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ABSTRACT 

Background: In the Netherlands, antihypertensive treatment for patients with mild 

hypertension is recommended if the 10-year cardiovascular disease (CVD) risk exceeds 

20%. Recent evidence suggests that lifelong CVD risk estimates might be more informative 

than 10-year ones. In addition, the cost of antihypertensive treatment in the Netherlands 

has declined over the last decade. The aim of this study is to estimate the cost-

effectiveness of lowering systolic blood pressure (SBP) in patients ineligible for treatment, 

both in a 10-year and in a lifetime horizon.  

Methods: A Markov model was developed to assess the cost-effectiveness of SBP 

reduction compared to no reduction in patients with mild hypertension and low CVD risk. 

Modified SCORE risk estimates were used to predict fatal and non-fatal CVD events. We 

analyzed scenarios for different age groups, genders and SBP reductions. Specifically, SBP 

reductions due to hydrochlorothiazide (HCT) 25mg and hypothetical reductions with 

HCT/Losartan combination were assumed. Parameter uncertainty was assessed through a 

probabilistic sensitivity analysis. 

Results: In a 10-year horizon, in scenarios of SBP reduction with HCT 25mg, the 

incremental cost-effectiveness ratio (ICER) estimates for men varied across different ages 

in the range of €6,032 to €58,217 per life year gained (LYG), while for women ICER 

estimates were in the range of €12,345 to €361,064 per LYG. In a lifetime horizon, the 

cost-effectiveness estimates were favorable for both genders. In scenarios of hypothetical 

SBP reductions, more favorable ICER estimates compared to no reduction were found. A 

large uncertainty around the cost-effectiveness estimates was observed among all 

scenarios. 

Conclusions: Larger SBP reductions were found to be cost-effective in both a 10-year and 

lifetime horizon. These findings might call for more aggressive SBP reductions in patients 

with mild hypertension. Yet, a high level of uncertainty surrounds these cost-effectiveness 

estimates since they are based on CVD risk prediction modelling. 
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INTRODUCTION 

Cardiovascular disease (CVD) is the largest cause of morbidity and a major cause of 

premature death and reduced quality of life in Europe. At the same time, CVD is the most 

significant contributor to health care expenditures; treatment costs of CVD in EU comprise 

12% of all health-care costs (€ 105 billion)(1), while in the Netherlands they reach 8% of 

the total health-care budget (€ 5.5 billion)(2). Due to the fact that people with moderate 

or high hypertension (>160mmHg), previous CVD events or diabetes mellitus (DM) are 

generally considered to be at higher risk for CVD, preventive treatment in these groups is 

rather straightforward and common (3,4). The question arises when considering 

preventive treatment in patients with mild hypertension (140-160 mmHg), no prior CVD 

events or DM, and overall low CVD risk (4), given the economic implications and ethical 

considerations of such a decision. Currently, national guidelines recommend lifestyle 

changes as a first step in lowering blood pressure in this patient population (5). Failure of 

this intervention should be followed initially with diuretic treatment (e.g. 

hydrochlorothiazide (HCT)) and if necessary combinations of diuretic and Angiotensin 

converting enzyme inhibitor (ACEi) or Angiotensin receptor blocker (ARB) (5). In parallel, 

the cost of these antihypertensive agents has declined considerably the last years in the 

Netherlands, primarily due to generic introduction (6), causing a reduction on the cost of 

treating patients with hypertension. Guideline recommendations on preventive treatment 

of CVD in people with neither prior events nor DM necessitate the estimation of a patient-

specific risk for fatal or non-fatal CVD (3-5,7-9). Several studies have focused on identifying 

and correcting for risk modifiers (e.g. reducing systolic blood pressure (SBP) or cholesterol 

level) that can be beneficial for cardiovascular risk reduction (10-15). Considering the 

overall prevalence of hypertension and the fact that elevated SBP is a major 

cardiovascular risk factor, considerable health and economic benefits are expected from 

its control (16-19). 

The effective control of SBP through antihypertensive medication has been established 

through numerous clinical trials (20). However, the effectiveness of these drugs often 

varies across trials. Under these circumstances, the proper consideration of the exact long 

term health and economic consequences of SBP reduction in patients with mild 

hypertension and no prior CVD events requires evidence-synthesized estimates of SBP 

reduction (e.g. through meta-analysis and mixed-treatment comparisons)(21,22). Such 

estimates are currently available only for older antihypertensive agents, such as diuretics 

(20) but not for newer antihypertensive agents such as ACEis and ARBs. 

The aim of this study is to estimate the health effects and economic consequences of SBP 

reduction through antihypertensive treatment in patients with mild hypertension but with 

no history of CVD or diabetes. SBP reduction was used as a surrogate endpoint that was 

expected to, consequently, result in a CVD risk reduction. As we are primarily interested in 
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the impact of such an intervention in the Dutch setting, we utilized a CVD risk calculation 

model recently validated for this population; i.e. the low-risk version of SCORE (23,24). 

Furthermore, we applied cost estimates for cardiovascular complications as well as drug 

costs reflecting the Dutch situation. We investigated the cost-effectiveness (CE) of 

different scenarios of SBP reductions achieved by antihypertensive treatment in different 

age groups of men and women, in comparison to no treatment, both in a 10-year and in a 

lifetime horizon.  

METHODS 

Model structure 

A Markov model was developed to compare the long-term costs and health benefits of 

primary CVD prevention through SBP reduction. The model included five health states: 

baseline (healthy with mild hypertension but no CVD history), acute non-fatal CVD, stable 

non-fatal CVD, fatal CVD and non-CVD related death (Figure 1). Patients remained in the 

baseline state until a fatal or non-fatal CVD event occurred or they died due to other, non-

CVD related, causes. From the acute CVD state at the end of one cycle, patients could 

move to a stable non-fatal CVD state, experience a subsequent, fatal or non-fatal, CVD 

event or die from other causes. From the stable CVD state, patients could experience a 

subsequent fatal or non-fatal CVD event or die from other causes. The model allows for 

multiple recurrent non-fatal CVD events to occur with a restriction to one event per cycle. 

Transition probabilities between health states were modelled through reparametrizing the 

10-year risks of CVD mortality and morbidity and non-CVD related mortality into 

respective one-year probabilities as given in the Appendix. 

The simulations were run using two time horizons: 10-year and lifetime, both applying 

cycles of one year in the Markov model. All patients were assumed to be dead by the age 

of 100 years. The model was developed using the statistical software R (version 3.0.2)(25). 

 

 
Figure 1 Markov model on the progression of CVD in patients with mild hypertension. 
CVD, cardiovascular disease 
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Scenario analysis 

The Markov model was applied in a set of different scenarios separately for men and 

women, where the population analyzed varied with respect to its age (age groups: 40, 50, 

60, 65), baseline SBP (hypertensive groups of SBP at 140 mmHg, 150 mmHg, 160 mmHg) 

and level of SBP reduction achieved by the treatment. For the base-case analysis, 

antihypertensive treatment with HCT 25 mg was assumed. According to a recent meta-

analysis, SBP reduction achieved through HCT 25 mg, in a similar population, was 

estimated on average to be 11.3 mmHg (20). In the absence of evidence-synthesized 

estimates on SBP reduction achieved by combinations of HCT and ACEis or ARBs, 

hypothetical scenarios of SBP reductions (20 and 30 mmHg) achieved with a fixed-dose 

combination of HCT 12.5 mg/Losartan 50 mg were assumed. All comparisons were made 

against a no treatment alternative. Additionally, a scenario analysis focusing on male and 

female smokers, examined the cost-effectiveness of a 10-year treatment with HCT 25mg 

against no treatment in this patient population.  

It was assumed that antihypertensive medication was the sole cause of SBP reduction. 

Additionally, SBP reduction was assumed to be instant and remain constant throughout 

the time horizon. Also, every patient with elevated SBP was immediately diagnosed and 

treated (in the treatment scenario) or left untreated (in the no treatment scenario). 

Finally, the base-case scenario was adjusted to incorporate patients’ adherence to HCT. 

Adherence was defined as the percentage of prescribed   dosage taken over a one year 

period, and was assumed to be 78.6% (26). Assuming that poorly adherent patients would 

have lower benefits from the treatment with HCT, the level of adherence was modelled 

through a reduction in the antihypertensive effect of HCT (i.e. 11.3 × 0.786 = 8.8818) and 

drug treatment related costs (i.e. drug costs and pharmacy fee)(27)(28,29). All the patients 

in the treatment alternative were assumed to be fully persistent with the treatment. 

