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Introduction
General Introduction and Outline of the Thesis

Background

Cardiovascular and renal diseases

Cardiovascular and renal disease are leading causes of morbidity and 
mortality in the developed world. For a long time, health-care interventions 
are directed at patients with established cardiovascular or renal disease 
(e.g. heart failure, diabetic nephropathy) to prevent recurrent events and 
further disease progression with pharmacotherapeutic agents. For several 
reasons (e.g. ageing of the population), pharmacotherapeutic intervention 
to prevent cardiovascular and renal diseases, has become more and 
more important in the last decades. In this respect, risk-factors such as 
hypertension, hypercholesterolemia and diabetes are generally treated 
to decrease the risk of cardiovascular and renal disease.1-3 In practice, 
preventive pharmacotherapeutic treatment is only initiated in those subjects 
that have visited a health-care professional (e.g. general practitioner) for 
reasons of complaints, specific symptoms and/or explicitly identified 
elevated risk. This re-active approach does not specifically identify the 
generally healthy subjects (no complaints and no symptoms). Therefore, 
there is still much room for further improvement, despite advances 
in pharmacotherapy. Elevated albuminuria is an early risk-marker of 
progressive cardiovascular and renal disease. Active population-based 
screening for elevated albuminuria has the potential to identify subjects 
in an early asymptomatic disease stage. Such an active approach allows for 
identification of generally healthy subjects in an early disease stage rather 
than treatment of risk-factors in the re-active approach.

Albuminuria

Increased levels of albuminuria, also known as elevated urinary albumin 
excretion (UAE) is a marker for early cardiovascular and renal functional 
abnormalities.4-6 It has been found in various studies that albuminuria 
is associated with several cardiovascular and renal risk-factors (e.g. 
age, gender, blood pressure, cholesterol, glucose, body mass index, 
smoking).7-13 Elevated albuminuria, either micro- (UAE 30-300 mg/day) 
or macroalbuminuria (UAE ≥300 mg/day), predicts worse cardiovascular 
and renal outcome in patients with diabetes14-20, hypertension,21-24 as well 
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as in the general population.25-27 This predictiveness is even independent of 
other associated cardiovascular and renal risk-factors.27-29 Consequently, 
some guidelines are now including albuminuria as an additional risk-
marker for cardiovascular disease.2,30. 

Treatment and Screening

Albuminuria has been shown to be associated with loss of renal function 
and cardiovascular outcomes. From various studies, evidence exists that 
decreasing albuminuria is associated with improving cardiovascular and 
renal outcomes. 

Pharmacotherapeutic interventions with angiotensin-converting-enzyme 
(ACE)-inhibitor or angiotensin receptor blockers (ARB) directed at the Renin 
Angiotensin Aldosterone System (RAAS) have shown to be effective in 
decreasing albuminuria and related risk for renal outcomes in diabetic and/
or hypertensive patients.31-36 Importantly, these agents have been shown to 
lower albuminuria and renal risk more than might be expected from their 
blood pressure-lowering effect alone. Comparable benefits of treatment of 
albuminuria with these RAAS intervening agents were found with respect 
to cardiovascular outcomes. These results on cardiovascular outcomes 
were generally based on clinical trials among patients with established 
cardiovascular disease and hypertension37,38, but also general healthy subjects 
with elevated microalbuminuria.39 Though these studies indicate that RAAS 
treatment is associated with decreases in albuminuria that translate in reduced 
cardiovascular and renal risk, more research is needed to reveal the exact role 
of albuminuria and treatment options. 

Considering aforementioned, it seems reasonable to point at 
albuminuria as a potential target to improve cardiovascular and renal 
outcome by pharmacotherapeutic treatment.40 In particular, this 
could involve efficient treatment for albuminuria in those subjects 
with established risk-profiles as a re-active approach and population-
based screening for and (early) treatment of albuminuria as an active 
approach.41,42  

In daily practice treatment guidelines, albuminuria could serve as a 
potential target for treatment with RAAS intervening agents in patients 
with diabetes, hypertension or established cardiovascular disease to reduce 
the number of cardiovascular and/or renal outcomes. Active screening for 
albuminuria in specific patient populations or even the general population, 
could also serve as a potential opportunity to prevent cardiovascular and 
renal outcome with RAAS intervening treatment in an early stage.  
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Health economics & pharmacoeconomics

Cardiovascular and renal disease form an enormous and growing burden 
to health care budgets in developed countries. Early identification 
and treatment of subjects with elevated albuminuria that are at risk for 
developing cardiovascular and renal disease events seems desirable from 
a health care point of view with long-term gains in terms of averted 
cardiovascular and renal disease events. Is it therefore also recommendable 
from a health-economic point of view?

Next to considerations on efficacy, safety and effectiveness, health 
policy and reimbursement decisions are more and more driven by 
cost-effectiveness outcomes. In particular, this applies to decisions on 
reimbursement of new pharmacotherapeutic agents and decisions on 
the implementation of prevention and screening programs. Nowadays, 
cost-effectiveness analyses precede final reimbursement decisions for 
new drugs and are important for decisions on the implementation of new 
health care programs in the Netherlands. Favourable cost-effectiveness 
outcomes could result in discussions and policy implications that support 
reimbursement of drugs or the implementation of prevention programs.  

The growing role of health-economic and especially pharmacoeconom-
ic evidence in health care decision-making processes requires valid ‘state-of-
the-art’ methodologies43 and structured guidelines for conducting costing 
research44 and pharmacoeconomic research.45 These guidelines are often 
(slightly) different between countries due to preference reasons.46  

Given the fact that population-based screening for and early treatment 
of albuminuria is expected to be effective, favourable cost-effectiveness of 
such an intervention could lead to discussions that enhance health policy 
decisions on active screening for subjects that are at elevated risk for 
cardiovascular and/or renal disease.47

Population

Next to data from several published randomized clinical trials, this thesis 
will primarily build further on observational data from the PREVEND 
(Prevention of Renal and Vascular ENdstage Disease study. Details of 
the PREVEND study have been presented elsewhere.48 In summary, the 
PREVEND study is a large prospective community based (observational) 
cohort study conducted in the city of Groningen that focuses to study the 
predictive value of microalbuminuria (UAE ≥30 mg/day) for cardiovascular 
and renal disease. For this study, in the period 1997 to 1998, all inhabitants 
of the city of Groningen, the Netherlands, aged between 28 and 75 years, 
were sent a questionnaire and a vial to collect an early morning urine 
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sample (N=85,421). Of these subjects, 40,856 responded and sent a vial to 
a central laboratory where urinary albumin and creatinine concentrations 
were measured. From this population, a cohort of 8592 individuals 
enriched for elevated albuminuria was selected. Since baseline screening 
in 1997/1998, further data is prospectively gathered every 3-4 years. Next 
to clinical measurements, data are gathered on (i) kidney function; (ii) 
mortality, inclusive cause of death; (iii) cardiovascular and renal events; 
and (iv) drug use. Data on drug use was derived through linkage to Dutch 
pharmacy-dispensing records from IADB.nl.49

Aims of the thesis

In this thesis, different epidemiological and health-economic aspects of 
preventive treatment in patients at cardiovascular and/or renal disease risk 
are described. Potential strategies for early identification and treatment of 
subjects with identified cardiovascular and renal risks are evaluated from 
a health-economic point of view.  

The first part of the thesis entitled “Health-economic findings from 
clinical trials”, addresses the clinical evidence of the efficacy of treating 
specific patient populations with RAAS intervening agents. In particular, 
this part focuses on health-economic outcomes that are based on clinical trial 
efficacy outcomes. Cost-effectiveness of treating cardiovascular and renal 
risk-factors can be gathered from existing literature or can be derived by 
conducting economic analyses based on available efficacy data from clinical 
trials. In this respect, chapter 1 describes an literature review to determine 
and compare the cost-effectiveness of different RAAS intervening agents 
in the specific group of type 2 diabetic patients with nephropathy. Possible 
implications of these cost-effectiveness outcomes are discussed in the light 
of more practical issues of health-care decision-making. Secondly, the 
cost-effectiveness of treatment with RAAS intervening agents is evaluated 
for different patient groups that are at elevated risk for cardiovascular 
disease events. These studies are based on using data from three different 
international randomized clinical trials. In chapter 2 the cost-effectiveness 
of RAAS intervening treatment with valsartan is calculated for patients with 
chronic heart failure. Additionally, hospital admissions from this Val-HeFT 
study are used to describe the pitfalls of judging cost reductions based on 
skewed distributions data in annex 1. Next, chapter 3 describes the results 
of an economic analysis based on the LIFE study. This chapter describes the 
cost-effectiveness analysis for treatment with the RAAS intervening agent 
losartan for a population of patients with hypertension and left ventricular 
hypertrophy. In chapter 4 the comparative cost-effectiveness of four different 
ARBs is estimated based on using both clinical trial and observational data.  
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The second part of this thesis entitled “Health-economic outcomes for 
albuminuria screening in ‘real-life’ settings, evaluates the epidemiological 
and economic rationale for population-based ‘screen-and-treat’ scenarios 
directed at albuminuria. As previously described, several studies have 
proven that elevated albuminuria is associated with cardiovascular and 
renal outcomes. Furthermore, treatment directed at the lowering of 
albuminuria levels has been shown to result in a reduced cardiovascular 
and renal risk. In particular, this part of the thesis focuses on two aspects: 
(i) the population that is most likely to benefit from active screening on 
and treatment of albuminuria; and (ii) the cost-effectiveness of population-
based screening for albuminuria followed by treatment in those found 
with elevated albuminuria levels. Chapter 5 describes and discusses the 
potential role of screening for albuminuria in specific patient groups 
(e.g. type 2 diabetic patients with nephropathy) and opportunities for 
screening in the general population. To further evaluate the potentials for 
population-based screening for albuminuria, cost-effectiveness for such 
an approach is estimated based on data from a clinical trial with generally 
healthy subjects as described in chapter 6. In previous studies it was not 
formally tested whether active treatment results in significant higher 
relative risk reductions in subjects with high versus low albuminuria levels. 
In chapter 7 is this potential albuminuria-dependent effect analysed and 
are differences in effectiveness between different blood pressure-lowering 
agents described based on observational data. Chapter 8 evaluates the cost-
effectiveness of different population-based ‘screen-and-treat’ strategies 
that are directed at albuminuria to early identify subjects at elevated 
cardiovascular and renal risk. 

Finally, the results of this thesis are summarized and discussed in the 
discussion section. Here, the findings of the thesis are translated into final 
conclusions and recommendations, including some future perspectives. 
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Chapter 1
Pharmacoeconomics of Angiotensin II Antagonists in type 2 Diabetic 
Patients with Nephropathy: Implications for Decision-Making
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Abstract

Angiotensin II receptor antagonists (angiotensin II receptor blockers; 
ARBs) are a class of antihypertensive drugs that are generally considered 
comparable to ACE inhibitors in the prevention of heart and kidney 
failure. However, these two classes of agents do interfere in different stages 
of the renin-angiotensin system. In patients with type 2 diabetes mellitus, 
advantages for ARBs over conventional (non-ACE inhibitor) therapy on 
progression from micro- to macroalbuminuria and overt nephropathy 
and end-stage renal disease have been shown in clinical trials. In patients 
with type 2 diabetes and end-stage renal disease, the need for dialysis and/
or transplantation results in the use of major healthcare resources. This 
paper reviews the available economic evidence on treatment with ARBs in 
type 2 diabetic patients with advanced renal disease. 

Within-trial analytical and Markov model economic evaluations of 
the RENAAL (Reduction of Endpoint Non-insulin dependent diabetes 
mellitus with Angiotensin II Antagonist Losartan), IDNT (Irbesartan 
Diabetic Nephropathy Trial) and IRMA (IRbesartan in type 2 diabetes 
with MicroAlbuminuria)-2 studies suggest that treatment with ARBs in 
patients with type 2 diabetes with overt or incipient nephropathy confers 
health gains and net cost savings compared with conventional (non-ACE 
inhibitor) therapy. For reimbursement and reference pricing decisions, 
there is a need for a head-to-head comparison of an ACE inhibitor with 
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ARBs to model all possible costs and effects of ACE inhibitors and ARBs. 
This will result in a proper pharmacoeconomic outcome, where both types 
of drugs can be compared for healthcare decisions. 

