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ABSTRACT 

Background: The financial burden for EU health systems associated with cardiovascular 

disease has been estimated to be nearly € 110 billion in 2006, corresponding to 10% of total 

healthcare expenditure across EU or a mean € 223 annual cost per capita. The main 

purpose of this study is to estimate the costs related to hypertension and the economic 

impact of increasing adherence to anti-hypertensive therapy in 5 European countries 

(Italy, Germany, France, Spain and England). 

Methods: A probabilistic prevalence-based decision tree model was developed to estimate 

the direct costs of cardiovascular disease related to hypertension (CV defined as: stroke, 

heart attack, kidney disease, heart failure) in 5 European countries. Our model considered 

adherence to hypertension treatment as a main driver of blood pressure control (BP < 

140/90 mmHg). Relative risk of CV, based on controlled or uncontrolled BP group, was 

estimated from the Framingham Heart Study and national review data. Prevalence and 

cost data were estimated from national literature reviews. A National Health System 

(NHS) perspective for 10 years was considered. Probabilistic Sensitivity Analysis (PSA) 

was performed in order to evaluate uncertainty around the results (given as 95% 

confidence intervals). 

Results: The model estimated a total of 8.6 million (1.4 in Italy, 3.3 in Germany, 1.2 in 

Spain, 1.8 in France and 0.9 in England) CV events related to hypertension over the 10 year 

time horizon. Increasing the adherence rate to anti-hypertensive therapy to 70% (baseline 

value is different for each country) would lead to 82,235 fewer CV events (24,058 in Italy, 

7,870 in Germany, 18,870 in Spain, 24,855 in France and 6,553 in England). From the NHS 

perspective, the direct cost associated with hypertension was estimated to be € 51.1 billion 

(8.1 in Italy, 17.8 in Germany, 12.2 in Spain, 8.8 in France and 4.1 in England). Increasing 

adherence to anti-hypertensive therapy to 70% would save a total of € 323.7 million (CI 

95%: € 304.2 - € 342.2 million) from the NHSs perspective. 

Conclusion: This study is the first attempt to estimate the economic impact of non-

adherence amongst patients with diagnosed hypertension in Europe, using data from five 

European countries (Italy, France, Germany, Spain and England).  
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Safe and effective treatments for a range of health issues are widely available in Europe. 

These treatments, however, are not always used to their full potential. They can be limited 

by many factors, including a lack of adherence to treatment. The reasons behind low 

adherence are complex, and can include a variety of factors (such as socio-economic status, 

patient beliefs and lifestyle, health-literacy) and their interaction with the health care 

system. 

Better adherence to medical treatment, as well as medical and prevention plans, will 

improve the quality of life of patients and help support the long term sustainability of 

health care systems.1 

In Europe, about 4.58 million people die every year due to cardiovascular diseases (CV)2. 

In the 25 European countries, the annual expenditure for the treatment of CVs is estimated 

to be about € 169 billion3. Of this, about 61% is attributable to direct healthcare costs. 

The treatment of hypertension, one of the main risk factors, reduces the number of adverse 

cardiovascular events and thus decreases the economic and health impact of hypertension 

related CV4, 5, 6. The effectiveness of therapies used to treat hypertension has been shown 

to be closely related to the patients’ medical adherence to treatment7, 8. A level of good 

adherence needed for a pharmacological treatment to be effective, is widely recognized to 

be around 80% of the prescribed therapy9. Existing research shows that in several 

European countries less than 60% of treated hypertensive subjects have an adherence to 

their treatment over 80%10,11,12,13,14. Poor adherence results in severe losses in terms of 

clinical efficacy and economic efficiency, especially as the cardiovascular events that full 

adherence could avoid translate into greater hospitalization costs. 