Transition probabilities: CVD mortality risks 

In order to calculate the probability of a fatal CVD event, the updated SCORE model for 

low-risk regions was utilized (23) (personal communication: Fitzgerald T, Department of 

Epidemiology & Public Health/Statistics, University College Cork). The low-risk SCORE 

model has been shown to produce better prediction estimates for the Dutch population in 

comparison to both the high-risk SCORE and the so-called SCORE-NL models (3,24). The 

SCORE model only gives the 10-year cumulative probability of a fatal CVD event. However, 

due to the use of 1-year-cycles in our model, annual transition probabilities were needed. 

Annual transition probabilities were obtained for every time point and for each of the 

scenarios by estimating the age- and SBP- specific CVD event probability conditional on 

the patient’s survival up to this time point (30). In other words, one’s probability to have 

an event in a certain year is dependent on whether the patient has survived until that year 

without having any events. A detailed description of the process and assumptions on 
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transforming the SCORE cumulative probabilities to annual probabilities is provided in the 

Appendix. 

The explanatory covariates used in the estimation of fatal CVD risk through the SCORE 

model are age, gender, level of SBP, level of cholesterol and prevalence of smoking. 

Therefore, age-specific prevalence of smoking and cholesterol levels that were 

representative of the Dutch population were used (Table 1)(31,32). These baseline patient 

characteristics were updated through the time horizon observed in order to account for 

the time dependent change in the risk of CVD events. Finally, it was assumed that patients 

with a non-fatal CVD event were at least as likely to experience a subsequent event as 

patients with no CVD history.  

Transition probabilities: CVD morbidity risks 

Given that the SCORE model only estimates the probability of a fatal CVD event, a 

functional form linking the annual risk of mortality to the annual risk of morbidity and 

mortality was estimated using the risk estimates presented by the Dutch College of 

General Practitioners (NHG)(9).  

)0003055.0()0202491.0()2767607.0(

001.0867.1083.7
2

++−= xxy , 

where y represents the annual overall risk of morbidity and mortality and x the annual 

mortality risk. In order to obtain annual probabilities for non-fatal CVD events, the annual 

probability of a fatal CVD event was subtracted from the respective estimated overall CVD 

probability. 

Transition probabilities: non-CVD mortality 

The transition probabilities representing the annual risk of death from non-CVD causes 

were estimated using 2010 Dutch population data (33-35). In particular, the non-CVD 

related probabilities of death were estimated by subtracting the number of CVD deaths 

from the total number of deaths in 5-year age groups and dividing them by the total 

number of people in the same age groups. Since 5-year interval probabilities were 

calculated, it was further assumed that these probabilities are representative for a person 

of average age within each group. However, in the Markov model one-year cycles were 

applied, hence estimates of age-dependent annual probabilities were necessary. 

Therefore, the estimates of non-CVD related annual probabilities of death from the age of 

40 until 100 were extrapolated and interpolated using non-linear regression modelling 

(36). 

Finally, in order to account for the increased risk of death in patients experiencing non-

fatal CVD events, a two-fold increase in both CVD and non-CVD mortality was applied 

(27,37-39). 
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Table 1 Age-stratified baseline patient characteristics in Dutch population. 

Ag
e 

SBP (mmHg)a32 Cholesterol 
(mmol/l)32 

Smoking31 (%) SBP (mmHg) a32 Cholesterol 
(mmol/l)32 

Smoking31 (%) 

 Men Women 

40 126.10 5.41 36.3 115.10 5.05 27.4 

50 131.67 5.57 33.9 123.16 5.52 28.8 

60 138.87 5.55 29.3 131.13 5.77 24.3 

65 141.66 5.50 24.1 134.99 5.79 19.3 

70 144.44 5.45 18.9 138.86 5.81 14.3 

80 147.04 5.35 16.1 143.37 5.76 11.1 

90 148.26 5.26 16.1 145.69 5.71 11.1 

10
0 

148.26 5.26 16.1 145.69 5.71 11.1 

aAge-stratified patient levels of SBP are used only for the purpose of model validation. 
SBP, systolic blood pressure. 

Costs 

The definition of CVD in the SCORE risk model comprises a variety of CVD outcomes. That 

wide range of outcomes within the CVD definition complicates assigning accurate cost 

estimates to the overall CVD. To overcome this, the cost of CVD was assumed to be a 

composite of the costs related to acute myocardial infarction (AMI), unstable angina, 

heart failure (HF) and stroke, as these are cumulatively responsible for the majority of CVD 

events. Therefore, Dutch estimates of incidence for each of the outcomes were used to 

weight the overall CVD cost estimate (40,41). Unit cost estimates from previous costing 

studies conducted in The Netherlands were updated to the year 2013 using the Dutch 

inflation index (Table 2)(27,42-45). A distinction was made between the acute costs of the 

first year after the event and the cumulative cost of health resources used in subsequent 

years. Finally, an additional cost for a fatal CVD event was assumed (27). 

The drug prices applied referred to the cheapest generic alternatives available on the 

market and were defined as price per guideline-proposed dosing regimen (Table 2)(46). In 

the first year of treatment, patients were assumed to visit the general practitioner (GP) 

twice, and to subsequently refill their prescription by phone, every three months. In order 

to establish and monitor the appropriateness of the antihypertensive treatment dosage 

applied, four laboratory tests estimating the glomerular filtration rate and level of 

potassium in the blood were added to the first year treatment costs (47)(5). In the 

subsequent years, the monitoring of treatment dosage was assumed to consist of one GP 

visit and laboratory test per year. It was assumed that the patient will visit a Dutch 

pharmacy for every refill, hence a pharmacist fee would apply (48). The patients were 

assumed to take the same antihypertensive drug according to the proposed dosing 

regimen throughout the year until they experienced an event. 

Cost-effectiveness 

The costs of antihypertensive treatment and cardiovascular events were aggregated 

separately for each scenario. Costs of treatment alternative included overall drug 
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treatment costs, as well as costs related to non-fatal and fatal CVD events. Costs of a no 

treatment alternative consisted only of costs related to CVD events.  

As a measure of effectiveness, the life-years gained (LYG) that were obtained by the SBP 

lowering strategy were utilized. Initially, the life years lost (LYL) for every SBP, age and 

gender scenario due to the CVD mortality were estimated. The LYG were defined as the 

difference in LYL between the no treatment alternative, where patients were assumed to 

remain with a certain baseline SBP level, and the treatment alternative, where patients 

were assumed to achieve a reduction of SBP. 

The CE of SBP lowering was expressed through the incremental cost-effectiveness ratio 

(ICER). The ICER thus reflects the additional cost, which, by choosing a treatment 

alternative, is imposed over the no treatment alternative in order to gain one year of life. 

Future costs and benefits were discounted by 4% and 1.5% annually according to the 

Dutch guidelines for pharmacoeconomic research (49). The CE analysis was performed 

from a healthcare perspective and only direct pharmacy and medical costs associated with 

CVD events were considered.  

Validation 

We validated the performance of our Markov model by comparing the model’s estimate 

of life expectancy (LE) for an average Dutch patient of age 40, 50, 60 and 65, to the 

respective life tables from the Dutch Bureau of Statistics (Table 3)(50). A general 

agreement between the observed and modeled LE was observed, although the model 

slightly overestimated the LE for both genders. These differences can be attributed to a 

number of factors such as the uncertainty on average SBP, cholesterol and smoking levels, 

the inability of SCORE to predict life-long estimates and the differences between the 

SCORE and the current Dutch population.  

Probabilistic sensitivity analysis 

Simultaneously incorporating the uncertainty around all parameters in the CE analysis was 

done through a probabilistic sensitivity analysis (PSA) with 10,000 iterations for each 

estimation. Key input parameters in the deterministic analysis that were assumed to be 

random variables were: the antihypertensive effect of HCT on SBP, the level of population 

adherence to HCT treatment, the covariate estimates of the SCORE model, the incidence 

rates and cost estimates of CVD, the costs of pharmacy, GP fees and laboratory tests, and 

the probability of non-CVD death. When cost estimates were available only as single point 

estimates, they were assumed to follow a log-normal distribution with a coefficient of 

variation equal to 0.25. In order to capture the uncertainty around the parameters of the 

SCORE model the Cholesky decomposition on the variance-covariance matrix of the SCORE 

regression model was used (personal communication: Fitzgerald T, Department of 

Epidemiology & Public Health/Statistics, University College Cork). Through this technique, 

correlated random draws can be generated from the parameters’ multivariate normal 
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distribution (30,51). A beta distribution was assigned to the CVD specific incidence rates, a 

log-normal distribution to the cost estimates and a normal distribution to the rest of 

varied parameters (Table 2). 