Introduction

Angiotensin II receptor antagonists (angiotensin II receptor blockers; 
ARBs) are a relatively recent class of antihypertensives that are generally 
considered to have similar, or even greater (based on mechanism of 
action), efficacy than ACE inhibitors for two major therapeutic areas: 
prevention of cardiovascular and renal outcomes.1 With respect to the 
latter, antihypertensive treatment to delay renal disease progression is 
most effective when targeting the renin-angiontensin system (RAS), 
i.e. using ARBs or ACE inhibitors. However, both classes do interfere 
at different stages of the RAS, clearly separating them from each other 
pharmacologically. A major advantage for ARBs over ACE inhibitors2,3 is 
their better adverse drug reaction (ADR) profile. 

In patients with type 2 diabetes mellitus, advantages for ARBs (added 
to standard antihypertensive therapy, excluding ACE inhibitors) over 
amlodipine and placebo for progression from micro- to macroalbuminuria, 
overt nephropathy and end-stage renal disease (ESRD) have been 
reported.4-6 Results of these trials have led to ARBs being incorporated 
into evidence-based treatment guidelines, such as those by the American 
Diabetes Association (ADA).7 The ADA states that ARBs, next to ACE 
inhibitors, are first-choice agents for treating nephropathy in hypertensive 
diabetic patients.7

In trials comparing ARBs with ACE inhibitors, hard endpoints are 
either lacking or do not show significant differences between the two drug 
classes. In addition, more experience exists with ACE inhibitors, and for 
some ACE inhibitors patents have expired, making them relatively cheap 
and enhancing their pharmacoeconomic profile.8,9 Both factors probably 
contributed to recommendations for ACE inhibitors as first-choice agents 
in clinical guidelines for the treatment of hypertension in diabetic patients, 
for example in the Dutch guidelines.10 Such guideline recommendations 
are equally applicable to patients with type 2 diabetes and advanced renal 
disease, including macroalbuminuria, proteinuria and overt nephropathy. 

Obviously, delay in the progression of renal disease – and ultimately 
prevention of ESRD – may result in financial benefits and health gains. 
ESRD implies the need for dialysis and/or kidney transplantation (both 
costly interventions) with often scarce availability, and waiting list problems. 
European data suggest that dialysis costs around €60,000 annually and 
transplantation €25,000 - €40,000 in the first year (2002 values), with lower 
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costs in the follow-up years.11,12 US data show that 40% of new ESRD cases 
are cause by diabetes, with a great contribution to the total annual ESRD 
costs, estimated at approximately $US25 billion in 2002.13

This paper review the available pharmacoeconomic evidence on 
treatment with ARBs in type 2 diabetic patients with advanced renal disease. 
Our paper links to previous work published in this journal concerning the 
prevention of such advanced stages of renal disease, and concluding that 
expensive interventions that have proved to be truly effective may have a 
favourable pharmacoeconomic outcome.8 We also present some original 
data on the pharmacoeconomic implications of the RENAAL (Reduction 
of Endpoint in Non-insulin dependent diabetes mellitus with Angiotensin 
II Antagonist Losartan) trial in The Netherlands.

Diabetic Nephropathy

Diabetic nephropathy is characterised by persistent and progressive 
loss of albumin via the urine. Incipient diabetic nephropathy with 
microalbuminuria involves the urinary excretion of 30-300 mg of 
albumin in the urine per day (or 20-200 μg/min). Overt nephropathy with 
persistent macroalbuminuria involves the excretion of >300 mg/day (>200 
μg/min). In overt nephropathy, glomerular filtration rate steadily declines. 
This stage of overt nephropathy will generally result in progression to 
renal failure, with its associated need for dialysis and transplantation, 
but also to increasing cardiovascular risk. It has been shown that 
elevated albuminuria is associated with a higher risk for cardiovascular 
morbidity and mortality, independent of other ‘classical’ risk factors such 
as hypertension, dyslipidaemia and smoking.14 The association is even 
stronger for albuminuria than for these classical risk factors.15,16

Clinical Trials of Angiotensin II Antagonists (ARBs) in 
Type 2 Diabetes with Overt Nephropathy

Several randomised clinical trials on ARBs in patients with type 2 diabetes 
and nephropathy have been published recently.4,5,17,18 Most notably – and 
already economically evaluated – are RENAAL4,19 and IDNT (Irbesartan 
Diabetic Nephropathy Trial).5,20 Both these trials have that the ARBs confer 
renoprotective effects beyond what might be expected from the achieved 
blood pressure lowering. Here we discuss both trials and compare the 
available information on ARBs with that on ACE inhibitors for the specific 
patient group of type 2 diabetes with overt nephropathy. Next to this, some 
additional trials on ARBs, notably IRMA-2 (IRbesartan MicroAlbuminuria 
diabetes type 2 patients),6 and one major trial in cardiology with subgroup 
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analysis for type 2 diabetes patients (LIFE [Losartan Intervention For 
Endpoint reduction in hypertension]) are discussed.21

RENAAL
RENAAL,4 a randomised placebo-controlled trial in 1513 patients with 
type 2 diabetes and nephropathy, compared the efficacy of losartan versus 
placebo (added to conventional antihypertensive therapy [diuretics, 
calcium channel antagonists, α- and β-adrenoceptor antagonists, centrally 
acting agents or any combination, excluding ACE-inhibitors]). One 
of the primary endpoints was ESRD or the need for dialysis. Patients 
on ACE inhibitors at baseline had this medication withdrawn prior to 
randomisation. RENAAL was discontinued, slightly earlier than planned, 
as soon as the results of HOPE (Heart Outcomes Prevention Evaluation) 
trial22,23 indicated superiority of ACE inhibitors over placebo (additional 
to conventional therapy) in averting cardiovascular events and renal 
impaired patients. Cardiovascular morbidity and mortality was specified 
as a secondary endpoint in RENAAL. 

In RENAAL, a relative risk reduction of losartan for ESRD was 
estimated at 28% (p = 0.002) on the basis of the Cox regression model. 
Crude absolute risks for ESRD of losartan and placebo were 20% and 26%, 
respectively. No statistically significant differences between losartan and 
placebo were found for overall mortality and cardiovascular morbidity 
and cardiovascular mortality. For RENAAL, cardiovascular morbidity 
and mortality prognosis was found to be better in patients with higher 
reductions of albuminuria levels whether in the placebo (conventional 
therapy) or losartan group.24,25

IDNT
IDNT involved 1715 patients with type 2 diabetes and nephropathy, and 
had three trial arms – irbesartan, amlodipine and placebo – with all three 
being added to conventional therapy.5 All patients were hypertensive 
(blood pressure >135/85 mmHg or on antihypertensive treatment). 
Average patient follow-up was almost 3 years. As in RENAAL, patients 
receiving ACE inhibitors were switched to other antihypertensive therapy 
prior to inclusion. 

Reported outcomes for irbesartan were relative risk reductions for the 
composite endpoint (death, ESRD or doubling of serum creatinine level) 
of 19% and 24% compared with placebo and amlodipine, respectively. 
The relative risk reduction for ESRD was 23%, for both irbesartan 
versus amlodipine and versus placebo, although these reductions were 
not statistically significant. The absolute risks for ESRD of irbesartan, 
amlodipine and placebo were 14%, 18% and 18%, respectively. There 
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were no significant differences between treatments in the rates of death 
from any cause or in the cardiovascular composite endpoint (including 
cardiovascular death, myocardial infarction and heart failure). 

Patients in the irbesartan group had significantly fewer adverse events 
per 1000 days of treatment than those in the placebo and amlodipine 
groups (p = 0.002). However, serious hyperkalaemia resulting in the 
discontinuation of treatment occurred more often in the irbesartan group 
(p = 0.01 for both comparisons).

Comments

Both RENAAL and IDNT report positive efficacy for ARBs in delaying 
ESRD, with fairly similar levels of relative risk reduction at 23-28%. When 
published, these results were highly relevant, as no previously published 
studies with hard endpoints on renal disease progression existed for ACE 
inhibitors in type 2 diabetic patients with nephropathy. Previously, it had 
been shown that ACE inhibitors were beneficial for type 1 diabetic patients 
with nephropathy, but this patient group differs in various aspects from 
type 2 diabetics (for example concerning demographic and metabolic 
factors).26 In both RENAAL and IDNT,4,5 the advantages of ARBs exceeded 
those attributable to reductions in blood pressure.  

In both trials, patients who were on ACE inhibitors prior to the study 
were switched to the studied drugs (ARBs) or placebo. In the literature, 
it has been suggested that discontinuation of ACE inhibitors for washout 
before trial could have potential effects on risk reductions.27 A subgroup 
analysis of RENAAL patients showed that relative risk reductions were 
rather similar between patients both previously and not previously 
receiving ACE inhibitors (close to the 28% average for both groups [29% for 
those previously on ACE inhibitors vs. 27% for those not]).28 This indicates 
that the switch away from ACE inhibitors will not have influenced the 
findings relevantly. Ideally, trials will be designed directly comparing both 
groups of drugs: ARBs versus ACE inhibitors.27

For newer ARBs – candesartan, olmesartan and eprosartan – large 
clinical trials in patients with type 2 diabetes were not yet available.29-31

Other Trials on ARBs

Other trials, discussed in the following subsections, have evaluated ARBs 
in patients with type 2 diabetes in stages of renal dysfunction that come 
prior to overt nephropathy, in particular microalbuminuria. 
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Incipient Nephropathy

IRMA-2
In the IRMA-2 study, 590 patients with type 2 diabetes, hypertension 
and microalbuminuria (urine albumin excretion of 20-200 μg/min) were 
randomised to receive irbesartan either 150 mg or 300 mg, or placebo 
once daily.6 After 2 years, the endpoint of overt diabetic nephropathy was 
reached in 14.9% of placebo-treated participants, and in 9.7% and 5.2% of 
those receiving irbesartan 150 mg and 300 mg, respectively (relative risk 
reductions of 39% and 70%, respectively).6

MARVAL
The MARVAL (MicroAlbuminuria Reduction with VALsartan) study 
was also performed in type 2 diabetic patients with microalbuminuria.32

This trial included patients with a blood pressure <180/105 mmHg at 
baseline; i.e. normotensive or moderately hypertensive. Patients (n = 332) 
were randomised to valsartan or amlodipine. Patients receiving other 
hypertensive agents were switched to the drugs under investigation. 
Endpoints in the study were defined by albuminuria levels: percentage 
change in urinary albumin excretion and proportion of patients returning 
to healthy albuminuria levels (<20 μg/min). Whereas similar changes 
in blood pressure were seen between treatments, valsartan lowered 
albuminuria significantly more than amlodipine (reductions of 44% and 
8%, respectively; p < 0.001). Further, the proportion of patients returning 
to normoalbuminuria was greater for valsartan than for amlodipine (30% 
and 15%, respectively; p < 0.001).

Type 2 Diabetes in General; LIFE Sub-study

The LIFE trial was conducted among 9193 participants aged ≥ 55 years 
with hypertension and left ventricular hypertrophy, among whom were 
1195 patients with type 2 diabetes, with 11% having clinical albuminuria at 
baseline.21,33 The trial – with a mean follow-up of 4.8 years – was designed 
to show beneficial effects of losartan compared with conventional 
antihypertensive therapy on left ventricular hypertrophy (a strong 
independent risk factor for cardiovascular morbidity and mortality). 
Overall, it was found that losartan prevented more cardiovascular 
morbidity and mortality than atenolol with, in particular, a statistically 
significant effect on stroke (risk reduction of 25% for losartan compared 
with atenolol; p = 0.001). In the diabetes substudy,33 the same conclusions 
were reached; losartan seems to have benefits beyond blood pressure 
reduction and decreasing albuminuria levels.  
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Additionally, development of microalbuminuria was reported significantly 
(p = 0.002) less often in the losartan than in the atenolol group. The 
prevalence of microalbuminuria in the diabetes substudy fell in the 
losartan group from 11% at baseline to 8% after approximately 5 years 
versus only a small reduction from 12% to 11% in the atenolol group.33

ACE Inhibitors in Type 2 Diabetes

HOPE and EUROPA (EURopean trial On reduction of cardiac events 
with Perindopril in stable coronary Artery disease)23,34 showed that ACE 
inhibitors provide significant reductions in cardiovascular morbidity and 
mortality versus placebo among patients with cardiovascular risk factors. 
Both studies included a large group of type 2 diabetes patients. 