Non-adherence to anti-hypertensive drugs remains a global issue and one of the main 

clinical obstacles to the reduction of cardiovascular morbidity and mortality. One study15 

has estimated that in the United States 100% adherence to treatment could reduce the risk 

of CV by 32%, with 8.5 million fewer events over 10 years follow-up and cumulative 

savings to the health care system of $ 72 billion15. To date this is the only systematic 

analysis published, but its results cannot be transferred directly to Europe, since there 

exist considerable variations in healthcare systems both between the United States and 

Europe, and between different European countries. The main purpose of this study is 

therefore to estimate the total cost of CV related to hypertension and the economic impact 
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of non-adherence to medical anti-hypertensive therapy in five European countries 

(England, France, Germany, Italy and Spain).   
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A prevalence based probabilistic model was developed to estimate the costs and 

consequences of CV, using risk equations to estimate the risk of cardiovascular events 

based on the Framingham Heart Study. The model simulates the natural history of the 

disease, where patients residing in each of the countries included in the analysis may or 

may not be hypertensive (Figure 1). Hypertensive patients (BP ≥ 140/90) may or may not 

be diagnosed with hypertension. The model assumes that all diagnosed patients are 

treated and that adherence to treatment (defined as the extent to which a patient acts in 

accordance with the prescribed interval and dose of a dosing regimen16) is the main driver 

for the patient to achieve a controlled blood pressure (BP < 140/90) and consequently a 

lower probability of experiencing a cardiovascular event. 

The model assumes that all undiagnosed hypertensive patients have an uncontrolled BP 

while the non-hypertensive subjects maintain a BP <140/90. On the basis of the 

Framingham17 risk equations, all subjects, including those who are not hypertensive, have 

a defined probability of experiencing a CV event. 

The model is used to produce a risk estimate over a 10 year period. Costs are estimated 

from a health system perspective using demographic, epidemiological and economic data 

obtained from national and international literature for each country included in the 

analysis. 
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The cardiovascular risk equation reported by D’Agostino et al. (2008)17 produces estimates 

of the risk of CV which varies depending on the patient’s age and other demographic 

characteristics, on clinical parameters including BP and on other risk factors. In our model 

the population has been divided into 4 risk groups: diagnosed subjects with controlled BP 

(BP < 140/90) after treatment, diagnosed subjects with uncontrolled BP (BP ≥ 140/90) after 

treatment, hypertensive but undiagnosed subjects (BP ≥ 140/90) and healthy subjects (BP< 

140/90). Within each risk group, the composition by age of the population of each country 

included in the analysis (Appendix A) was considered. 

The sum of cardiovascular risk scores, by BP risk group and age-weighted, produced the 

10-year CV event probabilities shown in Table 1. 

In order to estimate the costs of CV events attributable to hypertension, we considered a 

percentage of CV events that was assumed (by literature review) related to hypertension 

(Appendix B table B-1)15. As the focus of this study relates to costs of hypertension and 

non-adherence to therapy, healthy subjects were not considered in our cost analysis. 
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Processing of the Framingham Heart Study by the authors17. 
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Demographic and epidemiological parameter values for each country are included in the 

analysis, and information about the prevalence of diagnosed and undiagnosed to 

hypertension and treatment adherence were obtained from national and international 

literature: values and sources are reported in Table 2.  
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In accordance with the perspective of the analysis, only direct healthcare costs associated 

with the treatment and control of hypertension and all related  CV events were 

considered. Regarding drug costs, two different approaches were used depending on 

available data for each country. The annual average cost for prescribed drugs was 

estimated in Italy and France from a top-down perspective as follows: annual 

pharmaceutical expenditure per ATC groups C02, C03, C07, C08 (antihypertensives, 

diuretics, beta blocking agents, calcium channel blockers), C09 (agents acting on the renin-

angiotensin system), C09C, C09D (angiotensin II antagonists, plain, angiotensin II 

antagonists, combinations) divided by the number of treated patients as estimated by the 

model. For Germany, England and Spain, costs were derived from a bottom-up 

perspective according to estimates available in the published literature. The resulting 

parameter values and their sources for each country are summarised in Table 3.  
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Medical costs of cardiovascular events were assessed as a weighted average depending on 

country-specific number of events attributable to hypertension and associated 

hospitalization rates (Appendix B).  
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The impact of improving adherence was compared against the current values for each 

country as reported in Table 2. In the main scenario it was assumed that the number of 

subjects treated and having an adherence rate to antihypertensive treatment equal or 

above 80%, would increased to 70% in all Countries. The model was run at current 

adherence levels and at 70% of treated subjects, in order to estimate the difference in CV 

events and related costs under the two scenarios.  