Results from the PSA are presented through cost-effectiveness acceptability curves (CEAC) 

and 95% confidence interval (CI) estimates around the incremental effects and the 

incremental costs. The CEAC assesses the probability that the estimated ICER is under a 

certain willingness to pay (WTP) threshold. Finally, in order to approximate the 

contribution of the individual parameters to the overall uncertainty of the model the 

Analysis of Covariance (ANCOVA) method was used. This method links the proportion of 

the variance in the PSA-simulated incremental effects and incremental costs to the 

variation of the model input parameters.(30) When the impact of each parameter on 

overall model variation was examined, the impact of the antihypertensive effect of HCT 

and the level of adherence with HCT was separately assessed, while all SCORE parameters, 

CVD related costs, incidence rates of separate CVD events, costs of pharmacy fees, GP 

related fees and laboratory tests, and the probability of death due to non-CVD causes 

were assessed jointly. 

Table 2 Key parameters and corresponding distributions for deterministic and probabilistic analyses.  

Parameter Men Women Distribution 

 First year Subsequent 
years 

First year Subsequent 
years 

 

Cardiovascular complication (2013, €) 

Stroke(44) 37,488  
(10.50, 0.25) 

7,448 (8.89, 
0.25) 

37,488 (10.50, 
0.25) 

11,405(9.31, 
0.25) 

Log-normal 
(μ,σ) 

Myocardial infarction(27) 19,126 
(9.86, 0.01) 

1,162 (7.06, 
0.03) 

19,126 (9.86, 
0.01) 

1,162 (7.06, 
0.03) 

Log-normal 
(μ,σ) 

Heart failure42 5,625 (8.60, 
0.25) 

N/A 5,625(8.60, 
0.25) 

N/A Log-normal 
(μ,σ) 

Unstable angina43 5,358 (8.56, 
0.25) 

N/A 5,358(8.56, 
0.25) 

N/A Log-normal 
(μ,σ) 

Estimated CVDa 19,252 2,533 17,128 2,772  

Death27 2,976 (8.00, 0.02) 2,976 (8.00, 0.02) Log-normal 

(μ,σ) 

Incidence (per 100,000 person-years)   

Stoke41 182 (12,324 , 6,727,241) 116 (7,818 , 6,731,747) Beta (p,q) 

Myocardial infarction40 212.2 (481 ,226,219) 212.2 (481 ,226,219) Beta (p,q) 

Heart failure40 66.4 (154 , 231,846) 66.4 (154 , 231,846) Beta (p,q) 

Unstable angina 171.8 (390 , 226,610) 171.8 (390 , 226,610) Beta (p,q) 

Meta-analyzed estimate of 
SBP reduction due to HCT 
25 mg20  

11.3 mmHg (11.3 , 0.86) Normal 
(μ,σ) 

Adherence to HCT(26) 78.6% (78.6 , 0.38) Normal 
(μ,σ) 
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Parameter Men Women Distribution 

 First year Subsequent 

years 

First year Subsequent 

years 

 

Annual drug costs (2013, €)  

HCT 25 mg46  7.3 Fixed 

Fixed-dose combination 

HCT 12.5mg/Losartan 
50mg46 

10.95 Fixed 

General practitioner visit48 31 (3.39, 0.25) Log-normal 

(μ,σ) 

Laboratory test47 2 (0.55, 0.25) Log-normal 

(μ,σ) 

Telephone contact/refill48 15 (2.69, 0.25) Log-normal 

(μ,σ) 

Pharmacy prescription 

fee48  

6 (1.84, 0.25) Log-normal 

(μ,σ) 

Additional pharmacy fee 

for the first drug issuing48 

4 (1.24, 0.25) Log-normal 

(μ,σ) 

Discount rate (costs)49  4% Fixed 

Healthy life expectancy 50 Life-table Fixed 

Probability of non-CVD 
death33-35 

Derived from cited sources Normal 
(μ,σ) 

Discount rate (health)49  1.5% Fixed 

a Based on the assumption that the cost of CVD will be a composite of the costs related to stroke, MI, HF and 

unstable angina whose contribution to the estimated CVD costs is calculated according to their annual incidence 
in The Netherlands.  

CVD, cardiovascular diseases; HCT, hydrochlorothiazide; N/A, not available; SBP, systolic blood pressure. 

 

Table 3 Predicted life expectancy for an average Dutch patient of different age groups. 

Gender Age Dutch Bureau of Statistics50   (LE) Model prediction (LE) 

Man 40 40.31 40.60 

 50 30.85 31.20 

 60 22.03 22.52 

 65 17.95 18.58 

Woman 40 43.98 44.97 

 50 34.45 35.43 

 60 25.47 26.42 

 65 21.19 22.19 

LE, life expectancy. 

RESULTS 

Base-case scenario 

A 60 year-old man with baseline SBP equal to 160 mmHg was estimated to be in a 10-year 

risk of 5.2% for a fatal and 5.1% for a non-fatal CVD event. The corresponding 10-year risk 

of a fatal and a non-fatal CVD event after treatment with HCT dropped to 4.4% and 4.6% 

respectively, resulting in 0.0847 LYG. For a 60 year-old woman with the same SBP level, a 
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10-year risk of 2.1% for a fatal and 2.9% for a non-fatal CVD event was estimated. After 

HCT treatment the estimated 10-year fatal and non-fatal CVD risks were 1.8% and 2.6% 

respectively. Treatment with HCT was estimated to result in 0.0413 LYG in a 10-year time 

horizon.  

In a lifetime horizon, the fatal CVD risk for a 60 year-old man with baseline SBP equal to 

160 mmHg was estimated at 22.9% and the non-fatal CVD risk at 17.1%. The 

corresponding fatal risk after HCT treatment was estimated at 20%, while the non-fatal 

CVD risk was estimated at 15.7%. This resulted to an estimated 0.2874 LYG. A woman with 

similar characteristics was estimated to have a lifelong fatal CVD risk of 20.2% while the 

non-fatal CVD risk was estimated at 15.9%. After HCT treatment these estimated risks 

dropped to 17.7% and 14.6% respectively. This reduction resulted to an estimated 0.3197 

LYG. 

Figure 2 presents the distribution of costs for a 10-year and a lifetime horizon for a 60-

year-old man and a 60-year-old woman with baseline SBP of 160 mmHg. The total costs 

for a man with the aforementioned characteristics who was assumed not to receive 

antihypertensive treatment, were €2,014 in a 10-year and €5,608 in a lifetime horizon. 

When assuming that this person is treated with HCT 25mg, the total costs in a 10-year and 

a lifetime horizon raised to €2,604 and €6,496, respectively. For a woman with similar 

characteristics, assumed not to be receiving treatment, the costs in a 10-year and a 

lifetime horizon were €1,210 and €5,443, respectively. Applying antihypertensive 

treatment with HCT 25 mg in a woman with these characteristics resulted in 10-year and 

lifetime costs of €1,938 and €6,553, respectively. It can be observed that the pharmacy fee 

and the cost of GP visit bear most of the antihypertensive treatment related costs, while 

non-fatal CVD events are responsible for the vast majority of medical costs. 

The estimated ICERs after 10-year treatment with HCT in men  were in a range from 

€6,032/LYG (65-year old men with a baseline SBP of 160 mmHg) to €58,217/LYG (40-year 

old men with a baseline SBP of 140 mmHg); the estimated ICERs for women were in a 

range from €12,345/LYG (65-year old women with a baseline SBP of 160 mmHg) to 

€361,064/LYG (40-year old women with a baseline SBP of 140 mmHg). In a lifetime 

horizon the estimated ICERs for men were in a range from € 3,076/LYG (65-year old men 

with a baseline SBP of 160 mmHg) to €4,221/LYG (65-year old men with a baseline SBP of 

140 mmHg); while for women were in a range from €3,074/LYG (40-year old women with 

a baseline SBP of 160 mmHg) to €4,645/LYG (65-year old women with a baseline SBP of 

140 mmHg). 

The estimated, per patient, 10-year and lifetime costs and LYL for the treatment scenario 

which assumed treatment with a fixed-dose combination of HCT 12.5mg/Losartan 50mg 

as well as for the no treatment alternative, for different gender, age and SBP reduction 

levels, can be found in the Appendix (Table A.I and A.II). 
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The ICERs for all the SBP reduction scenarios in a 10-year and a lifetime horizon, compared 

to no reduction are presented in Figure 3. In general, the ICERs indicate that SBP reduction 

would be more cost-effective and even cost-saving in older men and for greater SBP 

reductions. In a 10-year horizon the estimated ICERs were significantly more favorable in 

men, while this difference between genders in a lifetime horizon was less pronounced. 