A subanalysis of the HOPE study on patients with type 2 diabetes has 
been published.22 It showed that ramipril protects against nephropathy 
compared with placebo, when added to standard antihypertensive (other 
blood pressure-lowering drugs) therapy. In addition, a beneficial effect 
of ramipril was detected for diabetic patients on the composite endpoint 
of myocardial infarction, stroke and death from cardiovascular causes, 
with a relative risk of approximately 0.76 (95% CI 0.65, 0.92).22 As such, 
the HOPE study adequately combined nephrological and cardiovascular 
endpoints in type 2 diabetes patients.  

A further substudy of HOPE among diabetic patients explicitly 
investigated cardiovascular risks in relation to the nephrological marker 
albuminuria.35 The results indicated that the risk for cardiovascular 
events increases with increasing albuminuria levels. Therefore, authors 
concluded that screening for albuminuria identifies people at high risk for 
cardiovascular complications.  

The BENEDICT (The BErgamo NEphrologic DIabetes Complications 
Trial) study36 examined whether ACE inhibitors and non-dihydropyridine 
calcium channel antagonists, alone or in combination, prevented 
microalbuminuria (20-200 μg/min) in patients with hypertension, type 
2 diabetes, and healthy albuminuria levels. Results showed that patients 
using ACE inhibitors were less likely to progress to microalbuminuria 
than those receiving calcium channel antagonists. 

Further subanalyses for type 2 diabetes are planned, e.g. the 
PERTINENT (PERindopril Thrombosis, INflammation, Endothelial 
dysfunction and neurohormonal Activation Trial), a substudy of the 
EUROPA data.37,38
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Pharmacoeconomic Analyses

The methodology for economic evaluation of clinical trials is developing 
quickly. Various methods are now available, including the application of 
Fieller’s method, bootstrap approaches and assuming a bivariate normal 
distribution for mean costs and effects.39 Even short-term Markov models 
may be applied to the economic evaluation of clinical trials.40 The advantages 
are that the data used are all trial-based and only a limited number of 
assumptions may be required. Some of the clinical trials described above 
have been subject to such trial-based economic analysis. A major limitation 
of such analyses is the relative short time frame, which does not extend 
beyond the clinical trial period. For reimbursement studies, long-term 
analyses are often required.41 For that purpose, long-term Markov models 
are used.40 An example of such a model is provided in figure 1.  

In the following sections, we take a closer look at the economics of the 
RENAAL, IDNT and IRMA-2 studies. These results are summarised in 
table 1.

Death

2.0%

2.8%

2.3%

Nephropathy 4.6%

3.0%

Normal 
albuminuria

Micro - 
albuminuria

ESRD

1.4%

19.2%

100.0%

96.6%

94.2%

93.1%

80.8%

Figure 1  General Markov model (1-year cycle) for the progression of renal disease in type 2 
diabetic patients. Transition probabilities were estimated based on UKPDS (United 
Kingdom Prospective Diabetes Study).40,42 ESRD = end-stage renal disease.
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Table 1  Results of published pharmacoeconomic evaluations of clinical trials for 
angiotensin II receptor antagonists (ARBs) in patients with type 2 diabetes 
mellitus and renal disease

Study and country ARB Maximum Discount rate 
(% per year)

Net cost savings 
(per patient)

follow-up (y) costs effects [year of value]
RENAAL
US19

The Netherlands43

Losartan  4 3 NM $US3522 vs placeboa

(3.5y follow-up [2001]

Losartan  3.5 4 4 €4540 vs placeboa [2003]a [2003]a

IDNT
US20 Irbesartan 25 3 3 $US23 817 vs amlodipine

$US16 026 vs placeboa

(10y follow-up)
$US26 290 vs amlodipine
$US15 607 vs placeboa

(25y follow-up)
[2000]

Belgium12 Irbesartan 10 3 3 €15 000 vs amlodipine
€9000 vs placeboa [2002]a [2002]a

France12 Irbesartan 10 3 3 €20 000 vs amlodipine
€13 000 vs placeboa [2002]a [2002]a

Germany44Germany44Germany Irbesartan 10 5 5 €14 000 vs amlodipine
€9000 vs placeboa [2001]a [2001]a

UK45UK45UK Irbesartan 10 6 1.5 £5125 vs amlodipine
£2919 vs placeboa [2003]a [2003]a

IRMA-2
US46 Early & late 

irbesartanb
25 3 3 Early Irbesartan treatment:

$US11 922 vs controla

Late Irbesartan treatment:
$US3252 vs controla

[2000]
Spain47 Early 

irbesartan
25 3 3 Early Irbesartan 

treatment:
€11 082 vs controla [2002]a [2002]a

a Conventional therapy but no ACE inhibitors.
b Based on IRMA-2 linked to IDNT.
IDNT = Irbesartan Diabetic Nephropathy Trial; IRMA = IRbesartan in type 2 diabetes with 
MicroAlbuminuria; RENAAL = Reduction of Endpoint in Non-insulin dependent diabetes 
mellitus with Angiotensin II Antagonist Losartan; NM = not mentioned in the paper. 
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RENAAL

USA
RENAAL4 has been economically evaluated from a US health care 
perspective.19 The analysis included all direct costs related to the study 
medication and direct benefits of delayed dialysis costs (although a few 
transplantations occurred in the trial, all days with ESRD were assumed 
as dialysis costs). Additionally, health effects were considered in terms 
of avoided ESRD days during the trial. For the initial analysis, dialysis 
costs, losartan treatment and ESRD days were evaluated at various periods 
of patient follow-up. Monetary amounts in $US, year 2001 values, were 
discounted at 3%, according to US guidelines.48 The study indicated clear 
potentials for cost savings to be achieved with losartan, increasing with 
longer periods of patient follow-up. Net cost savings through averted 
ESRD days were achieved after losartan treatment for 2-2.5 years (break-
even point). After 4 years of patient follow-up, net savings were estimated 
at $US5300 per patient (95% CI 950, 9600; p = 0.017). Additionally, the 
authors calculated that the addition of losartan to the treatment of 100 
patients with type 2 diabetes and nephropathy could be expected to lead to 
a reduction of 9,2 person-years with ESRD over 3.5 years.19

The authors concluded that “Treatment with losartan in patients with 
type 2 diabetes and nephropathy, thus also resulted in substantial cost 
savings,” which corresponds with findings in the study of Alexander et al.49

and the European study of Gerth et al.50 The authors of RENAAL propose 
that this holds for the US situation for patient groups that are comparable 
to those in RENAAL. To be relevant, we add that cost savings should also 
persist within an analysis that uses no longer time frame than the within-
trial allows. All these limitations are discussed in the discussion section of 
this chapter. 

Europe
Information was obtained from the manufacturer of losartan28 and local 
health economics sources, enabling the investigation of pharmacoeconomic 
implications of RENAAL on European, Asian, South American and 
Canadian markets.

The within-trial analysis conducted from the Dutch healthcare 
perspective showed potential for cost savings with losartan. These cost 
savings increased with longer patient follow-up to €4540 per patient after 
3.5 years (2003 values; discount rate 4% according to Dutch guidelines;51

annual losartan costs approximately €400; annual dialysis costs €63 000).43

Further analysis for The Netherlands was conducted by our group, 
developing a Markov model describing the crucial transitions between 



Health-Economic Findings from Clinical Trials

31

disease states and using the cost data for losartan and dialysis as specified 
above. Our model was an adaption of one used previously,52 which 
focused on the outcome parameters nephropathy, ESRD and death. As 
previously stated, the primary advantage of a Markov model is that it 
enables investigation of potential developments beyond the limited trial 
horizon (for example, development of ESRD in patients in whom ESRD 
was successfully delayed beyond the trial horizon and who survived long 
enough to still develop ESRD). Furthermore, it provides a more flexible 
tool to vary assumptions than the within-trial analysis.

Annual transition probabilities for albuminuria stages were derived 
from the RENAAL trial by counting person-years in stages and relating these 
to annual transitions. These rates were reported in the original publication.4
Death rate in ESRD was taken from van Os et al.11 Transition probabilities 
for progression to ESRD on losartan and placebo were inserted in the model 
(derived from both arms of RENAAL). The difference between both options 
determined potential cost savings. In RENAAL, the mean number of days 
with ESRD was 31% lower in the losartan-treated group than in the placebo-
treated group after approximately 3.5 years. Next to this, the during-trial 
progression to ESRD was 37%. This is relatively high compared with 
previous estimates ate 0.5-4% per year for progression to ESRD in type 2 
diabetes patients with nephropathy.53,54 Also, in the framework of clinical 
treatment guideline development, this lower rate was previously suggested 
for Dutch type 2 diabetic patients with nephropathy.10 Therefore, a lower 
annual transition rate without losartan at 1.6% was assumed for progression 
to ESRD for secondary analysis. Simulations were run for a cohort of 1000 
type 2 diabetes patients with nephropathy over their remaining lifetime. 
Half-cycle corrections were made.40

Table 2 shows the application of the Markov model with RENAAL 
assumptions indicates increasing net savings with increasing net savings 
with increasing period of analysis. Long-term savings are almost 4-fold 
those in the short term. For validating the Markov model we note that 
predicted short term patient savings are similar to those measured in the 
within-trial analysis. Finally, the table illustrates that the Markov model 
did not reproduce short-term net savings if Dutch clinical guideline10

assumptions were inserted into the model. However, in the long-term, 
net savings were also estimated using these assumptions, which were 
previously assumed to best reflect the progression of the Dutch type 
2 diabetes patient. It should be noted that the current model lacks the 
inclusion of renal transplantation. Inclusion of these data might alter the 
results slightly, though we do not expect major changes in results and 
conclusions.
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Table 2  Estimated cost savings per patient calculated from the healthcare perspective, of 
adding losartan (vs placebo) to standard antihypertensive therapy in overt diabetic 
nephropathy type 2 diabetes patients, using a Markov Model (1-year cycle) with 
transition probabilities from (i) RENAAL19 or (ii) the Dutch Clinical Guidelines10

Time horizon (y) Cost savingsa (€a (€a b)

RENAAL19,43 CBO10

3.5 4,540 -330
7 11,400 780
25 16,800 4,260

a Negative cost savings indicate net costs.
b Year 2003 values
CBO = Centraal Begeleidings Orgaan voor de intercollegiale toetsing, Utrecht, 
The Netherlands (clinical guideline for Dutch medical specialists); RENAAL = Reduction of RENAAL = Reduction of RENAAL
Endpoint in Non-insulin dependent diabetes mellitus with Angiotensin II Antagonist Losartan.

IDNT

USA
A specific within trial analysis has not been published for the IDNT. However, 
such an analysis from the healthcare perspective has been performed as a part 
of a longer term Markov model analysis for the US ($US, year 2000 values), 
including three treatment strategies (irbesartan, amlodipine and placebo) 
and five outcome parameters: (i) nephropathy; (ii) doubling of serum 
creatinine level; (iii) ESRD managed with dialysis; (iv) ESRD managed with 
transplantation; or (v) death.20 Transition probabilities within the Markov 
model were taken from the clinical trial; US values were used and discounted 
at 3%. The short-term analysis based on the Markov model and limited to 
the mean period of patient follow-up of approximately 3 years indicated 
cost savings for irbesartan treatment compared with both amlodipine and 
placebo. Compared with placebo irbesartan conferred health gains in terms 
of days or years of life gained. Health effects for amlodipine and irbesartan 
over placebo were very similar, with a slight benefit for amlodipine.  

