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actually experience a cardiovascular event in the next 10 years. We estimated the potential cost-effectiveness
of a hypothetical test which helps to determine which individuals will benefit from statins.

Keywords: Methods and results: Prognosis of different age- and gender-specific cohorts with an intermediate risk was
cost-effectiveness simulated with a Markov model to estimate the potential costs and quality-adjusted life-years for four strategies:
test treat all with statins, treat none with statins, treat according to the European guidelines, or use a test to select
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prevention individuals for statin treatment. The test-first strategy dominated the other strategies if the hypothetical test
cardiovascular disease was 100% accurate and cost no more than €237. This strategy and the treat-all strategy were equally effective
statins but the test generated lower costs by reducing statin usage and side-effects. The treat-none strategy was the

decision modelling least effective strategy. Threshold analyses show that the test must be highly accurate (especially sensitive)
and inexpensive to be the most cost-effective strategy, since myopathy has a negligible impact on cost-
effectiveness and statin costs are low.

Conclusion: Use of a highly accurate prognostic test could reduce overall CVD risk, frequency of drug side-effects

and lifetime costs. However, no additional test would add usefully to risk prediction over SCORE when it does not

satisfy the costs and accuracy requirements.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death across
Europe and one of the major causes of disability [1]. Due to its high
prevalence and morbidity rate, the economic burden of CVD is also
substantial. Means to prevent CVD include lifestyle modification and
medicines such as statins[2,3]. Although the annual costs of generic
statins per individual are low, the budgetary impact of wide-scale statin
usage is substantial due to the high prevalence and lifetime utilization.
Since preventive statin treatment is associated with some risk, e.g.
myopathy, the use of statins is not cost-effective in individuals at low
risk[4]. In subjects at higher risk, however, the issue may be quite
different.
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Risk scores such as the Framingham risk score (FRS) [5] and the Sys-
tematic coronary risk evaluation (SCORE) method [6] are well-accepted
tools to estimate the 10-year risk of (non-) fatal CVD and decide which
individuals qualify for statin treatment. The most recent 2012 European
guidelines|7] make use of the SCORE, which categorises individuals into
three risk categories (low, intermediate, high). Individuals at intermedi-
ate risk with an elevated cholesterol level are recommended to receive
statin therapy. However, only 3-15% of them actually develop a cardio-
vascular event. In theory, tests could potentially be used to reclassify
some of these intermediate-risk individuals into a lower or higher risk
category[8], with subsequent implications for their medical treatment.
This would lead to better discrimination and thus a reduction in costs
and an increase in effectiveness since cardiovascular events and unnec-
essary usage of statins would be prevented. However, the discriminative
ability of biomarkers such as C-reactive protein beyond traditional
markers (SCORE) is only modest[9]. The limited prognostic value of
the risk scores and traditional markers as well as the rapid increase in
the prevalence of CVD risk factors necessitates the development of
other strategies to predict and prevent the development of CVD.
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Therefore, the aim of our study was to use the 10 year SCORE risk to
estimate the potential 10-year cost-effectiveness of a (theoretical) test
compared with a treat-none strategy, treat-all strategy, and a strategy
based on European guidelines. In addition, we examined the conditions
(accuracy estimates and costs) under which the use of a novel test (e.g.
biomarker) would be cost-effective.

2. Methods

The cost-effectiveness of a test was estimated for eight age- and gender-specific
cohorts of individuals with an intermediate risk (3-15%) of developing a first-time CVD
event in the next 10 years [7]. The SCORE risk equation was used to identify individuals
with an intermediate risk based on age, gender, systolic blood pressure, total choles-
terol and smoking status. SCORE risk estimates were multiplied by a factor of three
to obtain the risks of non-fatal and fatal events, as proposed by the European Society
of Cardiology (ESC) guidelines[7]. We subsequently modelled the prognosis of eight
cohorts, defined by the SCORE, of men and women with an age of 50, 55, 60, and
65 years.

