.47 In our study, exclusion of participants with clinical heart failure 
did not change the results; perhaps subclinical heart failure also affects the brain.

Intermittent atrial fibrillation in persons with high NT-proBNP, with subsequent em-
bolic brain infarcts impairing cognitive function, has also been suggested as a causal 
mechanism.48 This might be supported by our data (Chapter 6, as we also observed high 
NT-proBNP levels in persons with atrial fibrillation, as well as a high incidence of atrial 
fibrillation during 5-year follow-up in the highest tertile of NT-proBNP.

The possible association between vascular disease in general and cognitive impair-
ment is also suggested by the finding that patients with both vascular disease and 
Alzheimer pathology have poorer intellectual function than patients with Alzheimer 
abnormalities only.49;50 As NT-proBNP is associated with both atherosclerosis and (via 
heart failure) with decreased perfusion of the brain, these could be underlying causal 
mechanisms of the observed association between NT-proBNP and cognition.

In conclusion, although an association between NT-proBNP and cognition was ob-
served, more research is needed to clarify the causal mechanisms. In the ageing society, 
prevention of cognitive decline is important and the promising role of NT-proBNP in the 
prediction of cognitive decline needs to be clarified. It will be interesting to investigate 
the presence of macro, micro and subcortical brain infarcts, lacunae, white matter le-
sions, and Alzheimer pathology in brain specimens of patients whose cardiac condi-
tions, BNP, and NT-BNP were measured during life, and also to perform MRI during life to 
quantify these pathologies to some extent.48
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3.5. Directed acyclic graphs (DAGs)
When estimating the consequence of an exposure on a health outcome, estimation of 
its effect is often complicated by confounding bias.51;52 Although this can often be dealt 
with by controlling for the variables causing the confounding (if measured) in the sta-
tistical analysis, residual confounding is always possible due to currently unknown con-
founders. Common statistical methods to address confounding include multivariable 
regression models with adjustment for selected confounding variables, or stratification 
on those variables.

For example, in the association between NT-proBNP and ADL disability (Chapter 6), 
we first analysed crude associations of gender-specific tertiles of NT-proBNP and ADL 
disability and then presented associations adjusted for the traditional risk markers, BMI, 
kidney function, use of medication for hypertension, as well as additionally adjusting 
for prevalent cardiovascular and cerebrovascular disease. However, the results remained 
basically the same.

The question remains as to which measured variables need to be controlled for in 
order to remove confounding. One approach to confounder selection is based on causal 
diagrams. A directed acyclic graph (DAG) is a visual representation of the causal rela-
tionships believed to exist between the variables of interest, including the exposure, 
outcome and potential confounding variables. After creating a causal diagram for the 
research question, an intuitive and easy-to-use set of rules can be applied, based on a 
foundation of rigorous mathematics, to decide which measured variables must be con-
trolled for in the statistical analysis to remove confounding to the extent possible using 
the available data. 53 We illustrate this by constructing a concept of a causal diagram for 
our research question: ‘Does NT-proBNP independently affect the risk for the develop-
ment of ADL disability?’

First, we have to define possible confounders. Age, sex, smoking, diabetes, choles-
terol, hypertension, medication for hypertension, obesity, kidney function, physical 
activity, arthrosis and arthritis, chronic lung disease, myocardial infarction, and stroke, 
are all potential confounders when exploring the association between NT-proBNP and 
ADL disability. In our analysis in Chapter 6, we adjusted for known cardiovascular risk 
predictors, but did not include arthrosis and arthritis, or chronic lung disease. Although 
the presence of chronic lung disease might lead to ADL disability, chronic lung disease 
is also associated with higher NT-proBNP levels.

We added all these confounders in a DAG, using Daggitty (http://www.dagitty.net/) 
and defined the associations between the variables using common sense and known 
associations. It should be noted that we did not elaborate on finding evidence for all the 
arrows in the current DAG, so it is still possible to discuss possible associations and the 
directions of the arrows in the graph in order to optimise this causal diagram. Our first 
try-out resulted in the following DAG.
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On the left, NT-proBNP is the determinant and, on the right, ADL disability is the 
outcome. All possible confounders (with arrows indicating their associations) are added 
to the graph.