Extension of the time horizon of the Markov model changed this slight 
benefit in health gains for irbesartan. Table 1 illustrates that cost savings for 
irbesartan reach their maximum somewhere between 10 and 25 years (in 
fact 15 years), while health gains keep improving (not shown in table 1). 

The authors concluded that “this Markov model predicted that 
irbesartan would increase life expectancy and decrease costs of care in 
patients with type 2 diabetic nephropathy. Based on these results, irbesartan 
could have the potential to substantially reduce the clinical and economic 
burdens of patients with type 2 diabetic nephropathy.”



Health-Economic Findings from Clinical Trials

33

Europe
Three studies have been published – based on the IDNT and using the 
Markov model developed for the US using the healthcare perspective – 
providing evidence for the favourable pharmacoeconomic impact of 
irbesartan in European settings. These studies pertain to Belgium and 
France,12 Germany44 Germany44 Germany  and the UK.45

For Belgium and France, country-specific prices (2002 values), a 10-
year time horizon and 3% discounting were employed. Onset of ESRD 
was delayed and additional 1.5 years for irbesartan versus amlodipine and 
placebo. During the 10-year period, this delay in ESRD translated into gains 
of 0.13 life-years for irbesartan versus amlodipine and 0.26 life-years versus 
placebo. Irbesartan provided cost savings of €15000 and €9000 per patient in 
Belgium, and €20 000 and €13 000 in France, versus amlodipine and placebo, 
respectively, over the 10-year period. These results were found robust under 
a large range of plausible assumptions in the sensitivity analysis. 

The German study employed country-specific prices (2001 values), a 
time horizon of 10-years and discounting at 5% per annum. It was found that 
for German ‘IDNT-like’ patients, the cumulative incidence of ESRD would 
be lower on irbesartan (36%) than on amlodipine (49%) or placebo (45%). 
Additionally, irbesartan was estimated to save costs of €14 000 and €9000 per 
patient versus amlodipine or placebo, respectively, over the 10-year period.

For the UK, a time horizon of 10 years and discount rates for costs 
(2003 values) and effects of 6.0% and 1.5%, respectively, were used. Delay 
in onset ESRD with irbesartan led to cost savings of £5125 and £2919 per 
patient and improvements in discounted life expectancy of 0.07 and 0.21 
over 10 years versus amlodipine and control, respectively.45

In short, applications of the Markov model to European countries 
reaffirms the findings for the US: irbesartan appears to save costs and 
confer health gains for type 2 diabetes patients with nephropathy. 

IRMA-2

USA
Cost effectiveness for RAS intervention in the phase of incipient 
nephropathy (IMRA-2) has been studied in relation to the IDNT study 
(PRIME; PRogram for Irbesartan Mortality and morbidity Evaluations) 
using 2002 cost levels.5,6,8,46 Through linking these studies it could be 
investigated whether it is more cost effective to start with irbesartan at the 
stage of overt nephropathy or prior to that stage, in particular in incipient 
nephropathy. The initial problem was that IDNT and IRMA-2 did not link 
directly to each other. In particular, patients leaving IRMA-2 because of 
the diagnosis of nephropathy had a median urinary albumin excretion of 



Chapter 1

34

700 mg/day versus almost 2000 mg/day for patient entering IDNT. In terms 
of progression of disease, this means that there is a gap of approximately 
2-3 years between the two trials. 

To close the gap between the two studies, a state of early nephropathy 
was created in a Markov model (figure 2). Baseline transition probabilities 
in the Markov model were directly derived from the placebo arms of 
IRMA-2 and IDNT and corrected for the estimated relative risks of 
treatment with irbesartan 300 mg daily: 0.30 (95% CI 0.14, 0.61) in IRMA-
2 and 0.83 (95% CI 0.62, 1.11) in IDNT.46 The confidence intervals were 
used in probabilistic analysis using Monte-Carlo methods with a period of 
analysis of 25 years in each simulation. 

IRMA-2

IDNT

Micro -
albuminuria

 
Nephropathy

ESRD

 

Death

Nephropathy

Normal 
albuminuria

Micro  
albuminuria

ESRD

Figure 2  Markov model for the analyses of IRMA-2 (IRbesartan in type 2 diabetes with 
MicroAlbuminuria) and IDNT (Irbesartan Diabetic Nephropathy Trial).13

The estimated transition probabilities from IRMA-2 and IDNT changed 
from year to year, thus no single value could be indicated in this model.20,46

ESRD = end-stage renal disease.

Results were calculated for the US healthcare payer perspective with 
dialysis costs of $US60 133 and costs of irbesartan at $US573.05 annually.46

Starting with irbesartan in the microalbuminuric stage would avert >2 
years spent with ESRD per patient compared with conventional treatment 
(other antihypertensive drugs excluding ACE inhibitors). However, 
starting irbesartan treatment during nephropathy would only avert 146 
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days spent with ESRD per patient. The mean life expectancies would 
be 13 years on conventional therapy, 15 years for starting irbesartan in 
early nephropathy, and 13 for late treatment. Cumulative incidence of 
ESRD over 25 years would be 20% on conventional therapy, 7% with early 
intervention of irbesartan and 16% if irbesartan was applied later, i.e. only 
during overt nephropathy. Additionally, cost savings were estimated for 
early treatment with irbesartan. Total costs per patient were (discounted 
at 3%): $US28 872 for conventional therapy, $US16 859 for early irbesartan 
and $US25 529 for late treatment. Cost savings were as follows: $US11 
922 for early irbesartan, $US3252 for late irbesartan versus conventional 
treatment and $US8670 for early versus late irbesartan. The break-even 
point for early and late irbesartan versus conventional treatment was 
reached after approximately 10 and 5 years, respectively.46

Europe
Three studies based on IRMA-2 have also provided evidence for the 
favourable pharmacoeconomic impact of irbesartan for Spanish, Swedish 
and Swiss settings.47,55 In patients with hypertension, microalbuminuria and 
type 2 diabetes, early treatment with irbesartan reduced the incidence of 
ESRD, extended life and led to cost savings in these three different European 
settings. Only the analysis for Spain was published as a full research article. 
For that reason, only Spanish results are further described below. 

The same Markov model as used for the US (see section above) was 
used to simulate and analyse the situation in Spain. For the analyses form 
the third-party healthcare payer perspective, country-specific costs, a 25-
year time horizon and 3% discounting were used. Early treatment with 
irbesartan led to 0.88 avoided years of ESRD. During the 25-year period, 
discounted life expectancy was improved by 0.84 years, with corresponding 
per patient cost-savings of €11 082 versus conventional therapy. 

Discussion

Recent clinical trials have presented the first evidence on hard endpoints 
with respect to significant reductions in progression to ESRD with ARBs 
in type 2 diabetes patients with nephropathy (RENAAL and IDNT).4,5

These trials were evaluated economically in both the short- and the 
long-term, using within-trial analytic Markov model techniques for the 
US and European settings.12,19,,20,43-47,50,52-55 Results and conclusions were 
unequivocal: these drugs appear to confer both health gains and net cost 
savings compared with conventional (non-ACE inhibitor) therapy, i.e. 
they are dominant therapies. Additionally, the economic evaluation of 
the IRMA-2 study suggested that it would be cost effective to start ARB 
treatment even prior to the overt nephropathy stage.  
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Whether ACE inhibitors confer similar benefits in these patient groups 
is as yet unknown, but not unlikely given the related pharmacological 
properties of the two drug classes and circumstantial evidence. Apart 
from the DETAIL (Diabetes Exposed to Telmisartan And enalaprIL) trial, 
in which telmisartan was found to be not inferior to enalapril in providing 
renoprotection in type 2 diabetes patients, there are hardly any head-to-
head trial comparing ARBs and ACE inhibitors.56

Despite the absence of hard endpoint measurements on renal function 
for ACE inhibitors in type 2 diabetes, pharmacoeconomic analysis has 
been performed based on clinical trials with intermediate endpoints.57,58

These clinical trials were used by Golan et al.52 to estimate the progression 
rates in a Markov model developed to investigate the cost effectiveness of 
ACE inhibitors in the treatment and screening for type 2 diabetes. The 
additional net costs for treating all hypertensive diabetic patients with 
ACE inhibitors would be $US7500 per QALY gained compared with 
screening for microalbuminuria first and treating only those in whom it 
was detected.

Further evidence has been published on favourable cardiovascular 
outcomes for ARBs, among both type 2 diabetes patients and non-diabetics. 
For example, the recent LIFE trial showed that losartan was associated with 
a significant reduction in cardiovascular mortality among almost 1200 
patients with type 2 diabetes included in the trial, and provided a significant 
reduction in the incidence of diabetes among 8000 participants with 
hypertension.33,59 In economic evaluations of studies such as LIFE, ARBs 
have been shown to be potentially cost effective in type 2 diabetic patients 
with nephropathy. Comparable studies also exist for ACE inhibitors, for 
example the economic evaluation of HOPE for Germany60 and Sweden.61

However, none of these studies explicitly addressed cost effectiveness in 
patients with type 2 diabetes in relation to albuminuria levels.

In the systematic review by Strippoli et al.,62 similar effects on renal 
outcomes were found for ARBs and ACE inhibitors. There is a point of 
discussion in this meta-analysis suggesting cardiovascular and survival 
benefit with ACE inhibitors but not with ARBs in patients with diabetic 
nephropathy. The trials with ACE were placebo controlled with equal 
blood pressure control, resulting in a blood pressure difference in 
favour of ACE inhibitor treatment, whereas the ARB trials were actively 
controlled (vs standard therapy) with the objective being to obtain equal 
blood pressure control. This indirect comparison of ACE inhibitors with 
ARBs also raises the need for head-to-head comparison and possibly a 
combination of two different agents from each class to study effects on 
renal and cardiovascular outcomes, adverse effects63,64 (i.e. dry cough and 
angio-oedema) and mortality. If effects of ACE inhibitors and ARBs do 
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not differ significantly, costs of drugs involved become more important 
for reimbursement decisions.65 As the first ACE inhibitors are now off 
patent, this would favour this class of drugs. The DETAIL study56 showed 
equivalence in renal protection between ACE inhibitors and ARBs in 
patients with early diabetic nephropathy. This would suggest lower costs 
for ACE inhibitor treatment in type 2 diabetic patients with nephropathy. 
Unfortunately, the DETAIL study56 lacks pharmacoeconomic evidence 
and is not completely transferable to all patients with type 2 diabetes and 
nephropathy. There is a need for further investigation on the impact of 
patent expiries and subsequent cost consequences.

Long-term ‘real-world’ analyses are often required in national guidelines 
for ‘good pharmacoeconomic practice’ in supporting clinical guideline 
development or reimbursement decisions.14,15 Despite sophisticated 
methods having been developed for analysing economic data in clinical 
trials (including Fieller’s method, bootstrapping and power calculations 
for economic outcomes), such analyses are increasingly considered non-
optimal given lack of long-term and ‘real-world’ perspectives.2 On the 
other hand, decision makers feel uncomfortable with making healthcare 
payment decisions based on models with time horizons up to 25 years. 
Also, in the IRMA-2/IDNT model, break-even is obtained ‘only’ after 6 
years, which may still be considered longer than the typical time horizon 
of some decision makers. 