Treatment vs. no treatment in male and female smokers scenario 

Table 4 presents the estimated 10-year fatal and non-fatal CVD risks in a 60 year-old man 

and woman with baseline SBP equal to 160 mmHg and the corresponding risk levels after 

treatment with HCT 25mg. Applying HCT in male smokers in a 10-year time horizon was 

associated with ICERs in a range from €2,727/LYG (65-year old men with a baseline SBP of 

160 mmHg) to €37,964/LYG (40-year old men with a baseline SBP of 140 mmHg); the 

estimated ICERs for women were in a range from €6,161/LYG (65-year old women with a 

baseline SBP of 160 mmHg) to €229,456/LYG (40-year old women with a baseline SBP of 

140 mmHg). 

Table 4 Estimated 10-year fatal and non-fatal CVD risks in a 60 year-old man and woman with 

baseline SBP equal to 160 mmHg and the corresponding risk levels after treatment with HCT 25mg. 

 Risk (%) with no treatment at a baseline 
SBP=160mmHg 

Risk (%) after treatment with HCT 25mg  

 Man 

Fatal CVD 8.3 7.1 

Non-fatal CVD 7.3 6.5 

 Woman 

Fatal CVD 3.6 3.1 

Non-fatal CVD 4.0 3.6 
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Figure 2 Allocation of overall medical costs in a treatment and no treatment alternative. 
A: Allocation of the total cost in the treatment (left) and no-treatment (right) alternative in the scenario of a 60-

year-old man in a 10-year time horizon with baseline SBP of 160 mmHg receiving HCT 25 mg  as an 
antihypertensive treatment. 

B: Allocation of the total cost in the treatment (left) and no-treatment (right) alternative in the scenario of a 60-
year-old woman in a 10-year time horizon with baseline SBP of 160 mmHg receiving HCT 25 mg  as an 
antihypertensive treatment. 

C: Allocation of the total cost in the treatment (left) and no-treatment (right) alternative in the scenario of a 60-
year-old man in a lifetime horizon with baseline SBP of 160 mmHg receiving HCT 25 mg  as an antihypertensive 
treatment. 

D: Allocation of the total cost in the treatment (left) and no-treatment (right) alternative in the scenario of a 60-
year-old woman in a lifetime horizon with baseline SBP of 160 mmHg receiving HCT 25 mg  as an 

antihypertensive treatment. 
SBP, systolic blood pressure; HCT, hydrochlorothiazide; CVD, cardiovascular disease; GP, general practitioner 

Probabilistic sensitivity analysis (PSA) 

Application of multivariate PSA to the base-case scenario revealed a wide uncertainty 

range around the incremental costs and incremental effects (Figure 4). This uncertainty 

was found to be greater in scenarios with higher baseline SBP levels. In Figure 5, the 

probabilities that the estimated ICERs would be below various WTP thresholds are 



Chapter 3 

 

58 

presented for a 60-year-old man and a 60-year-old woman with  baseline SBP levels of 

160, 150 and 140 mmHg assuming to be treated with HCT 25 mg, in a 10-year and a 

lifetime horizon. In a 10-year time horizon, in men, the probabilities that the SBP 

reduction from baseline SBP of 160, 150 and 140 mmHg due to HCT 25mg would be below 

the WTP of €20,000/LYG were 0.8012, 0.7469 and 0.6818, respectively (Figure 4 A). In a 

lifetime horizon the corresponding probabilities were 0.9618, 0.9510 and 0.9324 (Figure 4 

C). In a 10-year time horizon, in women, the corresponding probabilities were 0.5786, 

0.4855 and 0.3972 (Figure 4 B), while in a lifetime horizon these probabilities were 0.9865, 

0.9821 and 0.9719 (Figure 4 D). 

The results of ANCOVA, applied for a 60 year-old man whose SBP was lowered due to 

treatment with HCT 25mg from a baseline SBP of 160 mmHg in a 10-year time horizon, 

clearly indicate that the parameters of the SCORE model have the most significant 

contribution to the uncertainty around the incremental effects and incremental cost 

estimates, being responsible for 75.7% and 46% of the variance of the respective PSA 

simulations respectively (Figure 6). 

DISCUSSION 

In the present analysis, both the long-term health benefits and the economic 

consequences of SBP reduction in a Dutch population with mild hypertension were 

estimated. In the base-case scenario, where SBP reduction was assumed to be achieved 

through antihypertensive treatment with HCT, significant health and economic benefits 

were observed in all scenarios for both genders in a lifetime horizon. However, ICER 

estimates for HCT treatment compared to no treatment in a 10-year horizon found SBP 

reductions to be more favorable when targeted to older patients and yet more in men 

than in women. In the hypothetical SBP reduction scenarios achieved through fixed-dose 

combination HCT 12.5mg/Losartan 50mg, the long-term health and economic benefits 

estimated were greater than in the base-case scenario for both a 10-year and a lifetime 

horizon. Thus, the CE estimates across all scenarios were highly influenced by the model’s 

time horizon. 

In the scenario comparing a 10-year treatment with HCT 25mg vs. no treatment in male 

and female smokers, the estimated ICERs were more favorable than the ICERs estimated 

in the base-case scenario in patients with comparable age-, gender- characteristics but 

with the prevalence of smoking representative for Dutch population.  

The aforementioned results reflect the higher levels of CVD risk estimated for male and 

female smokers (Table 4) compared to patients with similar characteristics but with 

average smoking prevalence, as well as the greater benefits of risk reduction in smoking 

patient population. 
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The impact of the model parameters’ uncertainty on the ICER estimates was assessed 

through a PSA. The results of the PSA show that although the deterministic approach is 

likely to favor the CE of SBP reduction, the leap from the reduction of a risk factor to that 

of CVD risk is surrounded by a significant amount of prediction uncertainty.  

Our findings, in terms of both health and economic benefits of SBP reduction are similar to 

the results of other studies investigating the CE of SBP reduction in low CVD risk patients, 

both in a 10-year and in a lifetime horizon (52-57). 

 
Figure 3 Discounted ICER estimates for different scenarios of SBP reductions. 
A: Discounted ICER estimates for different scenarios of SBP reductions in a 10-year time horizon in men aged 40, 
50, 60 and 65, compared to no treatment. 

B: Discounted ICER estimates for different scenarios of SBP reductions in a 10-year time horizon in women aged 
40, 50, 60 and 65, compared to no treatment. 
C: Discounted ICER estimates for different scenarios of SBP reductions in a lifetime horizon in men aged 40, 50, 

60 and 65, compared to no treatment. 
D: Discounted ICER estimates for different scenarios of SBP reductions in a lifetime horizon in women aged 40, 

50, 60 and 65, compared to no treatment. 
ICER, incremental cost-effectiveness ratio; SBP, systolic blood pressure; LYG, life year gained 
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10-year time horizon Lifetime horizon 

Figure 4 Uncertainty around the incremental costs and incremental effects.  
Bar plots show the incremental cost and the incremental effect estimates from the deterministic analysis. The 
lines above the bars represent the upper 95% confidence interval limit estimated through a probabilistic 

sensitivity analysis.  
A: Uncertainty around the incremental costs in 60-year-old men for different SBP baseline levels, assumed to be 

treated with hydrochlorothiazide 25 mg.  
B: Uncertainty around the incremental effects in 60-year-old men for different SBP baseline levels, assumed to 
be treated with hydrochlorothiazide 25 mg. 

C: Uncertainty around the incremental costs in 60-year-old women for different SBP baseline levels, assumed to 
be treated with hydrochlorothiazide 25 mg. 
D: Uncertainty around the incremental effects in 60-year-old women for different SBP baseline levels, assumed 

to be treated with hydrochlorothiazide 25 mg. 
SBP, systolic blood pressure 
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Figure 5 Cost-effectiveness acceptability curves. 
Cost-effectiveness acceptability curves show the probabilities that SBP reductions achieved with HCT 25 mg as 
antihypertensive treatment from baseline SBP levels of 160, 150 and 140 mmHg observed in a 10-year and in a 
lifetime horizon, in 60-year-old men A,C and 60-year-old women B,D, are cost-effective at different willingness to 

pay threshold values.  
A: Cost-effectiveness acceptability curves for the treatment with HCT 25 mg assumed in the treatment scenarios 

of 60-year-old men in a 10-year time horizon.  
B: Cost-effectiveness acceptability curves for the treatment with HCT 25 mg assumed in the treatment scenarios 
of 60-year-old women in a 10-year time horizon.  

