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General introduction

General introduction

CARDIOVASCULAR DISEASES – HEALTH AND ECONOMIC BURDEN IN DEVELOPED
COUNTRIES
Cardiovascular diseases (CVD) comprise disorders that affect the heart, blood vessels or
both. Some of the most common CVD disorders are coronary heart disease ((CHD) i.e.
stable angina and acute coronary syndrome (ACS)), cerebrovascular disease (i.e. transient
ischemic attack and stroke), peripheral arterial disease, rheumatic heart disease,
congenital heart disease, heart failure (HF), venous thromboembolism (VTE) (1).
CVD had a leading position in contribution to global disease burden among the noncommunicable diseases in the last couple of decades. In 2008, 17 million persons died
from CVD worldwide. However, in some developed countries, a declining trend of CVD
mortality rates is observed in recent years. In the Netherlands, CVD are now the second
largest cause of death accounting for 29% of total deaths after cancer being the first with
a toll of 33% of total deaths (1). This significant drop in CVD mortality, reaching almost
50% in both men and women in the Netherlands, might be explained by the advances in
both treatment and CVD prevention strategies (2-4). Nevertheless, hospital admissions
due to CVD do not seem to follow the mortality trend and remain high (5). Moreover,
patients who experience non-fatal CVD events are severely affected with disability and
impairment of health-related quality of life (HRQoL). For example HRQol of patients after a
major stroke were on average half of perfect health (6). Given that this estimate is
positioned approximately only in the middle of the scale, the burden of major stroke on
patient’s HRQoL is undisputable. Although there is significant variation on the level of
HRQoL across CVD disorders and across severity levels it consistently indicates
impairment.
CVD do not only account for a major share of overall morbidity and mortality worldwide,
but also significantly contribute to global healthcare expenditures. Some of the major
drivers of resources used within the healthcare system are the costs of hospitalizations,
long-term management and rehabilitation care due to CVD. From a broader societal
viewpoint, next to healthcare costs accounting for approximately two thirds of total
economic burden due to CVD, one third of costs can be attributed to the productivity loss
costs associated with the CVD patients being absent from work and the costs of informal
care of these patients (7,8). In the Netherlands, economic burden of CVD led to healthcare
expenditures of €5.5 billion annually, while in the whole European Union it mounted to
€105 billion (7,8).

CARDIOVASCULAR DISEASES PREVENTION – RISK PREDICTION APPROACH
The most recent European guidelines on CVD prevention recommend the combination of
two different approaches to achieve the highest level of prevention (9). One approach
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focuses on promoting lifestyle and environmental changes in the population at large (i.e.
the public health/population-based approach) while an alternative approach aims to
modify risk factors only in individuals identified to be at a high risk (i.e. the high-risk
approach). Although the large-size benefits may be reached by applying the population
prevention approach, the benefits that can be achieved with individual risk assessment
should not be disregarded. Furthermore, implementing individual risk assessment to
identify high-risk individuals remains a recommended strategy in regular clinical practise
(9).
Nowadays risk assessment tools are derived using data from decades-long studies
designed to follow large cohorts for a sufficient length of time and for which both patient
characteristics (i.e. risk factor characteristics) and outcomes are known over time. For
example, studies based on the Framingham population were among the first ones to find
the association between a number of, often correlated, modifiable and/or non-modifiable
risk factors and the onset of CVD (10)(11). Elevated blood pressure (BP), cholesterol or
glucose levels and smoking have been identified as some of the major modifiable risk
factors, and age, gender and genetic predisposition are some of the non-modifiable risk
factors, whose conjoint influence can lead to CVD.
The aforementioned types of observations have set the grounds for the development of
various multivariable risk prediction models that attempt to translate this conjoint impact
of various risk factors on the onset of CVD into a mathematical relation. Numerous
differences exist between the various proposed CVD risk prediction models. These models
often differ in the specific risk factors they comprise, the underlying study populations
(different geographical regions, baseline CVD risks) as well as whether they reflect the risk
of overall CVD or one of its specific CVD forms (e.g. myocardial infarction, stroke etc.).
Moreover, they give predictions over different time horizons (e.g. 1-4 years (12), 10 years
(13) or 30 years (14)), for different clinical endpoints (e.g. fatal (13) or overall CVD (12))
and for primary or secondary CVD events (12).
Because of the aforementioned differences across risk models, the choice and consequent
utilization of a model for projecting CVD risk in a certain setting is not straightforward. The
choice of a model might need to be made with respect to specific characteristics of the
population of interest (e.g. middle-aged or elderly patients, or diabetics), or with respect
to the need to estimate CVD risk over a specific time-horizon. An example of a model for
CVD risk assessment in European populations is the SCORE model developed on data from
12 European cohorts (9,13). The high- and low-risk region-specific multivariable risk
functions of the SCORE model estimate the 10-year risk of a fatal CVD by accounting for
age, gender, level of SBP, level of cholesterol and prevalence of smoking. Thus, if the 10year risk of a fatal CVD needs to be estimated in individuals from a certain European
setting, the choice of the SCORE model risk function should be made carefully with respect
to the general population’s risk level. Notably, the robustness and validity of the risk
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prediction in a specific setting needs to be assessed, and if needed, it can be enhanced by
various adjustments and validation methods.