Positive results from the IRMA-2/IDNT model46 have been published 
or presented now for about ten countries.66 The same conclusions are 
found in all ten countries. Yet, it was also shown that the results were 
sensitive to the number of ESRD patients treated by dialysis and the yearly 
cost of dialysis. If there is a reduction in the latter cost in the future, the 
net savings obtained with irbesartan must be revised. Another issue in 
the transferability of such results over various countries is that the rate 
of progression from nephropathy to doubling of serum creatinine level, 
or the earlier progression from microalbuminuria to nephropathy, may 
be different among countries, because of not only ethnic aspects but also 
current management of patients, which is often less optimal than the 
management in the placebo and active arms of the IRMA-2/IDNT study.46

In summary, multi-country adaption models based on existing (multi-
country) trials are a good opportunity to calculate cost effectiveness based 
on sophisticated models and can be easily used by several countries. 
Despite this advantage, there are still local imperfections for such 
models that are mostly related to demographic factors and differences in 
populations (i.e. race). Reimbursement agencies often require analyses that 
are specifically tailored to their own country, e.g. evaluations of national 
screening programmes.67
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Conclusions

Economic evaluations of RENAAL, IDNT and IRMA-2 using different 
time horizons suggest ARBs versus conventional therapy to be cost saving 
in type 2 diabetes patients with nephropathy, largely because of the high 
costs of dialysis and transplantation. Cost savings are seen within about 6 
years. It is unusual to have an effective new treatment that may also be cost 
saving. Even in secondary prevention trials such as the 4S (Scandinavian 
Simvastatin Survival Study) on simvastatin in a group of high-risk 
patients, only a quarter of the treatment costs were earned back through 
cost savings.68

The economic profile of ACE inhibitors in this particular patient 
group has still to be elucidated. For reimbursement decisions and reference 
pricing classifications, a head-to-head trial comparing ACE inhibitors 
with ARBs is needed, next to building a pharmacoeconomic model with a 
proper time horizon taking all costs and effects (renal and cardiovascular, 
mortality and adverse effects) into account. 
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Summary

The Valsartan Heart Failure Trial (Val-HeFT) was a multinational 
randomised trial of valsartan versus placebo in a total of 5,010 patients with 
heart failure. During the study period, valsartan resulted in significant 
reductions in hospitalisations due to heart failure. 

The objective of this study was to evaluate the economic impact of 
valsartan in Dutch heart failure patients. 

Resource use during Val-HeFT was multiplied by Dutch cost estimates. 
Mean patient follow-up was 23 months and costs for hospitalisations 
were €617 lower among valsartan patients. Mean total costs for valsartan 
and placebo patients were €8,810 and €8,441, respectively, resulting in 
incremental costs of €368. In patients receiving an angiotensin-converting 
enzyme (ACE) inhibitor but no beta-blocker, these incremental costs were 
even lower (€171). There were overall net savings of €1,311 in patients not 
receiving an ACE inhibitor at baseline.  

Valsartan provides clinical benefits at modest costs in The Netherlands. In 
patients not receiving an ACE inhibitor at baseline, valsartan was dominant. 

Introduction

Cardiovascular diseases are still a great burden to healthcare budgets in 
Europe. In The Netherlands, the cost of cardiovascular diseases amounted 
to approximately 10% of total Dutch healthcare expenditures. Of these 
expenditures, 8% were due to heart failure.1 Congestive heart failure 
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(CHF) is a prevalent condition, affecting approximately 200,000 patients 
in The Netherlands.2 As in other European countries, the prevalence and 
incidence of heart failure is growing. It is a leading cause of hospitalisation 
in the elderly and is expected to continue to be a heavy economic burden 
to society owing to the ageing of many European populations. It is 
estimated that up to 70% of the healthcare budget spent on heart failure 
is due to (re)admissions to hospital.3 In The Netherlands, approximately 
25,000 admissions were recorded in 1999, representing an increase of 
approximately 75% compared with the early 1980s.4 There are, however, 
indications that age-adjusted hospitalisation rates are decreasing, probably 
owing to improvements of in the management of heart failure.1,4 Despite 
recent advances (i.e. pharmacotherapy and implementation of treatment 
guidelines), there is still much room for further improvement.1,5,6

In the light of the above, the Valsartan Heart Failure Trial (Val-HeFT) 
was designed to assess additional benefits of the angiotensin receptor 
blocker valsartan over already proven favourable long-term effects 
on mortality and morbidity of angiotensin-converting enzyme (ACE) 
inhibitors and beta-blockers in patients with heart failure.7 The Val-HeFT 
study can be characterised as a randomised, double-blind, multinational 
trial of valsartan. Benefits were defined in terms of reduced morbidity, 
mortality, disease-specific quality of life, heart failure-related symptoms 
and medical costs. Details and results of the Val-HeFT study are reported 
elsewhere.7 In short, the study enrolled 5,010 heart failure patients from 16 
countries, of which 11% were from the Netherlands. Mean patient follow-
up was 23 months. Patients with New York Heart Association (NYHA) 
class II, III, IV on a stable regimen of heart failure medication were eligible 
for inclusion. Patients were allocated to the valsartan group or placebo 
(added to background therapy). 

During the study follow-up, no statistically significant differences 
in mortality rates were found between the valsartan and placebo 
groups. However, valsartan showed a significant effect on the combined 
endpoint of mortality and morbidity (relative risk reduction = 13.2%; p 
= 0.009).7 Most of the benefit resulted from a 22.4% reduction in the risk 
of hospitalisation due to the worsening of heart failure.7 Patients who 
were not on a background therapy of ACE inhibitors did have mortality 
benefits: a 33% relative risk reduction of death during the Val-HeFT study. 
Maggioni et al. concluded from the Val-HeFT study that valsartan may 
offer an effective therapy in ACE-intolerant CHF patient.8

These risk reductions, together with an estimated favourable cost-
effectiveness in the USA9 and the recent registration of valsartan for 
treatment of chronic heart failure in The Netherlands, enhances the 
relevance of studying the economic impact of valsartan treatment for 
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heart failure in The Netherlands. The aim of this study was, therefore, 
to conduct an evaluation of the economic impact in The Netherlands of 
valsartan, based on the Val-HeFT study, including subgroup analyses. 

Patients and methods

General

To estimate the cost-consequence of valsartan in heart failure in The 
Netherlands, a country-specific adaptation of the Val-HeFT study results 
was applied. Country adaptation was undertaken by applying Dutch 
cost estimates and prices to the within-trial medical resource use for all 
patients participating in the Val-HeFT study. Approximately 80% of the 
participating patients were men and the mean age was approximately 63 
years (table 1). Persons using an angiotensin receptor blocker at baseline 
were excluded. Health outcomes included in this analysis comprise 
progression of heart failure, signs and symptoms of heart failure, total 
hospitalisations and hospitalisations due to heart failure. Widely accepted 
pharmacoeconomic methods were used.10

Data on medical resource use

Medical resource use data (hospitalisations, outpatient medical visits, 
home care visits and medical treatment) were collected at trial visits that 
occurred every 2 weeks for the first 2 months, after 4- and 6-months, 
and every 3 months for the remainder of the trial. Data were collected 
throughout the trial, irrespective of treatment compliance. 

The following resource use data were collected on the Val-HeFT case 
report form: (i) hospitalisation data involving admission and discharge 
dates, primary reason for hospitalisation (using ICD-coding), an indicator 
as to whether a local investigator deemed the hospitalisation to be due 
to heart failure and transportation to the hospital; (ii) outpatient data 
involving the number of consultations; and (iii) concomitant cardiovascular 
medications, including name, dose, indication, and start and end dates of 
the treatment(s). 

While the numbers of physician visits external to the clinical trial was 
collected on the Val-HeFT case report form, data revealed that the average 
number of provider visits was unexpectedly low. Therefore, as a proxy, 
the frequency of outpatient physician visits was imputed based on NYHA 
class. Patients with class II, III or IV heart failure were assigned one visit 
every 3 months, every 2 months and every month, respectively.
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Costing

The analysis was conducted from the healthcare perspective and only 
included direct medical costs. To correspond with the period in which 
Val-HeFT was conducted, all costs were estimated for 1999 price levels 
(€1 = Dfl2.20371 = US$1.21489). If appropriate, discounting was applied at 
3% per annum.10 Where needed, unit cost estimates from previous costing 
studies performed in The Netherlands were updated and corrected for cost 
increases using an average index for healthcare costs (http://www.cbs.nl). 

Inpatient and outpatient unit cost estimates (including variable and 
fixed costs, such as equipment, capital and overhead) for The Netherlands 
were obtained by the Institute for Medical Technology Assessment 
(iMTA). Further details on applied costing methodology can be found 
elsewhere.11,12 Table 2 shows the cost estimates for hospitalisations.  

The number of outpatient physician visits per patient was imputed 
according to the baseline NYHA classification. The costs of outpatient 
physician visits (€63.53 per visit) were based on national estimates 
according to the Dutch guidelines for pricing in pharmacoeconomic 
analyses.13 Patients who were transported to the hospital by ambulance 
were assigned an ambulance transport at costs of €334.89 according to the 
specific guideline.13

The costs for medication were based on average daily costs per drug 
class using official Dutch drug prices.14 Nine drug classes were identified 
(diuretics, digitalis, statins, anticoagulants, ACE inhibitors, beta-blockers, 
nitrates, calcium channel blockers and aspirin) and the average daily dose 
was determined using the 2000 Drug Facts and Comparisons.15 Medication 
costs were calculated by multiplying treatment duration with average daily 
costs per class. Daily costs of valsartan of €0.68, €1.36 and €2.01 were used 
for daily doses of 80 mg, 160 mg and 320 mg, respectively. Deaths that 
occurred outside the hospital were identified by death dates beyond 2 
days of hospital discharge. The cost of a death outside the hospital was 
recalculated from the assumed US$1,000 in the US economic study, using 
purchasing power parities for the Dutch guilder in 1999 and an exchange 
rate for the guilder and Euro (€1 = Dfl2.20371). The cost estimates for 
hospitalisation in the Netherlands are shown in table 2.
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Table 1 Patient characteristics at baseline of the Valsartan Heart Failure Trial (Val-HeFT)

Characteristics Val-HeFT (n = 5,010)
Age, mean (sd) (years) 62.7 (11.0) 
Male sex 4,007 (80.0)
Race/ethnicity
White 4,526 (90.3)
Black 344 (6.9)
Asian 140 (2.8)
CHF aetiology
Coronary heart disease 2,865 (57.2)
Idiopathic cardiomyopathy 1,560 (31.1)
Hypertension† 337 (6.7)
Otherc 248 (5.0)
NYHA classification$

II 3,095 (61.8)
III 1,813 (36.2)
IV 97 (1.9)
Concomitant medications
Beta-blockers 1,750 (34.9)
ACE inhibitors 4,644 (92.7)
Digitalis 3,374 (67.3)
Diuretics 4,282 (85.5)
Anti-arrhythmia agents 724 (14.5)
Left ventricular ejection fraction (mean) (sd) 27.6% (7.2)

CHF, congestive heart failure; NYHA, New York Heart Association; ACE, angiotensin-
converting enzyme.
*Values are expressed as number (%) unless otherwise indicated.
†Data were missing for two patients.
‡Data were missing for one patient.
$Five patients had NYHA class I heart failure.
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Table 2 Cost for hospitalisations in The Netherlands in 1999*

Diagnosis Cost estimate
Heart failure €4,795
Unstable angina €3,916
Acute MI €5,823
Sudden death with resuscitation €494
Coronary angiography €1,210
PTCA with stent €4,208
PTCA without stent €3,511
Heart transplant €24,112
Stroke €5,404
Pulmonary embolism €2,543

MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty.
*Specific costing research done by the Institute of Medical Technology Assessment (iMTA), 
Erasmus University (data available on request) and based on literature.11,12

Statistical analysis

The analysis was conducted on an intention-to-treat basis. Because of the 
relatively large sample size, means were assumed to be normally distributed. 
T-tests were, therefore, applied to compare means between treatment 
groups.16 As further explained in annex 1, the t-test is an adequate test 
here. The χ2here. The χ2here. The χ  test was used to test the hypothesis that the proportion of 
patients not hospitalised at all during the trial was equal between groups.

Subgroups

Subgroup analyses were defined based on ACE inhibitor use at baseline, 
beta-blocker use at baseline, gender, age and NYHA classification. Our 
subgroup analyses corresponded with those reported previously on 
clinical outcomes. 