C: Cost-effectiveness acceptability curves for the treatment with HCT 25 mg assumed in the treatment scenarios 
of 60-year-old men in a lifetime horizon.  

D: Cost-effectiveness acceptability curves for the treatment with HCT 25 mg assumed in the treatment scenarios 
of   60-year-old women in a lifetime horizon.  
SBP, systolic blood pressure; HCT, hydrochlorothiazide   
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Figure 6 ANCOVA analysis of proportion of sum squares for incremental effects and incremental 

costs. 
ANCOVA analysis of proportion of sum squares for incremental effects (left) and incremental costs (right) driven 
by the contribution of the individual model parameter uncertainty. 

ANCOVA, analysis of covariance; CVD, cardiovascular disease; GP, general practitioner; HCT, hydrochlorothiazide. 

 

However, some discrepancies were found in terms of the estimated ICERs. For example, 

through our analysis, it was found that as age increases, lowering of SBP becomes more 

cost-effective when looking in a 10-year time horizon; while the CE of SBP reduction does 

not vary considerably across ages when looking in a lifetime horizon. This is in contrast to 

two other simulation analysis, where middle-aged patients were identified as being those 

mostly benefiting from SBP reductions (52,56). Yet, comparability between studies is 

hampered due to differences regarding the choice of primary CE outcome (QALY)(52,54-

57), and specific assumptions in the model (e.g. differences in baseline patient 

characteristics, modelling of different CVD-related health states, level of SBP reduction 

and country specific cost estimates)(52-57).  

To our knowledge, similar CE studies on the impact of SBP reduction in patients with mild 

hypertension for various age, gender and specific baseline SBP levels and adapted to the 

Dutch situation, have not yet been conducted. From the abundance of different CVD risk 

prediction models (e.g. the Framingham, QRISK, ASSIGN etc.(58-63)), we decided to 

implement the SCORE model (23) given that it has recently been validated for the Dutch 

population.  

We chose to conduct our simulations both in a 10-year and a lifetime horizon. There is a 

variety of reasons for choosing a 10-year time horizon. Firstly, the SCORE model has only 

been validated for 10-year horizons (23). Secondly, if a lifetime horizon is to be applied, 

the CVD risk estimates in the elderly populations might deviate from the CVD risk 

estimated from SCORE as it is validated only for patients under 65 (64,65). Finally, for 

these reasons mentioned above, it can be anticipated that the application of a 10-year 
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horizon is more conservative than a lifetime. However, in order to make a comparison to 

similar studies and to see the influence of its choice on final outcomes, our simulations 

were also conducted in a lifetime horizon.  

In order to examine the uncertainty in the input parameters, multivariate PSA was 

applied. Interval estimates for the scenarios observed revealed a large uncertainty range 

around the expected values from the deterministic analysis regardless of the applied time 

horizon. When investigating the contribution of each of the included parameters to the 

overall uncertainty (ANCOVA), the coefficient estimates of the SCORE model were found 

to have the most impact. This simply suggests that even though a certain risk prediction 

model has been shown to be applicable for a certain population, building decisions upon 

the model should still be made cautiously and being aware of the inevitable uncertainty 

surrounding estimates of effectiveness and CE that are based on long-term projections 

(51). 

As every analysis, ours is also confronted with some limitations. The risk of having a non-

fatal CVD event was obtained through a functional form linking the annual risk of mortality 

to the annual risk of morbidity and mortality. This approach is based on the fact that the 

SCORE model only predicts a CVD mortality risk. Other recent risk prediction models (e.g. 

the Framingham, QRISK, ASSIGN etc.(58-63)) generally provide estimates of an overall CVD 

risk (i.e. CVD morbidity and mortality) with no insight in the fraction of fatal cases. Given 

the requirement of our model to distinguish between fatal and non-fatal CVD events as 

well as the fact that the SCORE model was the only currently validated model in the Dutch 

population, we incorporated it in our analysis for the prediction of CVD mortality together 

with the functional form linking the annual risk of mortality to the annual risk of morbidity 

and mortality. Furthermore, the probability of subsequent non-fatal CVD events was 

assumed to be equal to the probability of a first non-fatal CVD event. This is supported by 

the fact that the SCORE risk model is limited to prediction of first events only and that 

there are no available estimates of risk of subsequent events in the population that the 

SCORE was developed on. Moreover, the fact that the occurrence of a composite CVD 

event was modelled in our analysis hampers the estimation of a subsequent CVD event 

risk. A subsequent CVD event could occur in any CVD form (e.g. stroke, MI) and, therefore, 

the risk of its re-occurrence would be dependent on the specific primary CVD event form. 

Notably, we could expect more cost-effective outcomes if risks of subsequent non-fatal 

events following a first event were naturally assumed to be higher. Therefore, in order to 

alleviate the underestimation of the CVD risk, an increased mortality risk was assumed in 

patients experiencing non-fatal CVD events. Furthermore, the impact of the joint 

interaction of variables SBP and antihypertensive treatment on the risk prediction is not 

accounted for in the SCORE model. Such a limitation of the SCORE model prevents 

modelling the impact of SBP level on risk prediction with and without the use of 

antihypertensive treatment differently. Furthermore, lowering of SBP was assumed to be 
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exclusively achieved by specific antihypertensive treatment. In a real life setting, 

differences in persistence to treatment or the presence of other risk factors could 

obviously result in significant discrepancies between real life and the simulated results of 

our analysis. In the base-case scenario, the real life effectiveness of HCT 25mg and 

patients’ adherence to this treatment were incorporated. However, in the absence of 

synthesized evidence on the effectiveness of the HCT 12.5mg/Losartan combination, 

hypothetical SBP reductions of 20 and 30 mmHg were assumed. The latter assumption 

was made in order to incorporate the treatment costs in the overall cost estimate of SBP 

reduction and not to derive an estimate of CE for the combination treatment per se. 

Additionally, an instant, incremental SBP reduction was assumed. In reality, however, this 

is highly unlikely. Moreover, side effects resulting from antihypertensive treatment were 

not incorporated. Societal costs were also not included in the estimations of CE which 

makes our estimates more conservative. However, it could be expected that implementing 

a societal perspective is likely to lead to more favourable ICERs especially at younger 

populations that encounter greater loss of productivity and costs related to it. Finally, it 

should be noted that CVD risk reduction can also be accomplished through dietary 

measures or increased exercise, potentially leading to comparable (or perhaps even more 

favourable) ICERs (55,66). 

Recent evidence suggest that lifelong CVD risk estimates might be more informative than 

10-year ones.(67) However, treatment recommendations by the latest Dutch guidelines 

are based on the levels of patient’s 10-year risks. Specifically, patients can receive 

treatment if their 10-year risk for CVD is more than 20%, or if they have accompanying risk 

factors (5). The cumulative 10-year risk for our patient population was less than 20%, in all 

cases. Hence, if a decision on whether to apply antihypertensive treatment would have 

been made merely in accordance to the guidelines, none of our patients would have 

received treatment. Notably, guideline recommendations are made with respect to CE of 

treatment application. However, due to the recent changes in pharmaceutical policy in the 

Netherlands (e.g. preference policy (6)), the cost of antihypertensive treatment is now 

considerably lower. This might lead to the conclusion that the current recommendations 

limit treatment to a population with a relatively high 10-year risk, whereas favourable CE 

is also likely in groups with lower risks. Furthermore, younger patients, who are currently 

at a relatively low 10-year risk, are likely to experience an increase in risk later in life, due 

to their characteristics. Therefore, especially for this population, early preventive 

treatment is expected to provide significant increases in LE, as illustrated in our model 

when applying the lifetime horizon (67). 

Conclusion 

Even relatively small SBP reductions can lead to significant lifetime health and economic 

benefits. Given that, nowadays, low-cost generic drugs account for the smallest share in 
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the overall medical costs in primary CVD prevention, there are more opportunities for a 

wider and less strict application of CVD prevention strategies. 

SBP reductions in low-risk elderly men were found to be more cost-effective when 

compared to women, in a 10-year time horizon. When employing a lifetime horizon, the 

CE estimates indicated a comparable eligibility of both genders for treatment. However, 

our results clearly indicate that decision-making should highly consider the amount of 

uncertainty surrounding the estimated values of the analysis. 