Probabilistic sensitivity analysis was also carried out through Monte Carlo simulations 

based on a range of probabilities for each parameter considered in the model (Appendix 

C). Sensitivity analysis enabled the estimation of 95% confidence intervals (CI 95%) 

around the mean value, using the percentile method to identify the upper and lower 95% 

bounds over 5,000 simulations. The model and the sensitivity analysis were developed in 

Microsoft Excel® (Microsoft Corp., Redmond, WA). 

 *
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Table 4 reports the predicted number and cost of all CV events related to hypertension for 

each country and aggregated across all 5 countries. Over the 10-year time horizon, a total 

of almost 8.6 million CV events are predicted based on current demographic, 

epidemiological and adherence data (32% were estimated to occur in Germany, 20% in 

France and Italy, and 15% and 12% in Spain and England respectively). The total cost of 

CV events attributable to hypertension was estimated to exceed € 51.1 billion over a time 

span of 10 years (range: € 4.1 in England and € 17.8 in Germany). 
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Considering only the costs associated with diagnosed and treated patients, drug cost is 

estimated, on average, to represent 37% (range: 10% in England and 71% in Spain) of the 

total cost of the disease and the remaining part being attributed to hospitalisations (Table 

5). In Italy, a total cost related to diagnosed and treated hypertensive patients of € 6.5 

billion (CI 95%: € 5.9 – 7.1 billion) was estimated over a 10 years horizon. Similarly, in 

France, the cost associated with hospitalization was estimated at € 3.3 billion (CI 95%: € 2.9 

– 3.7 billion) and the total expenditure for diagnosed subjects amounted to € 5.7 billion (CI 

95%: € 5.1 – 6.3 billion). 
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Total costs related to diagnosed patients were much higher in Germany and Spain than in 

other countries. In Germany, where the prevalence of hypertension (Table 2) and of 

diagnosed subjects (Table 4) were both high, total expenditure was estimated to be € 14.3 

billion (CI 95%: € 12.9 – 15.5 billion). In Spain, the high cost associated with hypertensive 

patients was attributable to a total drug cost of € 7.0 billion (CI 95%: € 6.3 – 7.8 billion), 

higher than any other country and approximately three times the cost of hospitalizations 

(€ 2.8 billion CI 95%: € 2.5 – 3.2 billion). 

In England, drug costs of just € 0.2 billion (CI 95%: € 0.2 – 0.3 billion) were particularly 

low, corresponding to 10.6% of the total expenditure related to hypertensive treatment and 

hospitalization cost. These lower drug costs reflect a high proportion of generic drugs in 

the total drugs used, and low generic prices in the UK. 

'
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Finally, the study estimated that, by increasing to 70% the adherence to treatment in all 

countries, it would be possible to reduce direct healthcare costs for hypertension by about 

€ 323 million (CI 95%:-€ 304, -€ 342) (Figure 2). 
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By looking at savings at national level, it can be seen that countries are clustered into two 

groups. In the first, cost reductions due to increased adherence are in the order of € 20/30 

million (Germany and England); in the second group there is a substantially higher impact 

of increased adherence, with cost reductions exceeding € 80 million (Italy, Spain and 

France). The reasons for the lower level of cost reduction in the first group differ between 

the two countries: Germany (average savings € 26.6 million CI 95%: -€ 56.5 - € 3.3) is 

characterized by adherence to treatment at the baseline (66.9%) which is already very close 

to the target value of 70%, whereas in England (average savings € 28.1 million CI 95%: -€ 

20.4 - € 35.7)  the cost of drugs is significantly lower than the European average, and 

therefore savings are mainly attributable to hospitalization cost. 