Results

Clinical and health outcomes from the Val-HeFT study

The incidence of the combined endpoint of morbidity and mortality 
in the valsartan group – defined as a cardiac arrest with resuscitation, 
hospitalisation for heart failure on receipt of intravenous inotropic or 
vasodilator therapy for at least 4h – was lower than in the placebo group 
(relative risk (RR) = 0.87; 95% confidence interval (CI) 0.77-0.97).7 This was 



Health-Economic Findings from Clinical Trials

51

predominantly due to 22.4% fewer heart failure-related hospitalisations (p 
= 0.002).17 Overall mortality was similar in the valsartan and the placebo 
group. The mean change in ejection fraction was significantly better in 
the valsartan group (4.0% vs. 3.2%; p = 0.001), and more patients improved 
in NYHA classification and fewer worsened relative to placebo (23.1% vs. 
20.7% and 10.1% vs. 12.8%, respectively; both p < 0.001).7

In 3,010 patients, the ‘Minnesota Living with Heart Failure’ 
questionnaire was administered to assess the impact of disease-specific 
quality of life. While quality of life remained virtually unchanged in the 
valsartan group, the placebo group showed a worsening of 1.9 points on 
average, which was statistically significant (p = 0.005).7,18

Resource use

On average, heart failure-related hospitalisations per patient over the study 
follow-up 0.4 and 0.5 in the valsartan and placebo groups, respectively 
(table 3). This difference was statistically significant. Moreover, the number 
of all-cause hospitalisations per patient was significantly reduced (table 3). 
Since there were no differences in hospital admissions between groups for 
reasons other than heart failure, differences in all-cause hospitalisations 
reflect the differences found in heart failure-related hospitalisations.7
Inpatient days per patient with heart failure-related hospitalisation 
were significantly lower for valsartan. Significantly more patients in 
the valsartan group did not require heart failure hospitalisation during 
the trial (χ2the trial (χ2the trial (χ  test, p = 0.004). For all-cause hospitalisations, no statistical 
significant difference was found between the groups (χ2significant difference was found between the groups (χ2significant difference was found between the groups (χ  test, p = 0.224). 

Table 3  All-cause and heart failure-related hospitalisations, mean hospitalisations and 
inpatient days per patient, differences and corresponding p-values9

Valsartan 
(n = 2,511)

Placebo 
(n = 2,499)

Difference p-valuea

All-cause hospitalisations
Total number 2,856 3,106
Hospitalisations per patient 1.14 1.25 –0.11 0.039
Inpatient days per patient 9.82 10.97 –1.15 0.066
Heart failure-related hospitalisations
Total number 923 1,189
Hospitalisations per patient 0.37 0.48 –0.11 <0.001
Inpatient days per patient 3.51 4.81 –1.30 <0.001
*Based on t-test
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Direct medical costs

On average, additional costs for valsartan amounted to €1,055 for the 
entire follow-up period per patient (€535 per patient per year) compared 
with placebo. The major part of these additional costs was compensated 
by savings on other healthcare resource use (table 4). Primarily owing to a 
lower incidence of heart failure hospitalisations and shorter length of stay, 
the mean heart failure-related costs were €617 lower in the valsartan group 
than in the placebo group. Statistical analysis showed that these savings 
were significant (95% CI €267-968; p < 0.001). Total inpatient and outpatient 
costs resulted in incremental cost of €368, which should be weighted against 
clinical and health status benefits of valsartan compared with placebo.

Table 4  Economic impact of valsartan per patient with heart failure in The Netherlands, 
based on the Valsartan Heart Failure Trial (Val-HeFT)7,9

Resource Valsartan Placebo Difference† p-value‡

Inpatient costs*

Heart failure-related €1,711 €2,328 –€617 <0.001
Other €4,115 €4,131 –€16 0.961
Total inpatient cost €5,826 €6,459 –€633 0.098
Death outside the hospital €102 €103 –€1 0.902
Cardiovascular medication €1,270 €1,322 –€52 0.016
Outpatient physician visits €557 €558 –€1 0.851
Cost of valsartan €1,055 €0 €1,055 —
Total inpatient and outpatient costs €8,810 €8,442 €368 0.336
*Inpatient costs comprise costs for hospitalisations, ambulance transport and inpatient 
physician fees.
†Negative values indicate cost savings of valsartan compared with placebo.
‡Calculated using t-test.

Subgroup analyses

In patients not receiving ACE inhibitors at baseline (n = 366), valsartan 
treatment resulted in significant improvement in all-cause mortality 
(17.3% vs. 27.1%; RR = 0.67; p = 0.017) and significant difference in the 
composite combined mortality and morbidity endpoint (24.9% vs. 42.5%; 
RR = 0.56; p < 0.001).8 Moreover, the rates of first hospitalisation for heart 
failure were 13.0% and 26.5% for valsartan and placebo, respectively (RR 
= 0.47; p < 0.001).8 These findings were observed regardless of concomitant 
beta-blocker use. A 56% risk reduction in the total number of heart 
failure-related hospitalisations (and no difference in non-heart failure 
hospitalisations) due to valsartan led to substantial savings on healthcare 
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costs of €2,290 per patient (table 5). The total inpatient and outpatient cost 
per patient in the valsartan group was €1,311 less than the total cost in the 
placebo arm of Val-HeFT. 

In a second subgroup analysis of patients using an ACE inhibitor at 
baseline but no beta-blocker (n = 3034), significant survival gains were not 
demonstrated. However, in this subgroup of patients the net incremental 
costs for valsartan treatment were only €171, primarily caused by relatively 
high cost-savings on heart failure-related hospitalisations (€853 per patient). 

Analysis of age (above or below 65 years) resulted in lower net 
incremental costs of valsartan in the under 65 age group (€75 vs. €747). 
For men, who constituted the majority of patients, the incremental cost of 
valsartan was lower compared with women (€241 and €879, respectively). 
Treatment with valsartan in patients with heart failure classified as NYHA 
class II or III at baseline was associated with net incremental costs of €341 
and €574, respectively. In a small subgroup of patients classified as NYHA 
class IV at baseline (n = 97), valsartan treatment was associated with total 
net savings of €939.

Table 5  Economic impact of valsartan per patient with heart failure in The Netherlands, 
based on the Valsartan Heart Failure Trial (Val-HeFT) study: subgroup analysis 
op patients without angiotensin-converting enzyme inhibitor at baseline7-9

Resource Valsartan Placebo Difference† p-value‡

Inpatient costs*

Heart failure-related €996 €3,286 –€2,290 <0.0001$

Other €4,101 €4,162 –€61 0.948
Total inpatient cost €5,097 €7,448 –€2,351 0.037$

Death outside the hospital €82 €140 –€58 0.070
Cardiovascular medication €704 €676 €28 0.647
Outpatient physician visits €575 €579 –€4 0.864
Cost of valsartan €1,074 €0 €1,074 —
Total inpatient and outpatient costs €7,532 €8,843 –€1,311 0.244
*Inpatient costs comprise costs for hospitalisations, ambulance transport and inpatient 
physician fees.
†Negative values indicate cost savings of valsartan compared with placebo.
‡Calculated using t-test; $indicates statistical significance.

Discussion 

The Val-HeFT study has shown a statistically significant decrease in 
hospitalisations for patient with heart failure with a subsequent significant 
reduction in average costs for heart failure-related hospitalisations of 
€617 per patient. This corresponds to a total net additional costs of 
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€368 per patient during 23 months of patient follow-up (approximately 
€192 annually) and €3,346 per hospitalisation averted. In patients not 
receiving an ACE inhibitor during the trial, valsartan was estimated to be 
cost-saving, with €1,311 lower total costs due to a statistically significant 
reduction in costs for heart failure-related hospitalisations of €2,290 (p 
< 0.0001). Our analysis was designed as a cost-effectiveness analysis, but 
the analysis resulted in cost-savings, which were not spelled out against 
known health gains in terms of hospitalisations averted. 

In the Val-HeFT study design, valsartan or placebo was added to other 
heart failure therapy. Val-HeFT showed that, at moderate incremental costs, 
valsartan resulted in positive health gains overall and that valsartan turned 
out to be cost-saving in a group of patients not receiving ACE inhibitors 
at baseline. Therefore, in daily practice, valsartan may lead to cost-savings 
in ACE-intolerant patients.8 This corresponds with earlier findings and 
conclusions from other studies.9,19 Maggioni et al reported that the 7% of 
patients included in the Val-HeFT study not receiving an ACE inhibitor 
were likely to be ACE-intolerant.8 Corresponding to this, Bart et al20

confirm the reasoning that ACE intolerance is the most common reason for 
not using ACE inhibitors, with an estimated intolerance of approximately 
10% of the cases. Previous percentages suggest that those patients excluded 
during Val-HeFT for receiving angiotensin receptor blockers at baseline 
constitute only a few percent of all ACE-intolerant patient eligible for Val-
HeFT, and so the majority of ACE-intolerant patients may still have been 
included in the trial despite this explicit exclusion criterion.  

In the Dutch reference pricing system for reimbursement, angiotensin 
receptor blockers were recently de-clustered from ACE inhibitors, despite 
the fact that these drugs have similar indications for lowering blood pressure, 
are based on similar mechanism of action, and results from clinical trial 
show comparable efficacies. Angiotensin receptor blockers may, however, 
be preferred in specific patients (i.e. with diabetes mellitus, heart failure 
or renal insufficiency) and when side-effects on ACE inhibitors (such as 
cough) occur.20,21 On a European level, recently valsartan, in addition to 
essential hypertension, was approved for registration in the treatment of 
patients with recent myocardial infarction with left ventricular systolic 
dysfunction and symptomatic heart failure. Owing to these developments 
and based on studies in recent years, guidelines for the management of 
heart failure now more often focus on the position of angiotensin receptor 
blockers (i.e. valsartan) in current treatment options.6,22-25 The current 
analysis of the Val-HeFT study also indicates that from an economic 
viewpoint valsartan may offer an attractive treatment option in CHF.  

Our evaluation adds European information (The Netherlands) on 
the economics of the Val-HeFT study to an already previously performed 
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analysis for the USA.9 This is highly relevant as many national and 
regional factors influence the economic analysis, including differences in 
the system and cost prices.  

Adjustments for between-country differences in practice patterns 
or patients characteristics were not carried out. Such adjustments would 
be difficult to make in practice and would rely heavily on assumptions. 
However, country adaptations based on clinical trials such as ours do 
represent an adequate tool to estimate the cost consequences of specific 
interventions. In general, calculations can easily be conducted using 
country-specific costs based on different assumptions. Despite these 
assumptions, imperfections can be found in the transferability of data 
from clinical trials between countries (i.e. demographic factors). Ideally, 
our analysis would be based on Dutch trial outcomes (effects) and costs. 
Therefore, our study should be interpreted carefully and estimated positive 
economic and clinical implications of valsartan use require confirmation 
in analysis of daily practice utilisation. 

Economic evaluation of the Val-HeFT study adapted to the Dutch 
situation, with a favourable pharmacoeconomic profile for valsartan, 
indicates that drug prices alone do not provide a sufficient economic 
picture. Downstream cost-savings resulting from efficiency considerations 
can offer opportunities to control further the Dutch healthcare budgets 
and approach optimal treatment choices within such budgets.  

In conclusion, valsartan provided benefits at modest costs in The 
Netherlands for patients with CHF. In patients not receiving an ACE 
inhibitor at baseline, valsartan turned out to be the dominant treatment 
strategy, with net cost-savings and health benefits. For the Dutch situation, 
it therefore seems justifiable, both from a clinical and an economic point 
of view, to at least treat ACE-intolerant patients with valsartan.
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Annex
Skewed Distribution of Hospital Admissions Complicates Cost 
Analyses; Pitfalls in Judging Cost Reductions 
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During the Valsartan Heart Failure Trial (Val-HeFT) study, the effect 
of the angiotensin-II-antagonist valsartan in addition to conventional 
therapy for heart failure was compared with placebo.1-3 In total 5,010 
patient were assigned to valsartan (n = 2,511) or placebo (n = 2,499). 
Important outcomes of this study are summarised as follows:
i.  no difference in mortality;
ii.  a higher percentage of patients with heart failure-related hospitalisa-

tions for placebo-treated groups during study follow-up (p = 0.004);
iii.  No decrease in quality of life for valsartan-treated patients versus 

decrease in quality of life for placebo-treated patients (p = 0.005).
An important question following from these findings relates to the 

translation into economic outcomes and subsequent consequences. For 
example: does ‘more patients without hospital admission’ likewise translate 
in a decrease in total length of hospital stay or is this compensated by more 
admissions per admitted patient and/or longer length of stay per hospital 
admission? Does decrease in hospital admissions and/or length of stay also 
translate in less health care costs?