Appendix  

Detailed description of the process and assumptions on transforming the SCORE 

cumulative risk to annual probabilities 

The SCORE model applies a Weibull proportional hazards model to provide a 10-year 

cumulative risk of CVD mortality. In our analysis we used the coefficients of an updated 

SCORE model for low-risk regions (personal communication: Fitzgerald T, Department of 

Epidemiology & Public Health/Statistics, University College Cork). 

The SCORE risk model included covariate adjustments for a number of risk factors. We 

used Dutch-specific values for these risk factors in order to produce predictions of 10-year 

CVD mortality risk that would correspond to the Dutch population and we consequently 

estimated annual probabilities of CVD mortality. 

Specifically, the underlying baseline 10-year probability of survival without CVD �� was 

estimated for different ages and SBP levels after being corrected for the risk factors total 

cholesterol and the prevalence of smoking using Dutch-specific values. 

 �� = exp(− exp(α
 ∗ (age − 20
���(�
�
, ω = exp(β��� ∗ (sbp − 140
/10 +  β !"#  ∗ (chol − 5
 +  β�)"*�+  ∗ smoker
 , 

where α, ρ, β��� , β !"#, β�)"*�+ are the coefficients of the updated SCORE model; sbp is 

the level of systolic blood pressure investigated (mmHg); chol is the level of total 

cholesterol (mmol/l); smoker stands for the prevalence of current smoking. 

Annual probabilities were obtained for every Markov cycle and for each of the scenarios 

by estimating the age- and SBP- specific CVD event probability conditional on the patient’s 

survival up to this time point. For example, survival in the first year ��/0 where t=1 from 

the start of the observation is conditional on the patient’s underlying baseline survival ��. 

Survival probability ��/0 at the time point t is: ��/0 = exp1− exp(α
 ∗ (age − 20 + t
���(�
�3, ω = exp(β��� ∗ (sbp − 140
/10 +  β !"#  ∗ (chol − 5
 +  β�)"*�+  ∗ smoker
, 

where t stands for the year for which the probability of CVD mortality needs to be 

estimated. t can take values from 1 to the end of time horizon observed.  
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Process of calculating the annual probability of CVD mortality  

Step 1 

In order to estimate the risk of having a fatal CVD event in the first year of the model 

cycle, calculate �� and ��/0, where t has a value 1. CVD7890:;<0= 9<>? =@:9 A = 1 − (��/A ��⁄ 
  

Step 2 

Calculating the yearly risks of having a fatal CVD event in the second and the following 

years continues in the following manner:  CVD7890:;<0= 9<>? =@:9 C = 1 − (��/C ��/A⁄ 
 CVD7890:;<0= 9<>? =@:9 D = 1 − (��/D ��/(D/A
⁄ 
  

 

Table A.I Estimated 10-year costs of treatmenta assumed with a fixed-dose combination HCT 

12.5mg/Losartan 50 mg and no treatmentb and life years lost (LYL) for different age groups and 

different SBP scenariosc per patient. 
 

Gender Age Baseline 
SBP 

(mmHg) 

10-year cost of   
no treatment  

(€) 

LYL SBP 
reduction 
(mmHg) 

10-year 
cost of 

treatment 

(€) 

LYL 

Men        

 40 160 888 0.14 20 1,706 0.10 

    30 1,674 0.08 

 150 842 0.12 20 1,674 0.08 

       

 50 160 1,364 0.36 20 2,004 0.25 

    30 1,910 0.21 

 150 1,229 0.30 20 1,910 0.21 

       

 60 160 2,014 0.58 20 2,409 0.40 

    30 2,233 0.34 

 150 1,766 0.48 20 2,233 0.34 

       

 65 160 2,261 0.59 20 2,550 0.42 

    30 2,342 0.35 

 150 1,972 0.50 20 2,342 0.35 

       

Women        

 40 160 704 0.02 20 1,595 0.02 

    30 1,590 0.01 

 150 697 0.02 20 1,590 0.01 

       

 50 160 823 0.11 20 1,646 0.08 

    30 1,618 0.06 

 150 783 0.09 20 1,618 0.06 

       

 60 160 1,209 0.28 20 1,868 0.20 

    30 1,785 0.16 

 150 1,090 0.23 20 1,785 0.16 
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Gender Age Baseline 
SBP 

(mmHg) 

10-year cost of   
no treatment  

(€) 

LYL SBP 
reduction 
(mmHg) 

10-year 
cost of 

treatment 

(€) 

LYL 

 65 160 1,482 0.37 20 2,027 0.26 

    30 1,907 0.21 

 150 1,312 0,31 20 1,907 0,21 
aTreatment alternative assumed costs of antihypertensive treatment and costs due to cardiovascular morbidity 
and mortality that in a certain lower degree appears in a treated cohort, 
bNo treatment alternative assumed costs due to cardiovascular morbidity and mortality, 
c Different age-, gender- and SBP reduction related scenarios were assumed  for a treatment and no treatment 
alternative, Treatment with a fixed-dose combination HCT 12,5mg/Losartan 50 mg was assumed to reduce the 

SBP from a baseline SBP of 160 mmHg for either 20 or 30 mmHg; or to reduce the SBP from a baseline SBP of 150 
mmHg for 20 mmHg, No treatment alternative assumed that a patient would remain at a baseline SBP level 
respective to the one assumed in the treatment scenario (160 or 150 mmHg), 

LYL, life years lost; SBP, systolic blood pressure 

 

Table A.II Estimated lifetime costs of treatmenta assumed with a fixed-dose combination HCT 
12.5mg/Losartan 50 mg and no treatmentb and life years lost (LYL) for different age groups and 

different SBP scenariosc per patient. 

Gender Age Baseline 

SBP 

(mmHg) 

Lifetime cost 

of   no 

treatment  

(€) 

LYL SBP 

reduction 

(mmHg) 

Lifetime cost 

of treatment 

(€) 

LYL 

Men        

 40 160 6,434 4.33 20 7,532 3.28 

    30 7,096 2.83 

 150 5,959 3.78 20 7,096 2.83 

       

 50 160 6,098 3.43 20 6,875 2.60 

    30 6,431 2.25 

 150 5,593 3.00 20 6,431 2.25 

       

 60 160 5,608 2.54 20 6,040 1.92 

    30 5,601 1.66 

 150 5,092 2.22 20 5,601 1.66 

       

 65 160 5,221 2.09 20 5,508 1.58 

    30 5,086 1.36 

 150 4,721 1.82 20 5,086 1.36 

       

Women        

 40 160 6,524 4.43 20 7,741 3.30 

    30 7,303 2.83 

 150 6,053 3.83 20 7,303 2.83 

       

 50 160 5,974 3.57 20 6,977 2.67 

    30 6,556 2.29 
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Gender Age Baseline 

SBP 

(mmHg) 

Lifetime cost 

of   no 

treatment  

(€) 

LYL SBP 

reduction 

(mmHg) 

Lifetime cost 

of treatment 

(€) 

LYL 

 150 5,511 3.10 20 6,556 2.29 

       

 60 160 5,443 2.73 20 6,146 2.05 

    30 5,737 1.76 

 150 4,978 2.37 20 5,737 1.76 

       

 65 160 5,142 2.31 20 5,680 1.73 

    30 5,279 1.49 

 150 4,679 2.01 20 5,279 1.49 
a Treatment alternative assumed costs of antihypertensive treatment and costs due to cardiovascular morbidity 
and mortality that in a certain lower degree appears in a treated cohort, 
bNo treatment alternative assumed costs due to cardiovascular morbidity and mortality, 
c Different age-, gender- and SBP reduction related scenarios were assumed  for a treatment and no treatment 
alternative, Treatment with a fixed-dose combination HCT 12,5mg/Losartan 50 mg was assumed to reduce the 

SBP from a baseline SBP of 160 mmHg for either 20 or 30 mmHg; or to reduce the SBP from a baseline SBP of 150 
mmHg for 20 mmHg, No treatment alternative assumed that a patient would remain at a baseline SBP level 
respective to the one assumed in the treatment scenario (160 or 150 mmHg), 

LYL, life years lost; SBP, systolic blood pressure 
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ABSTRACT 

Background: Acute heart failure (AHF) is frequent, severe and costly, however detailed 

population-based epidemiological data are currently unavailable for the Netherlands. Our 

aim was to characterize the incidence, patient characteristics and outcomes of AHF, and 

estimate associated hospitalizations costs in the Netherlands. 