PHARMACOLOGICAL INTERVENTIONS TO PREVENT CARDIOVASCULAR DISEASES
When it comes to implementing prevention strategies to reduce the overall CVD risk by
identifying individuals at risk with the use of a suitable CVD risk prediction model (9),
various national and international guidelines give different recommendations on the CVD
risk threshold above which pharmacotherapy should be introduced in addition to lifestyle
changes (15).
In the Netherlands, cardiology guidelines recommend pharmacotherapy to prevent CVD
for patients at a 10-year CVD mortality or morbidity risk of 20% or exceptionally at lower
levels of risk if accompanied with other comorbidities (e.g. diabetes or rheumatoid
arthritis) or previous CVD (16). Prevention strategies can include antihypertensive
treatment and/or statins, if high CVD risk is accompanied with systolic blood pressure
(SBP) greater than 140 mmHg and/or low-density lipoprotein (LDL) greater than 2.5mmol/l
(16). In patients with a medical history of previous CVD events and elevated SBP and/or
LDL levels, immediate pharmacotherapy is recommended due to the relatively high risk of
recurrent CVD events (16).
Moreover, in the presence of certain individual risk factors, such as atrial fibrillation (AF)
or diabetes, pharmacological interventions additional to the ones previously mentioned
may be indicated. For example, atrial fibrillation (AF) is considered to be an independent
risk factor leading to an even 5-fold increased risk of stroke (17). To prevent stroke in
patients with AF and minimum one stroke risk factor (i.e. congestive HF or left ventricular
dysfunction, Hypertension, Age≥75 (doubled risk), Diabetes, Stroke (doubled)-Vascular
disease, Age 65–74, Sex category (female) [CHA2DS2-VASc] ≥ 1), antithrombotic preventive
treatment is recommended (17). Yet, this preventive strategy does not apply to patients
younger than 65 years with an AF diagnosis and being female as the only risk factor.
Furthermore, once the criteria are satisfied for a patient to receive pharmacotherapy for
CVD prevention, a choice of the most suitable treatment option needs to be made. From
the healthcare perspective, this choice should consider both treatment effectiveness in
modifying the risk factors of interest and its safety profile. For example, to prevent stroke
in patients with AF, guidelines generally recommend the use of vitamin K-anticoagulants
(VKAs) or novel oral anticoagulants (NOACs)(17). However, these medicines differ in their
effectiveness to protect against stroke and other thromboembolic events as well as in the
safety profile reflected by the incidence of major bleeding events (18).
Finally, next to considering the health-related aspects of choosing a certain
pharmacological treatment, the economic consequences of that decision should not be
ignored due to limited healthcare resources. Together, the health and economic
13
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consequences of applying pharmacological interventions to prevent CVD should be
assessed in a formal way through pharmacoeconomic analyses.

CHALLENGES IN PHARMACOECONOMICS OF CARDIOVASCULAR DISEASES
PREVENTION
A number of governmental institutions worldwide request sound pharmacoeconomic
evidence to aid health policy and reimbursement decisions regarding newly introduced
interventions (19). Commonly, country-specific guidelines are available to assist analysts in
conducting coherent pharmacoeconomic analyses for reimbursement purposes. Yet, when
such analyses on pharmacological interventions to prevent CVD are needed, numerous
methodological challenges can be encountered whose solutions are not explicitly
discussed in the aforementioned guidelines.
To compare different pharmacological interventions in CVD prevention, numerous health
and economic evidence are needed. In ideal circumstances, evidence on long-term
treatment effectiveness of specific interventions (i.e. hard clinical endpoints, such as CVD
morbidity and mortality), HRQoL values collected alongside clinical trial and all the
relevant up-to-date country-specific costs would be available for such an analysis (Figure
1A). However, pragmatic pharmacoeconomic analysis needs to consider the use of less
perfect evidence, as often this evidence is not available at the time when the
pharmacoeconomic analysis is done (Figure 1B). Firstly, if the pharmacoeconomic analysis
investigates the use of a new pharmacological intervention that is directed to modifying a
certain risk factor, such an analysis would commonly have access only to short-term
(intermediate) treatment effectiveness evidence. This is particularly the case when
collecting pharmacological efficacy data from a relatively healthy population (commonly
indicated for primary CVD prevention) where conducting a clinical trial to provide hardclinical endpoints evidence would be too lengthy and costly. For example, the evidence on
effectiveness of different antihypertensive medicines would only indicate the change in
systolic and/or diastolic BP (SBP and/or DBP) when examined in patients with mild
hypertension and mild to moderate CVD risk. In case treatment evidence (short or long
term) is available from more than one study, analysts might consider the evidence
synthesis of all the relevant data (20). As long-term evidence is generally lacking, it is
necessary to apply a CVD risk prediction model to translate short-term treatment
effectiveness to long-term consequences. Notably, given the previously mentioned
differences across CVD risk prediction models, model choice and its application in
pharmacoeconomic analysis is not straightforward (21). Finally, in case health outcomes of
analysis will be expressed in terms of quality-adjusted life-years (QALYs) gained, all the
available HRQoL evidence reflecting preferences for living in a certain state of CVD might
need to be considered. Commonly, pharmacoeconomists tend to select a HRQoL value in a
14
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less rigorous approach even if a couple of values are available in the literature. Yet, this
should not be a random process. One may consider a value that is close to analysis’s
setting, what seems reasonable, but still it is not robust. Therefore, further effort should
be made to also synthesize evidence on HRQoL, where appropriate.