To answer similar questions, it is important to focus on the judgement 
of difference in health care resource use and costs between the intervention 
group and reference group of such clinical trials.

Analysis

By approximation, figure 1 shows the frequency-distribution of per patient 
number of heart failure related days of hospital admission of valsartan-
treated patients during the 23 months study follow-up of Val-HeFT. A 
comparable distribution holds true for the placebo-treated group. The 
distribution found is typically for and often seen in the analyses of health 
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care resource use and costs based on clinical trials: the distribution 
is bimodal (two ‘peaks’) and skewed (long ‘tail’ to the right). In a 
pharmacoeconomic analysis, the distribution of costs is often skewed due 
to low percentages patients with relatively extreme high costs through e.g. 
medical complications, prolonged hospital stay or occurrence of adverse/
side effects.4 In the example of the Val-HeFT study, the typical shape of 
the curve is on the one hand caused by an enormous group of patients 
without hospital admissions and/or no length of stay (79%, n = 1,974), and 
on the other hand a separate distribution of the length of stay of patients 
who were at least hospitalised twice, which results in the second ‘peak’. 
Obviously, the shape of the curve is anything but not following the shape 
of a normal distribution (‘Gauss-curve’).

The mean per patient length of stay from figure 1 corresponds 
with 3.5 and 4.8 for the valsartan-treated and placebo-treated groups 
respectively. How do we have to judge the difference found, in the light 
of the typical kind of distribution found (bimodal and skewed)? Is there 
a statistical significant difference between the means in both groups 
or in other words is the difference in per patient length of hospital stay 
between both groups really relevant or is this difference caused by chance? 
The t-test is the conventional statistic test for comparison of two means. 
Therefore, this test was also used for the economic analysis based on the 
Val-HeFT study for the United States (p < 0.001).3 Additionally, the t-test 
was also used for comparison of per patient costs for (length of) hospital 
stay: US$1,588 per patient versus US$2,010 per patient for valsartan and 
placebo, respectively (p = 0.005). Note that per patient hospital costs follow 
the same bimodal skewed distribution as length of stay (days of nursing 
care). Applying the t-test for means is based on the assumption that 
variances (as a measure for the spread of the distribution) are the same 
in both groups and the assumption that both means follow the normal 
distribution by approximation. As mentioned earlier, figure 1 suggests 
something different. 

Conform the central limit theorem, means found for both the 
intervention and reference group in large studies as the Val-HeFT study, 
will by approximation be normally distributed. Therefore, despite the 
individual patient data which are not following the normal distribution, 
likely indicates that the t-test is an adequate test.5,6 This probably does 
not hold true for a subanalyses of the original study for a much smaller 
number of patients; e.g. a subanalysis was conducted on Val-HeFT data 
for patients with NYHA-class IV heart failure (n = 97; 42 in the valsartan 
group and 55 in the placebo group).

In case of small numbers of patients and skew distribution of costs, the 
use of the t-test becomes doubtful. As a rule of the thumb for the validity of 
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the central limit theorem n > 30 is generally used, but it is known that this 
does not always hold true for asymmetric distributions which are typical 
for cost-data.7 Although, the t-test is known as robust – not all deviations 
from earlier mentioned assumptions will have little effect – it is not possible 
to exactly indicate when the t-test will not longer result in valid results.5,6

1

10

100

1000

10000

Fr
eq

ue
nc

y

0 5 10 15 20 25

Inpatient days per stay

Figure 1  Distribution of number of inpatient days per stay in the valsartan group of the 
Val-HeFT study (y-axis is logarithmic).3

Alternative tests

In literature, different recommendations were done for analysing 
skewed distributed data on health care resource use and costs. First and 
foremost, the (natural) logarithmic transformation has been described 
to overcome problems related to normal distributed distributions and 
dissimilar variances. By taking the (natural) logarithm of the individual 
observations, the sampling test will possibly better approximate the 
normal distribution. However, applying the t-test on log-transformed 
data entails another problem: instead of arithmetic means, geometric 
means are compared. The geometric mean is the exponent of the mean of 
logarithmic transformed data (= e(mean log data)) and is mostly situated close 
to the median.5,6 In pharmacoeconomics, we are mainly interested in the 
(arithmetic) means. After all, mean costs per patient multiplied with the 
number of patients finally determine total cost of health care.  

Also non-parametric tests can be considered for comparison of health 
care resource use and costs. Such methods do not make assumptions on 
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the underlying distribution. A well-known example is the Mann-Whitney-
Wilcoxon-test.5 A great disadvantage of non-parametric tests can be 
found in the fact that it compares the location of the distributions instead 
of means. In case of skewed distributions, you actually are comparing 
medians.6 Next to this, there are different bootstrap-methods described for 
comparison of mean costs of two groups.4,8 Bootstrap-methods are mostly 
used to empirically estimate the sampling distribution.9 The validity 
here is, just as for the central limit theorem, dependent of the number of 
patients. Ergo, if the central limit theorem does not hold true due to small 
patient numbers, the bootstrap-method is in fact for the same reason not 
an alternative. 

O’Hagan and Stevens10 in general argue that often used methods 
based on the normal distribution of bootstrap-methods are incorrect 
in analysing skewed data on health care and costs. They plead for using 
adequate parametric models. If cost-data would for example follow a log-
normal distribution, than not the mean from the study but e(mean + variance/2)

would give the best estimation of the population-mean. Parametric 
models/methods indeed give the best outcomes if the exact underlying 
distribution is known, but these distributions are most of the time 
unknown.5,6 Next to this, data concerning costs for pharmacoeconomic 
analysis are in general combinations of different types of health care 
resource use (drugs, inpatient days, diagnostic tests, etc.) with their own 
distribution. Therefore, the distribution of total costs can hardly or not be 
described by a parametric model. 

Briggs and others11 argue that it is in general improbable that use of 
means from the study will result in invalid conclusions and that use of 
parametric models only has added value in case of sufficient available data 
to estimate the real distribution. Next to this, they showed that using the 
earlier mentioned estimator (emean + variance/2)) possibly results in misleading 
results when the real distribution slightly differs from the log-normal 
distribution.

Recommendations

In general, the t-test is a valid method for analysing means of health care 
resource use and costs in a clinical study. Use of parametric models is only 
preferred if the underlying distribution is exactly known or in case of an 
enormous number of patients which facilitates in an accurate estimation 
of the distribution. For relative small study populations one should be 
aware of the fact that real alternatives for the t-test are difficult to give.
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Abstract

Background: The Losartan Intervention For Endpoint reduction (LIFE) 
study was a randomized, double-blinded trial comparing effects of losartan-
based treatment with those of atenolol-based treatment on cardiovascular 
disease (CVD)-related morbidity and mortality in 9193 patients with 
hypertension and left ventricular hypertrophy (LVH). Compared with 
atenolol, losartan reduced the combined risk of CVD-related morbidity and 
mortality by 13% (P = 0.021), and reduced the risk of stroke by 25% (P = 0.021), and reduced the risk of stroke by 25% (P P = 
0.001), with comparable blood pressure control in both trial arms. 
Objective: The aim of this study was to analyze the cost-effectiveness 
of losartan compared with atenolol in the prevention of stroke from the 
Dutch health care perspective. 
Methods: Utilization of losartan and atenolol within the trial period 
(mean, 4.8 years) and an estimation of direct medical costs of stroke for the 
Netherlands were combined with estimates of reduction in life expectancy 
through stroke. Medication costs and stroke incidence during 5.5 years of 
patient follow-up were estimated separately, adjusted for the baseline degree 
of LVH and Framingham risk score. To estimate lifetime stroke costs, the 
cumulative incidence of stroke was multiplied by the lifetime direct medical 
costs attributable to stroke. All costs are in 2006 Dutch prices and discounted 
following the former (4% costs and effects) and new Dutch guideline (4% 
costs, 1.5% effects) for conducting pharmacoeconomic analyses. 
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Results: With 4% discounting, prevention of stroke was associated with 
a gain of 3.7 life-years. As a consequence, losartan treatment resulted in 
0.059 life years gained per patient treated with losartan. Losartan reduced 
stroke-related costs by €1076 (US $1349) per patient. After inclusion of 
study medication cost, net cost per patient was €51 ($64) higher for losartan 
than atenolol. The net cost per life year gained (LYG) was €864 ($1083), 
which is below the Dutch pharmacoeconomic threshold of €20,000/LYG 
(about ~$25,000/LYG) for accepting interventions. The corresponding 
probability of a cost-effectiveness ratio below this Dutch threshold was 
0.95. Discounting money and health following the new Dutch guideline 
resulted in an even more favourable cost-effectiveness for losartan. 
Conclusion: Results from the present analysis suggest that, in the 
Netherlands, treatment with losartan compared with atenolol may well be 
a cost-effective intervention based on the reduced risk of stroke observed 
in the LIFE-trial. 

Introduction

Cardiovascular disease (CVD) is a major cause of mortality and morbidity 
in the Netherlands as well as in many other countries.1 Due to ageing of 
the population, CVDs present a heavy and growing burden to society.2,3

In the Netherlands, costs of CVDs amount up to 10% of the total health-care 
budget, of which ~28% is related to stroke.4 Stroke accounts for ~3% per year 
of the total health care costs in some countries, including the Netherlands.2,5,6

Based on demographic changes and treatment improvements associated 
with improved life-expectancies for surviving patients with stroke, an 
increase in the prevalence of future strokes can be expected.7-9 Direct costs 
for stroke consist mainly of costs for institutional care (e.g. hospitalization, 
nursing home, rehabilitation center), of which costs of hospitalizations are 
dominant in the first year after stroke and nursing home costs dominate 
in the remaining lifetime.2,5,10-16 Despite improvements, only a few effective 
treatments are available for managing stroke. Hypertension is an important 
risk factor contributing to the risk of CVDs, including stroke.17,18 Thus, 
primary prevention in patients with hypertension through blood pressure-
lowering agents may offer a relevant opportunity to reduce the medical and 
economic burden caused by stroke.17,19

The Losartan Intervention For Endpoint reduction (LIFE) study20,21

was designed to assess the long-term effects of the angiotensin-II receptor 
blocker (ARB) losartan compared to those of the β-blocker atenolol in 
hypertensive patients with left ventricular hypertrophy (LVH) on the 
combined endpoint of CVD-related morbidity and mortality. Losartan 
resulted in a statistically significant effect on the combined endpoint, 
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notably due to 25% reduction in the incidence of stroke (Relative Risk 
[RR]=0.75; P=0.001).21 The LIFE-study found that losartan may prevent 
stroke and stroke-associated morbidity, despite comparable blood 
pressure control for both atenolol and losartan. Based on a literature 
review, Díez22 suggested that losartan (and other ARBs) possibly has 
properties, independent of the antihypertensive effects, that are associated 
with a lower prevalence of stroke as found during the LIFE-study. In this 
economic analysis, the findings of the LIFE-study were adapted to the 
Dutch situation to estimate the cost-effectiveness of preventing stroke by 
means of treatment with losartan compared with treatment with atenolol.  

In The Netherlands, losartan has been approved for treatment of 
essential hypertension, for type 2 diabetes with comorbid proteinuria (to 
delay progression of kidney failure), and hypertension in patients with LVH 
(to reduce the risk of cardiovascular morbidity and mortality). Our study 
analyzed the pharmacoeconomic profile of losartan. Next to evidence 
with respect to the effectiveness of treatment, costs and cost-effectiveness 
become more and more important not only for reimbursement costs of 
the medications used but also but also reductions in other direct costs 
(i.e., hospitalizations, rehabilitation, etc.) contribute to possible lower 
total costs or even cost-savings within a health-care system. For the 
treatment of essential hypertension, antihypertensive agents other than 
ARBs (e.g., losartan) are recommended in treatment guidelines general 
practitioners,23 as these generally cheaper agents have been associated 
with sufficient blood pressure control. In patient groups with more 
severe disease, significantly favourable results – in terms of lower risk for 
cardiovascular and renal disease – were found for ARBs compared with 
other antihypertensive agents. Previous comparable analyses of losartan 
and other ARBs have found economic favourability (cost-savings) in type 
2 diabetes with nephropathy.24,25 To calculate the cost-effectiveness of 
losartan treatment in patients with LVH, results from the LIFE study were 
applied to the Netherlands. 