Then, a computerised system automatically composes all possible minimal adjust-
ment sets that prevent over-adjustment for interrelated variables. According to the 
arrows in this DAG, two minimal sufficient adjustment sets for estimating the total effect 
of NT-proBNP on ADL disability are identified:
–	 age, sex, hypertension, obesity, physical activity, smoking and lung disease
–	 age, sex, hypertension, obesity, renal function, smoking and lung disease

In conclusion, DAGs can help researchers to identify a minimal adjustment set, thereby 
preventing over adjustment. Also, it revealed a limitation of the study in Chapter 6, i.e. 
we could have made a minimal adjustment set for the association between NT-proBNP 
and ADL functioning over time, with a small selection of traditional risk markers and 
cardiovascular disease history, but with inclusion of lung disease.

4. OVERALL PERSPECTIVE

Finally, we present some points related to patient perspectives, societal perspectives, 
clinical implications, and some recommendations for future research.

4.1. Secondary cardiovascular prevention: what is the patient’s perspective?
In this thesis, although we did not address patients’ perspectives on secondary cardio-
vascular prevention in old age, this could be an interesting item for future research. In a 
survey among persons at increased risk for stroke, many elderly individuals were of the 
opinion that they currently experienced a high quality of life, but feared development 
of a major stroke; many considered this to be worse than death.54 In our focus-group 
discussions (Chapter 3) GPs also mentioned that ‘anticipated regret’ (i.e. fearing the 
development of stroke after stopping preventive treatment) was a strong motivator to 
continue treatment.

Historically, patient-centred outcomes are often ignored in cardiovascular research. A 
review on the reporting of patient-centred outcomes in heart failure trials showed that 
of all trials, about 60% also measured outcomes in the functional, psychological and 
social domain.55 That review showed increasing attention for more patient-relevant out-
comes over time. Although this is promising, patients’ individual goal attainments were 
universally absent. For continued progress in patient-centred care, we need to develop 
these outcomes, study their merits and pitfalls, and intensify their use in research.
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Patient views on secondary cardiovascular prevention in old age are important, 
particularly since older persons’ willingness to take medication for primary cardiovas-
cular disease prevention is relatively insensitive to its benefit but highly sensitive to its 
adverse effects.56 Therefore, clinical guidelines and decisions about prescribing these 
medications to older persons need to focus on both the benefits and harms 56; this idea 
was confirmed by our focus-group study (Chapter 3). With respect to the burden of tak-
ing daily medications, it was reported that of 1,000 residents in the USA aged 30 years 
and over, about a third was willing to trade some time at the end of life to avoid taking 
daily medicine for cardiovascular disease.57 This implies that more research on patients’ 
views of secondary cardiovascular preventive medication in old age might reveal novel 
and unexpected viewpoints, and might further explain underlying reasons for the low 
prescription rates observed.

4.2. Perspectives for the ageing society: uncertainty
Although older patients that have survived their cardiovascular disease are at high risk 
of future events, cognitive and ADL decline, only half receive at least a lipid-lowering 
drug and an antithrombotic drug. Prescription rates decline even more with increas-
ing age (Chapter 2), which might lead to unnecessary morbidity and mortality. In the 
focus-group discussions with GPs about secondary cardiovascular prevention in old age 
(Chapter 3), the main theme that emerged was ‘uncertainty’ , which is often difficult 
for physicians. As Alexander Smith argues in his report ‘Uncertainty: the other side of 
prognosis’, there is increased interest in prognosis as it plays a central role in medical 
decision-making. Patients mention that understanding prognosis is important for mak-
ing life choices. However, there will always be some uncertainty in prognosis and this 
uncertainty is difficult to deal with. Worrying about the future may impede the ability to 
enjoy the present. Clinicians may also have trouble with prognostic uncertainty. Smith 
believes that physicians need to recognise their reaction to uncertainty and recognise 
how these reactions may influence their conversations with patients. In many respects, 
the primary communication task of clinicians is the management of uncertainty and, 
perhaps, nowhere is this clearer than in communication about prognosis. By normalising 
uncertainty and attending to the affective response to living in the face of an uncertain 
future, we may help our patients and their families to enjoy the time they have now.58 
Openness about uncertainty and shared decision-making can help physicians in their 
conversations with old patients with a history of cardiovascular disease.