In the second group, the quite low adherence (range: 39.0% - 41.5%) and the non-negligible 

costs of drugs and hospitalization determine level of savings higher than € 80 million for 

each of the three counties: Italy (€ 97.3 million CI 95%: -€ 81.3 - -€ 113.3), Spain (€ 84.4 

million CI 95%: -€ 75.8 - -€ 92.0) and France (€ 87.4 million CI 95%: -€ 70.2 - -€ 104.5). 
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This is the first study which aims to estimate costs associated with non-adherence to anti-

hypertensive treatment in five European countries. A recent study reported that, 

comparing current adherence rates of approximately 40% with hypothetical full adherence 

of 100%, non-adherence can be estimated to entail a clinical and financial burden of over 

8.5 million CV events and about $ 72 billion in the USA15over 10 years. Our analysis 

assumed a more realistic scenario, in which adherence levels in the five European 

Countries could be increased from current levels to 70% of treated patients: in other 

words, a scenario where 70% of patients prescribed for an antihypertensive treatment, take 

at least 80% of their given regimen. Our analysis indicates that this would reduce CV-

related health care costs by € 323 million (CI 95%: -€ 304 - -€ 342) over a 10 years period.  

A study by Leal et al. (2006)3 estimated the annual economic impact of CV through the 

main national sources of epidemiological and financial data. In line with our results over 

the course of 10 years, Leal et al. estimated an annual average expenditure of € 16.1 billion 

(2003) for the 5 Countries included in our analysis (drug, primary, outpatient, emergency, 

and inpatient care) or € 14.7 billion (2003) for outpatient and hospitalisation costs only. If 

one third of the total events estimated by Leal et al. are assumed to be associated with 

hypertension,17 the total cost per year would be €4.8 billion per year, close to the € 5.1 

billion (CI 95% € 4.7 – 5.5 billion) per year estimated in our study.  

The present study has some limitations, mostly attributable to assumptions and estimates 

which were necessary to overcome the lack of standardized data for the five countries of 

interest. Our epidemiological data were either obtained from statistics provided by 

national institutions or extrapolated estimates from scientific literature. Our estimates for 

adherence rates were taken from a number of different studies which could have used 

definitions different to that given in our study16. 

Likewise, costs were obtained from a number of data sources using methods and 

definitions which may have varied from one country to the other. This applies to both 

drug costs and hospital costs, which were not completely consistently derived across 

countries. However, use of probabilistic sensitivity analysis has allowed us to capture and 

explore the variability in the main parameters of the model. 

 
The estimation of risk and of the number of CV events related to hypertension was based 

on a well-known cohort study – the Framingham Heart Study – that consists of a non-
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European population,15,17 and no adjustments were made for ethnic composition in each 

country. However, calculations were adjusted for the age and sex structure of each 

population, and a 2008 study45 reported a high correlation between the cardiovascular 

risks estimated in the Framingham study and those observed in a population of European 

subjects (SCORE46, 47).  

In conclusion, our study represents the first attempt in Europe to estimate the costs 

associated with non-adherence to anti-hypertensive treatment, using a probabilistic 

prevalence based model in 5 European countries. Despite its limitations, this analysis 

should help decision makers to better understand the clinical and economic importance of 

improving adherence at national level, and will help inform strategies to improve 

adherence to therapy as one key issue of antihypertensive medical therapy. All actions 

taken to increase patient compliance to anti-hypertensive therapies, such as psychological 

support to enhance patient's motivation, patient’s reminders, and use of fixed dose 

combination therapies to decrease pill burden, should be assessed by policy makers and 

healthcare budget holders within a framework that considers not only the short term costs 

of these interventions, but also possible offsetting costs due to fewer hospitalizations, and 

improvements in healthcare status.   

 *
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