2.1. Strategies

We compared the costs and effectiveness of four strategies: 1) “treat-all” strategy,
where all individuals receive statin treatment; 2) a “treat-none” strategy, where none of
the individuals receive statin treatment, 3) a “guidelines” strategy, where individuals
receive statin treatment according to the ESC guidelines on CVD prevention[7] (which rec-
ommend that statins should only be given to those with total cholesterol level >5 mmol/L
and/or low-density lipoprotein cholesterol level >3 mmol/L) and 4) a “test-first” strategy,
where statin treatment is recommended for individuals having a positive test result. A
positive test result suggests that a first-time CVD event in the next 10 years will occur if
statin treatment is not provided.

2.2. Model structure

For each strategy, the prognosis of a cohort of individuals for the next 10 years was
modelled in a Markov model (Microsoft Excel™ 2010) with eight health states (Fig. 1).
A time horizon of 10 years was chosen since the SCORE only provides an accurate estimate
of 10-year risks. All individuals started in the “intermediate risk” state and annual transi-
tion probabilities determined the likelihood of moving to other health states (Table 1). In-
dividuals experiencing a non-fatal CVD event (myocardial infarction (MI), stroke or
revascularization) or a statin-induced non-fatal adverse event (myopathy) moved to the
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post-event states afterwards the event. Individuals experiencing cardiovascular or non-
cardiovascular fatal events moved to the absorbing health states “cardiovascular death”
and “non-cardiovascular death”, respectively. In all strategies, individuals experiencing a
cardiovascular event received statin treatment afterwards. Statin treatment was
discontinued permanently if individuals developed myopathy and its discontinuation
also meant loss of the protective effects of the statins.

2.3. Input parameters

Aliterature search using PubMed was performed to obtain input values. Table 1 shows
the input parameters for the subgroup of men aged 65 years, illustrative for the eight
cohorts that were modelled.

2.3.1. Risks

The risk of developing (non-) fatal CVD events (M, stroke, angina-induced revascular-
ization and cardiovascular death) was obtained from the SCORE chart by taking the average
of all possible combinations with an intermediate risk in each gender- and age-specific
cohort. Based on the randomized controlled trials (RCTs) included in the meta-analysis of
Brugts et al. [3] we divided the individuals treated according to the guidelines into two
groups: 1) individuals with elevated cholesterol levels, indicated for statin treatment and
2) individuals with normal cholesterol levels. We assumed that individuals with normal
cholesterol levels had the lowest possible intermediate risk of CVD in their respective
gender- and age-specific cohort (Appendix A). In our analyses, individuals with elevated
cholesterol levels were assigned inherently higher risk than the average intermediate
risk in the same gender- and age-specific cohort to ensure that the average risk
remained unchanged when the two groups were combined. A meta-analysis [3], UK
audit data [10], the FRS [5] and three RCTs [11-13] were used to estimate age- and
gender-specific relative proportions of the CVD events. The annual probabilities of devel-
oping myopathy and (non-) fatal rhabdomyolysis caused by statins were based on Law
et al. [14]. Mortality was based on national and international mortality statistics[10,
15-20].

The sensitivity and specificity of the hypothetical test were both assumed to be 100%
in the base-case scenario and the impact of their values was explored through sensitivity
analyses. Therefore, in the base-case scenario it is assumed that the test will discriminate
absolutely and perfectly all individuals who will experience a cardiovascular event over
the specified time period and those who will not.

2.3.2. Cost, treatment effectiveness and quality of life

The impact of changes in 10-year risks of CVD events was translated into costs and
quality-adjusted life-years (QALY). Costs (2012 €) and QALYs were estimated from a
health care sector perspective and discounted at 4% and 1.5%, respectively, in accordance
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Fig. 1. Model structure®, *Cardiovascular death and non-cardiovascular death are presented as one state in this Figure. Rectangles are (non) cardiovascular events and ovals are disease

states. MI, myocardial infarction.
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