Iona Heath recently stated that ‘… uncertainty exists in the gap between the territory 
of human suffering and the map of biomedical science…’ and that ‘…the task of making 
the medical map useful to those trapped within the territory of suffering is, and will 
always be, fraught with uncertainty, because of the vast extent and infinite variation in 
the territory and because of the comparatively rudimentary nature of the map. But the 
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uncertainty and doubt that clinicians experience every day are also what makes new 
knowledge and understanding possible…’. 59

Specifically with regard to uncertainty in secondary cardiovascular prevention in old 
age, in this thesis we may have created ‘a mark on the medical map’. Information on 
the severity of the cardiovascular disease history and the use of NT-proBNP may help 
physicians when facing dilemmas in the treatment of old patients with a history of car-
diovascular disease. However, because of the uncertainty about the benefits and harms 
in each individual (with their unique comorbidities, side-effects, and cardiovascular 
disease history) shared decision-making between clinician and patient is mandatory; 
moreover, decisions should always be re-evaluated when the patient’s status changes.60 
Appropriate medications often depend on the remaining life expectancy, time to 
benefit, treatment targets, and goals of care.61 All these aspects need to be taken into 
account for our older patients. Clinical decision-making requires judgement because 
the evidence is imperfect and treatment decisions have to consider all the patient’s 
circumstances and preferences. It may sometimes be better to stop or even not start 
preventive medications. Also, deprescribing in older patients is receiving more atten-
tion 62-69 and might have possible benefits, such as improved adherence by means of 
reducing polypharmacy, increased medication knowledge, increased engagement in 
medication management, and resolution of adverse drug reactions. In view of all the 
uncertainty that comes with complex morbidity in old age, treatment decisions should 
be highly individualised with the ultimate aim not only to prolong life, but to improve 
the patient’s quality of life.

4.3. Guidelines in the ageing society
As described in Chapter 3, GPs are hindered by the lack of age-specific guidelines for 
secondary cardiovascular prevention in old age. The ageing society would benefit 
from guidelines that provide more guidance about which treatments are most likely 
to benefit and least likely to harm in old age, also taking multi-morbidity into account. 
A qualitative study among staff physicians and nurse practitioners on the influence of 
patient age and comorbid burden on the usefulness of national heart failure guidelines, 
showed that clinicians perceive these guidelines to be substantially less useful in pa-
tients of older age and with greater comorbid burden.70 Concerns about the clinical and 
pharmacologic complexity of these patients and the expected benefits of drug therapy 
were commonly invoked as reasons for this scepticism. Simple versions of guidelines 
only recommending treatments to consider starting, avoiding, or stopping, would be 
useful as a potential starting point, while more complex fully cross-referenced versions 
should be developed, with explicit guidance about treatments most likely to benefit and 
least likely to harm in old age, informed by the patterns of comorbidity that are most 
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common).71 Guidelines should focus on providing recommendations and promoting 
choice, but leaving room for opinions about how to interpret the evidence.72

4.4. Ageing and secondary cardiovascular prevention in general
With regard to the overall scope, if the results of this thesis do help to improve clini-
cal practice and the prescription of secondary cardiovascular preventive medications 
increases, this will probably result in more patients surviving up to very old age, which 
may pose a problem for society. However, since secondary cardiovascular prevention is 
probably as effective in older people as it is in younger people, with benefits increased 
in view of raised levels of absolute risk 73, it may help to reduce individual and societal 
effects on disability and dependence. A possible hopeful finding for future generations 
is that a Danish cohort study reported improvement of physical and cognitive function-
ing of people aged over 90 years over the last decade, which suggests that more people 
are living to older ages with better overall functioning.74

Improved identification and follow-up of patients eligible for secondary preventive 
measures in old age, seems worthwhile. If these patients are invited for a consultation, 
the benefits and harms can be evaluated individually and treatment decisions can be 
taken accordingly. Then we will be more certain that there is no ‘under treatment’ in old 
age, and more timely and appropriate treatment for each individual patient.