Methods: Using the 2010 and 2011 National Medical Registration (LMR), we identified all 

patients admitted to hospital with AHF as a primary diagnosis. We extracted hospital data 

on resource use in 2011 associated with AHF, as it provided more contemporary 

information, in order to calculate its cost. Major components of hospital resource use 

included in this estimate were inpatient care, diagnostic procedures and major 

interventions conducted during the hospital stay and autopsy associated with inhospital 

mortality.  

To quantify the cost of inpatient care, we applied four different scenarios. Scenario 1 

assumed the aforementioned cost to be associated only with the cost of stay in general 

wards. Other scenarios (2-4) assumed the cost of stay in emergency wards to contribute 

with 10, 25 and 50% to the cost estimate associated with inpatient care 

Results: Analysis of the data identified 33,973 hospitalizations in Netherlands in 2010 due 

to main diagnosis of AHF. In 2011, the identified number of hospitalizations was 15,731 for 

men and 15,517 for women. The average patient age in AHF in 2011 was 74.4 (±11.8) and 

79 (±11.6) years for men and women, respectively. The most common comorbid 

conditions were atrial fibrillation, old myocardial infarction, diabetes, unspecified 

hypertension, COPD and other diseases of endocardium. The mean hospital length of stay 

was 7.9 days and it was similar for men and women. Finally, the estimated hospital cost of 

AHF in scenario 1 was €3,902 for women and €4,044 for men, while in scenarios 2, 3 and 4 

the cost was even higher reaching up to €8,088 for women and €8,078 in men. 

Conclusions: Our study provides important insights into the characteristics and costs of 

AHF hospitalizations in the Netherlands. Further analysis directed to linking the available 

LMR data with hospital claims data will indicate the cost of medication use and therefore 

provide more comprehensive hospital AHF cost estimates.  

  



3 

Economic evaluation of primary prevention of cardiovascular diseases in mild hypertension 

 

75 

INTRODUCTION 

Heart failure (HF) is a syndrome presented with symptoms and signs caused by cardiac 

dysfunction that commonly affects elderly people (1). In the United States, approximately 

5.8 million people have HF, while in Europe this syndrome affects more than 15 million 

people (2,3). In line with international findings, HF is a highly prevalent condition in the 

Netherlands causing a major health and economic burden to the healthcare system. 

According to the national RIVM-data, an incidence of 37,000 and prevalence of 127,000 

patients was recorded in 2008 (4). In addition, patients with HF may suffer not only from 

different levels of physical activity impairment, but also lower quality of life (QoL) 

compared to the general population. Specifically, two studies assessing the QoL in Dutch 

patients with HF used the EQ-5D instrument (measures an individual’s preference for 

living in HF state compared to other health states) to summarize QoL between values of 

0.47 and 0.77 (5,6). This range in the QoL observed in the two studies may be due to the 

differences in HF severity, time of assessment relative to disease onset and other 

underlying patients’ characteristics (e.g. age, comorbidities or type of treatment). In 

agreement with the high health burden associated with HF, the economic burden to the 

Dutch healthcare system was marked with the cost of €455 million or 0.6% of the total 

healthcare budget in 2007 (4). The major share of expenditures (i.e. 60%) was recorded 

for hospitalizations for HF. Notably, hospitalizations might occur due to the new onset of 

HF (‘de novo’) or deterioration of chronic HF with symptoms that warrant hospitalization. 

Both of the aforementioned presentations of HF can be described as acute heart failure 

(AHF) according to ESC guidelines for the diagnosis and treatment of acute and chronic 

heart failure 2012 (1). Notably, the number of HF hospitalizations in Dutch hospitals 

increased in the period 1998-2010(4). Given such a trend in hospitalizations and the 

indications of higher, both short- and long-term, mortality risk following index 

hospitalization (7), it remains important to have up-to-date information on the incidence 

of AHF.  

In the last decade, there have been major changes in the clinical practice and treatment of 

HF marked with the introduction of new medications and medical devices. These 

treatment innovations are expected to lead to a better survival and shorter length of 

hospital stay (1,8,9). Though clinical trials on new treatments might indicate favorable 

health outcomes in HF patients, the decision on their application in clinical practice are 

also made with respect to the economic consequences associated with their use. 

Importantly, to conduct robust economic analyses on treatment strategies in HF patients, 

analysts should be provided with the most contemporary evidence on both health 

outcomes and costs associated with those strategies. Given that the costs of 

hospitalization are a major contributor to the total health care expenditures, the up-to-
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date information on the use of hospital care resources is essential for such evidence, ergo, 

ultimate economic evaluations. 

In this study, we aim to characterize the incidence, patient characteristics and outcomes 

of AHF, and estimate associated hospital costs in the Netherlands. 

METHODS 

Data source  

The National Medical Registration (LMR) for 2010-2011 was used to identify patients who 

were hospitalized for AHF as primary (discharge) diagnosis either due to the new-onset HF 

or decompensation of chronic HF. Hospital data coverage was 87% and 82% in 2010 and 

2011, respectively. LMR provide information on demographic characteristics (e.g. age, 

gender), the main (discharge) diagnosis, secondary (other) diagnoses, date of admission 

and discharge, medical procedures performed during the stay (i.e. surgery, imaging, etc.), 

prior location of patient (own home, hospital, etc.), discharge destination (death, own 

home, another hospital, rehabilitation center, etc.) and characteristics of the hospital (i.e. 

general  or academic hospital). In the LMR dataset, diagnoses are coded using the 

International Classification of Diseases, Ninth Revision (ICD-9). 

Identification of cases 

Cases were selected for our analysis if their discharge diagnosis was coded with one of the 

ICD-9 codes detailed in Table 1. Here the term ‘discharge’ refers to both live discharges 

and deaths. Additionally, patients admitted to hospital in 2009 but discharged in 2010 

were also selected for the analysis. The absolute number of cases (including day 

admissions) was identified for both 2010 and 2011, however, the description of patient 

characteristics and outcomes was provided only for cases observed in 2011 as it provided 

more contemporary information. Specific outcomes described are the length of hospital 

stay, medical procedures performed and patient flow in 2011. When patient 

characteristics, such as the presence of comorbidities and age, were analyzed, recurrent 

cases of HF hospitalizations were excluded. The presence of comorbidities was identified 

by analyzing the secondary diagnosis if reported.  

All the analysis was performed using SPSS version 22. 

Cost estimation 

In this study, a top-down approach was used to estimate the hospital costs associated 

with AHF. In this approach, cost components were valued by identifying age- and gender-

specific resource use from annual AHF cases in 2011. This resulted in estimating hospital 

resource use (e.g. average length of stay) for an average male and female patient. 

Additionally, separate resource use estimates were estimated for different age groups (i.e. 

<70, 70-85 and >86). Hospital resource use components were subgrouped into four 
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categories: inpatient care, diagnostics, interventions and autopsy. Unit costs associated 

with those categories were based on national tariffs or collected from published Dutch 

studies (Table 2)(10-12). All costs were inflated to 2014 levels using the Dutch inflation 

index. 

The LMR provides no information on whether patients were admitted to a general or 

emergency hospital ward. Therefore, we applied four different scenarios to quantify the 

cost of inpatient care. Scenario 1 assumed the cost of inpatient care to be associated only 

with the cost of stay in general wards. Other scenarios (2-4) assumed the cost of stay in 

emergency wards to contribute with 10, 25 and 50% to the cost of inpatient care. 

 

Table 1 Identification of patients hospitalized for heart failure 

Description ICD-9 code 

Hypertensive heart disease malignant with HF  402.01 

Hypertensive heart disease benign with HF  402.11 

Hypertensive heart disease unspecified with HF  402.91 

Hypertensive heart and renal disease malignant with HF  404.01 

Hypertensive heart and renal disease malignant with HF and renal failure  404.03 

Hypertensive heart and renal disease benign with HF  404.11 

Hypertensive heart and renal disease benign with HF and renal failure  404.13 

Hypertensive heart and renal disease unspecified with HF  404.91 

Hypertensive heart and renal disease unspecified with HF and renal failure  404.93 

Congestive HF, unspecified  428.00 

Left HF  428.10 

Systolic HF unspecified  428.20 

Systolic HF acute  428.21 

Systolic HF chronic  428.22 

Systolic HF acute on chronic  428.23 

Diastolic HF unspecified  428.30 

Diastolic HF acute  428.31 

Diastolic HF acute on chronic  428.33 

Combined systolic and diastolic HF unspecified  428.40 

Combined systolic and diastolic HF acute  428.41 

Combined systolic and diastolic HF chronic  428.42 

Combined systolic and diastolic HF acute on chronic  428.43 

HF unspecified  428.90 

ICD-9, International Classification of Diseases, 9th Revision; HF, heart failure. 
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Table 2 Cost estimates applied in the analysis. 