1

Figure 1 Evidence availability in ideal (A) and pragmatic (B) pharmacoeconomic analysis of
pharmacological interventions in CVD prevention.
HRQoL, health-related quality of life; CVD, cardiovascular diseases.

Embedding and integrating the concepts of evidence synthesis and prediction/simulation
in economic evaluation is one of the key challenges in providing reliable
pharmacoeconomic evidence on interventions for CVD prevention. Moreover, the
dynamic world of new pharmacological interventions for prevention and/or treatment of
CVD, and changes in country-specific health-related economic factors urge for new
pharmacoeconomic analysis accounting for those changes. Specifically, the introduction of
NOACs to the Dutch market for the prevention of stroke in non-valvular AF, and treatment
and prevention of VTE, requires sound pharmacoeconomic evidence to support
reimbursement decisions. This evidence should account for all the specificities of the
Dutch health system and indicate whether there is an additional value associated with the
use of NOACs compared to the standard treatment with VKAs. Notably, such analyses
should adequately consider core issues such as dealing with uncertainty and discounting in
secondary prevention within the context of changing Dutch health-care with increasing
roles for patient access schemes (such as price-volume arrangements), clinical guidelinesdriven cost-effectiveness analyses and cost consciousness.
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AIMS AND OUTLINE OF THIS THESIS
Part I of this thesis addresses some of the challenging issues on simulating and
synthesizing health and economic evidence in primary CVD prevention. Here, one of the
issues concerns the application of CVD risk prediction models in pharmacoeconomic
analysis to project changes in CVD incidence based on changes in risk factor levels
observed in short-term randomised clinical trials. In order to assess the adequacy of
incorporating risk prediction models in available pharmacoeconomic analysis for primary
CVD prevention interventions in high income countries, specify and propose methods for
enhancing the robustness of such studies, a systematic literature review is described in
Chapter 2. Based on the knowledge and caveats derived in this review, an attempt was
made to design a simplified model of primary CVD prevention with antihypertensives
using surrogate endpoints on lowering SBP projected to hard CVD endpoints. This
modelling approach is described in Chapter 3. The aforementioned model was informed
with various published Dutch cost estimates such as cost of HF, angina, stroke, etc. Annex
1 provides an up-to-date estimate of hospital costs associated with HF in the Netherlands.
Next, Chapter 4 describes an evidence synthesis of instrument-specific preference-based
HRQoL values in CHD and its underlying disease-forms (i.e. stable angina, ACS) while
accounting for study-level characteristics (i.e. covariates) and relevant correlations
between those values. This study aims to further enhance the robustness of HRQoL values
used to inform cost-utility analyses on interventions in CHD prevention and/or treatment.
Part II of this thesis describes a number of pharmacoeconomic findings in secondary CVD
prevention. In particular, this part of the thesis focuses on the health and economic
findings associated with the use of VKAs and NOACs such as apixaban and dabigatran, for
the prevention of CVDs in the Dutch setting. Chapter 5 describes a budget impact analysis
of increasing market-share scenarios of patient self-testing and patient self-management
in patients on long-term indication for anticoagulation with VKAs. In Chapter 6, the costeffectiveness of using apixaban compared to VKA was evaluated for the prevention of
stroke in non-valvular AF in the Netherlands. Furthermore, Chapter 7 focuses on the costeffectiveness of another NOAC, dabigatran, for treatment and secondary prevention of
VTE.
Finally, in Chapter 8 the main findings of this thesis are summarized and discussed in the
context of current knowledge and practice, and some recommendations for future
research are given.
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Simulating and synthesizing health and
economic evidence in (primary)
cardiovascular disease prevention