4.5. Clinical implications
The results of the studies described in this thesis give rise to the following recommenda-
tions related to aspects of secondary cardiovascular prevention in old age:

Organisation of care:
–	 To prevent patients falling into the gap between secondary and primary care, GPs 

are advised to regularly check whether they have correctly registered (ICPC) all their 
old patients with a history of cardiovascular disease in the electronic medical records

–	 Annual follow-up of these patients, preferably organised by a practice nurse, is man-
datory. Computerised systems can help identify the (unintentional) non-adherence, 
untreated patients, and patients not showing for follow-up. Thereafter, in shared 
decision-making with each individual old patient, the pros and cons of secondary 
preventive treatment can be carefully weighed, taking into account the individual 
preferences, vulnerability, comorbidities, polypharmacy, lag time to benefit, side-
effects, vitality, expected benefit of treatment, and priorities of care.
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Risk assessment:
–	 The severity of the cardiovascular disease history should be taken into account when 

estimating the risk for recurrent cardiovascular disease and cardiovascular mortality 
in old age

–	 NT-proBNP values can be used as a predictor of recurrent cardiovascular disease in 
old age

–	 GPs should be aware that the SMART risk score overestimates risk in old age

Prognosis:
–	 The severity of the cardiovascular disease history and use of NT-proBNP levels can 

help estimate the risk for cognitive decline and ADL disability

Treatment:
–	 When in doubt as to whether or not to continue, start, or stop statin treatment, 

NT-proBNP levels can be helpful. However, before the results concerning NT-proBNP 
and prediction of treatment effect of statins (Chapter 7) can be generally applied in 
guidelines for secondary prevention in old age, replication of these results in differ-
ent study populations is required

–	 Specified guidelines should be developed for old patients with a history of car-
diovascular disease, including advice on frequently encountered problems with 
polypharmacy and comorbidity

4.6. Recommendations for future research
Patients’ perspectives on secondary preventive treatment should be further investigat-
ed. Underlying reasons for not starting or stopping secondary preventive medication, 
as well reasons for non-adherence in old age, need to be further explored. Establishing 
whether non-adherence is intentional or unintentional, particularly among frail or iso-
lated patients, might shed more light on the observed low prescription rates in old age. 
Research on the decision-making processes of physicians and patients leading to non-
prescribing or selective intentional non-adherence amongst older adults with multiple 
medical problems and a history of cardiovascular disease, will provide more insight into 
the processes underlying the low prescription rates observed.

Research on ways to improve adherence in old age will help optimise treatment. Evalu-
ating whether structural involvement of a practice nurse in evaluation and follow-up of 
all old patients with a history of cardiovascular disease indeed improves prescription 
rates is a first step to be taken and, ideally, this should be accompanied by the qualitative 
research described above.

Future dedicated research, that accounts for the heterogeneity of older patients 
with a history of cardiovascular disease, is necessary to collect evidence and data for 
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the development of tailored guidelines. Inclusion of old and multi-morbid patients in 
clinical trials is of pivotal importance, in order to reveal the real-life benefits of secondary 
preventive medication in community-dwelling patients with multi-morbidity in very old 
age.

Additionally, a new approach to research might be to embed randomisation in a large, 
free-living cohort of persons that spans the entire life spectrum. This would allow to 
test interventions at various stages of the cardiovascular disease process and provide 
sufficient power to reliably assess treatment. Randomisation would minimise bias and 
confounding. Nowadays, this can be easily undertaken, since randomisation can be 
included in the electronic medical records, which become the case report form for an 
RCT. Also, electronic sources of data might be used in clinical investigations.75

Our finding that NT-proBNP is associated with treatment effect of statins in old age 
should be further investigated in different study populations in old age.

Finally, further implementation studies with addition of NT-proBNP in risk assessment 
and subsequent treatment decisions, will help clarify whether this strategy indeed im-
proves the prognosis of very old patients with a history of cardiovascular disease.
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