Key resource items Unit cost (€, 2014) 

Length of stay in general ward (daily) 469 

Length of stay in emergency ward (daily) 1,524 

Electrocardiography 22 

Echocardiography 53 

Computer tomography scan 202 

Doppler 41 

Catheterisation 815 

ICD implantation 35,893 

PTCA 3,553 

Pacemaker 10,152 

Cost of autopsy 427 

ICD, implantable cardioverter defibrillator; PTCA, Percutaneous transluminal coronary angioplasty  

RESULTS 

In 2010, a total of 33,973 hospitalizations were coded with a main diagnosis of HF at 

discharge in Dutch hospitals. Throughout this period, there was a similar level of 

hospitalization between men and women (i.e. 49.9%:50.1%). In 2011, the identified 

number of hospitalizations was 15,731 for men and 15,517 for women. 

The average patient age in AHF was 74.4 (±11.8) and 79 (±11.6) years for men and women 

respectively. The distribution of patient ages for those hospitalized for AHF is reported in 

Figure 1. The mean number of comorbidities per patient was 2.6 (±2.4). Some of the most 

frequent comorbidities in AHF patients were atrial fibrillation (8.3%), old myocardial 

infarction (4.1%), diabetes mellitus (3.9%), unspecified hypertension (3.8%), COPD (3.3%) 

and other diseases of endocardium (3.2%). 

Figure 2 depicts the patients flow for hospitalizations occurring in 2011. In 95% of the 

cases, home was identified as a prior location of a patient. The majority of hospitalizations 

took place in general hospitals (i.e. 92.6%). Day admissions accounted for 6% of all 

admissions. After the hospitalization, 78.7% of patients returned to home, 11.5% were 

transferred to nursing care or other hospitals and 9.8% died by the end of their hospital 

stay. The mean length of hospital stay was 7.9 (±9) days and it similar for similar for men 

and women (Figure 3). 
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Figure 1 Distribution of hospitalized acute heart failure patients according to their age. 

Hospital costs of AHF 

Inpatient care cost was the largest contributor to the overall AHF cost estimate in both 

women and men at 95% and 88%, respectively (Figure 4). Echocardiography and 

electrocardiography were identified as some of the most frequently used diagnostic 

procedures, while the most common interventions were various catheterizations, 

percutaneous coronary angioplasty, implantable cardioverter defibrillator (ICD) 

implantation. Based on the resource use of the aforementioned categories and their 

respective national cost estimates (Table 2), the estimated hospital cost of AHF in scenario 

1 was €3,902 for women and €4,044 for men (Figure 4). After adjusting for age- and 

gender-specific level of resource use, the estimated cost of hospitalization due to AHF in 

women was in range from €3,623 in women older than 86 years to €4,251 in women 

younger than 70 years (Table 3). In men, the corresponding cost of hospitalization was in 

range from €3,709 (>86 years old) to €4,453 (<70 years old) (Table 3). Scenarios 2, 3 and 4 

assuming the cost of stay in emergency wards to contribute with 10, 25 and 50% to the 

inpatient care cost, are presented in Table 4. At a cost of stay in emergency ward 

contributing with 10% to the total inpatient care cost, the estimated AHF hospital cost was 

€4,739 in women and €4,851 in men. Expanding the emergency ward’s contribution to the 
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inpatient care cost to 50%, resulted in the total AHF hospital costs of €8,088 in women 

and €8,078 in men. 

Figure 2 Patient flow in 2011. 

 

Figure 3 Length of hospital stay (days) related to acute heart failure. 
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Figure 4 The estimated cost of hospital admissions associated acute heart failure for women (left) 

and men (right). Scenario 1. 
 

Table 3 Age- and gender-specific cost of hospitalization (excl. medication use) for AHF. Scenario 1. 

Age group Resource  Women Men 

<70 years Inpatient care €4,251 0.03% € 4,453 0.02% 

Diagnostics 16.72% 19.51% 

Interventions 83.20% 80.42% 

Autopsy 0.05% 0.05% 

71-85 years Inpatient care €4,065 94.62% €4,028 88.56% 

Diagnostics 0.03% 0.03% 

Interventions 5.30% 11.35% 

Autopsy 0.05% 0.06% 

>86 years Inpatient care €3,623 98.74% €3,709 97.77% 

Diagnostics 0.03% 0.05% 

Interventions 1.16% 2.13% 

Autopsy 0.07% 0.06% 

 

Table 4 The estimated cost of hospital admissions associated with AHF. Scenarios assuming the 

emergency ward costs to contribute to the inpatient care cost. 

Scenario Cost of hospitalization (excl. medication use) for AHF (€) 

 Women Men 

2: emergency ward 10% 4,739 4,851 

3: emergency ward 25% 5,995 6,061 

4: emergency ward 50% 8,088 8,078 

AHF, acute heart failure 
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DISCUSSION 

In the 2010 and 2011 LMR data and for AHF cases only, there were 33,973 and 31,248 

hospitalizations, respectively. Based on the hospital resource use associated with AHF in 

2011, we estimated the hospital cost of AHF in scenario 1 to be €3,902 for women and 

€4,044 for men. However, this is under the assumption that the resource use of inpatient 

care was associated only with the costs of stay in general hospital wards. In fact, the 

overall hospital cost of AHF rose significantly when the cost of stay in emergency wards 

was assumed to contribute to the cost of inpatient care. In particular, with the 

contribution of emergency wards costs of 50%, the overall hospital cost of AHF would 

double. Furthermore, our findings on the age- and gender-allocation of hospital resources 

indicated lower AHF costs in older patients and in women compared to men. The 

estimated decrease in costs in older age groups was due to lower use of intervention 

resources. 

The absolute number hospitalizations due to AHF decreased in 2011 compared to 2010, 

however, this finding is based on the LMR data with incomplete hospital coverage. 

Therefore, in order to properly assess the most recent trend in AHF hospitalizations, 2012-

2014 Dutch hospital data with complete hospital coverage should be analysed. 

Interestingly, our analysis indicated a relatively low presence of certain comorbidities in 

AHF patients in comparison to other international findings (13). For example, 

hypertension as a secondary diagnosis was reported only in 3.8% of AHF patients in the 

2011 LMR data, while in other studies on AHF patients such as the ADHERE, OPTIME and 

VMAC, the prevalence of hypertension was approximately 70% (13). Failure of some of the 

Dutch hospitals to report secondary diagnoses may be a reason for the aforementioned 

findings.  

Comparison to other studies 

In their report on HF, Koopman et al. indicated a lower number of hospitalizations due to 

HF in the Netherlands in 2010 (i.e. 14,808 men and 15,030 women) in comparison to our 

observations (4). This discrepancy might be due to the possible differences in the data 

coverage at the time of the analysis and cases selection criteria (e.g. the choice of the ICD-

9 codes, inclusion of patients admitted in 2009 but discharged in 2010, or inclusion of 

cases with day admissions). 

A Dutch study reported the cost for HF hospitalisation in the Netherlands in 1999 to be 

€4,795 (14). However, a direct comparison of this cost estimate to our findings is hindered 

given the disparity in reporting hospital resources between the two studies. Moreover, 

changes in clinical practice and introduction of new innovations for the treatment of AHF 

during the last decade may contribute to potential differences in cost estimates. 
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Limitations 

Our analysis is confronted with several limitations that may restrict the interpretation of 

results. One limitation is that the identification of AHF cases in our study relies on 

discharge diagnosis. Specifically, problems with the interpretation of the data may arise if 

incomplete and/or imprecise coding of diagnosis occurs. A couple of studies provided 

evidence of the number of hospital events related to HF to be underestimated when the 

analysis was solely based on hospital discharge codes (15-17). Furthermore, incomplete 

coding might also be the reason for a relatively low prevalence of certain comorbidities 

(e.g. hypertension, diabetes, atrial fibrillation, etc.) in AHF patients that our study 

observed. Another limitation of our study concerns the missing information on medication 

resource use in AHF. This inevitably underestimates the estimated hospital AHF cost. 

Further investigation should be directed to linking the available LMR data with hospital 

claims data. This will indicate the cost of medication use and therefore provide more 

comprehensive hospital AHF cost estimates. Notably, such a complete analysis should 

provide a valid, up-to-date hospital AHF cost estimate that could find its use in economic 

evaluation on HF treatments. 
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