Methods

Design LIFE-study

The study design and results of the LIFE-study have been reported 
elsewhere.20,21 The LIFE-study was a randomized, double-blinded trial 
comparing effects of the ARB losartan with those of the β-blocker atenolol 
on CVD-related morbidity (stroke and myocardial infarction) and 
mortality. The LIFE population consisted of 9193 hypertensive patients 
from >800 clinical centers in different countries (Scandinavian countries, 
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the United Kingdom, and the United States) were included. Eligible 
participants were aged 55 to 80 years, had essential hypertension (systolic/
diastolic blood pressure of 160-200/95-115 mm Hg) and LVH (ascertained 
by electrocardiography) and were assigned to once daily losartan or atenolol, 
administered for a mean (SD) duration of 250 (47) weeks. For at least 4 years, 
doses of losartan and atenolol (mean [SD] doses, 82 [24] and 79 [26] mg, 
respectively) were increased in attempt to lower blood pressure to a target 
of <140/<90 mm Hg. Patients were regularly monitored and followed up for 
at least 4 years and until then 1040 patients had reported a primary end 
point (stroke, myocardial infarction or cardiovascular death). Baseline 
demographic, clinical characteristics and medical history of participating 
patients are presented in table 1, which shows that the losartan and atenolol 
groups closely matched with respect to the baseline characteristics.  

The LIFE-study showed a statistically significant reduction for losartan in 
the combined end point of stroke, myocardial infarction and cardiovascular 
death of 13% as compared with atenolol with comparable blood pressure control 
(RR = 0.87; 95% CI: 0.77-0.98; P = 0.021). For single endpoints of myocardial 
infarction (RR = 1.07; 95 %CI: 0.88-1.33; P = NS) and CVD-related death (RR 
= 0.89; 95% CI: 0.73-1.07; P = NS), no statistically significant differences were P = NS), no statistically significant differences were P
found between losartan and atenolol. However, for the single endpoint of stroke, 
losartan was associated with a significantly (25%) lower incidence (RR = 0.75; 
95% CI: 0.63-0.89; P = 0.001) compared with the atenolol-treated group.P = 0.001) compared with the atenolol-treated group.P 21 In 
addition, the incidence of new-onset diabetes was 25% lower with losartan than 
with atenolol (RR = 0.75; 95% CI: 0.63-0.88; P = 0.001), the adverse event profile P = 0.001), the adverse event profile P
was more favourable, and the number of patients remaining on treatment was 
higher (84% vs 80% of follow-up) in the losartan-treated group21 The present 
economic study focused on the findings for stroke only. 

Economic assessment

The primary objective of our study is to conduct an incremental cost-effectiveness 
comparison of losartan and atenolol in costs per life-year gained (LYG) from 
the Dutch health-care perspective. The between-treatment difference in total 
costs form the numerator of the incremental cost-effectiveness ratio, with total 
costs defined as those of the study medication and direct lifetime medical costs costs defined as those of the study medication and direct lifetime medical costs costs
attributable to strokes observed during the 5.5-year trial period of the LIFE 
study. The denominator was the number of LYGs for losartan versus atenolol. 
Costs and health were discounted against 4%.

In sensitivity analysis, we applied different discount rates based on 
the change in the discounting procedure in the Dutch guidelines for 
pharmacoeconomic research. In particular, it was just decided that updated 
guidelines would advocate differential discount rates for money and health, 
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at 4% and 1.5% respectively.26-31 To investigate the consequences of applied 
discount rates according to both options, both discount procedures were 
applied. Additionally, we conducted a sensitivity analysis on the major cost 
driver in our analysis - stroke. 

Cumulative incidence of stroke

In the LIFE trial, a 25% RR reduction in first stroke was found with losartan. 
To use the reduced stroke incidence in our economic assessment, the 
absolute risk for stroke after a 5.5-year within-trial period was calculated. 
This absolute risk reduction reflects the difference in cumulative 
incidence of stroke between the losartan- and atenolol-treated groups. 
The cumulative incidence of stroke after the 5.5-year within-trial period 
was estimated using the cumulative incidence competing risk method 
to account for the possibility of non-stroke-related death without prior 
stroke.32 Based on the clinical assessment in the LIFE study, we adjusted 
for baseline severity of LVH and Framingham risk score.21

Table 1  Baseline demographic and clinical characteristics of the Losartan Intervention 
For Endpoint reduction (LIFE) study. Data from Dahlöf et al.21

Losartan (n=4605) Atenolol (n=4588)
Demographic characteristics
Age, mean (SD), y 66.9 (7.0) 66.9 (7.0)
Sex, no. (%)
 Female
 Male

2487 (54)
2118 (46)

2476 (54)
2112 (46)

Clinical characteristics
Blood pressure, 
mean (SD), mm Hg
 Systolic 174.3 (14.2) 174.5 (14.4)
 Diastolic 97.9 (8.8) 97.7 (9.0)
Framingham risk score,
Mean (SD) 0.223 (0.095) 0.225 (0.096)
Medical history, no. (%)
 Cardiovascular disease* 1203 (26%) 1104 (24%)
 Coronary heart disease* 771 (17%) 698 (15%)
 Cerebrovascular disease 369 (8%) 359 (8%)
 Peripheral vascular disease 276 (6%) 244 (5%)
 Atrial fibrillation 150 (3%) 174 (4%)
 Isolated systolic hypertension† 660 (14%) 666 (15%)
 Diabetes 586 (13%) 609 (13%)
*P < 0.05. *P < 0.05. * †Defined as ≥160/90 mm Hg†Defined as ≥160/90 mm Hg†
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To account for censoring due to incomplete patient follow-up, up to the 
5.5-years within trial period, the mean duration of study medication 
administration (in days) was estimated using a 2-stage method, to 
determine the relationship between cumulative number of days on each 
dose of study medication and survival.33 In particular, in patients with a 
duration of follow-up <5.5 years, medication use was extrapolated up to 
the full period based on the mean use during actual follow-up. 

Unit costs of medical resource use

To estimate costs from the Dutch health-care perspective, all randomized 
patients in the trial were included based on the intention-to-treat principle. 
Total direct costs were defined as the sum of costs of study medication 
during the 5.5-year within-trial period and estimated lifetime costs 
attributable to strokes. 

Costs for study medication were estimated by multiplying study 
medication utilization during the LIFE-study by unit costs in The 
Netherlands. In patients who experienced stroke, study medication costs 
after the stroke were excluded. Study medication utilization was based on 
the exact durations and doses of the study medications as recorded during 
patient-specific follow-up within LIFE. Unit costs for study medication 
were based on current Dutch prices34 for losartan 50 mg and 100 mg at 
€0.63 (US$0.79) and €1.07 (US$1.34), respectively, and for atenolol 50 
mg and 100 mg at €0.08 (US$0.10) and €0.12 (US$0.15), respectively. In 
addition, 6% value added tax and the pharmacists’ prescription fee (€6.10; 
$7.65) were included. 

The costs for stroke used in this analysis were based on a specific 
estimate of the stroke-related costs in the Netherlands,10 verified by means 
of other estimates for stroke costs.2,5,6,11-14,16,35 Total stroke costs were 
estimated by multiplying the lifetime costs due to managing stroke with 
the cumulative incidence of stroke over 5.5 years in the LIFE trial.

Life expectancy

Gender- and age-specific life expectancy without stroke was estimated 
using Dutch life tables matched to the LIFE patient population.36 Life 
expectancy with stroke was estimated with a Weibull model37 applied to 
data from LIFE, with baseline severity of LVH, Framingham risk score, 
sex, and age as covariates. LYGs for losartan versus atenolol due to stroke 
risk reduction were estimated by multiplying the absolute risk reduction 
in stroke during 5.5-year LIFE study by the number of additional life-years 
expected by preventing a stroke. 
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Cost-effectiveness analysis

For cost-effectiveness analysis, all costs and effects were respectively 
discounted according to both discounting options (4% costs and effects 
versus 4% costs and 1.5% effects). The 95% Cis and acceptance probabilities 
were based on a log-normal stroke cost distribution and the nonparametric 
bootstrap (1000 replicates).33,38 Acceptance probabilities were calculated 
using the informal Dutch willingness to pay (WTP) threshold of €20,000/
LYG (~$25,000/LYG) for accepting pharmacotherapeutic interventions. 
All costs are reported in 2006 Euros.

Table 2  Per-patient direct costs (€ [US $]) and incidence of stroke (no. [%] of patients) 
during follow-up of the Losartan Intervention For Endpoint reduction (LIFE) 
study population.21 Data are mean (SD) unless otherwise noted.

Parameter Losartan Atenolol Difference
Costs
 Study medication 1265 (1586) 138 (173) 1128 (1414)
 Stroke costs 3317 (4157) 4393 (5506)  -1076* (-1349)
 Net 4582 (5743) 4531 (5679) 51 (64)

(95% CI, -601 to 703)
Cumulative incidence 
of stroke (at 5.5 years)

0.049 0.065 0.016
(95% CI, 0.006 to 0.026)

*Negative costs indicate cost-savings.

Results

Overview

First-year and lifetime costs of stroke were estimated at €16,775 ($21,025) 
and €46,445 ($58,213) per patient respectively (in 2006 values). Compared 
with that of atenolol, the costs per patient of losartan was €1128 (US$1414) 
higher during the LIFE-trial follow-up. However, losartan was associated 
with a significantly lower stroke-related cost per patient by €1076 
(US$1349). The reduction in stroke-related per-patient cost offset 95% of 
the increase in medication cost and was due to a lower incidence of stroke 
for losartan at 5.5 years (4.9%) compared with atenolol (6.5%) (P = 0.003). 
Table 2 shows the results of per patient direct costs and incidence of stroke.

In patients who did not experience stroke, we estimated a discounted mean 
life expectancy of 11.6 years, whereas patients with stroke had a discounted life 
expectancy of 7.9 years. Thus, prevention of stroke was associated with 3.7 
discounted (4%) LYGs per stroke patient, implying of 0.059 LYGs per patient 
with losartan treatment (0.016 x 3.7). Table 3 shows the results.  
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After inclusion of stroke-related costs and study medication costs, the net 
cost per patient were €51 (US$64) higher for losartan compared with that 
of atenolol. The net cost per LYG was €864 (US$1083), which is below the 
Dutch pharmacoeconomic threshold of €20,000/LYG (US$25,000/LYG).41

Figure 1 shows the plane of bootstrap replicates for incremental direct 
costs and LYGs. Fifty-four percent of the replicates were in the upper 
right-hand, indicating an intervention with increased cost and improved 
effectiveness. However, the remaining replicates are in the lower right-
hand quadrant indicating cost savings.  

Figure 2 presents the probability of cost-effectiveness for a range of 
pharmacoeconomic thresholds. From the Dutch health-care perspective, 
the probability of a cost-effectiveness ratio below the Dutch threshold of 
€20,000/LYG (~$25,000/LYG) was estimated at 0.95.

In the sensitivity analysis, outcomes of the incremental cost-
effectiveness of losartan versus atenolol for the change in discount rate 
for health gains in the Netherlands was compared. Discounting LYG at 
1.5% resulted in a mean discounted life expectancy without stroke of 14 
years, whereas patients who experienced stroke would have an average 
discounted life expectancy of 8.9 years. The 5.1-years’ difference reflects 
the expected LYGs resulting from preventing a stroke. LYGs with losartan 
– as the product of the absolute risk reduction for stroke (1.6%) and 
expected LYGs by preventing stroke (5.1 years) – is estimated at 0.081 (P 
= 0.002). The estimated incremental cost per LYG with losartan was €630 
($790) (see table 3). 

Figure 2 shows results for discounting health gains at 1.5%. The 
suggested probability of a cost-effectiveness ratio below the Dutch threshold 
of €20,000/LYG (~$25,000/LYG) was estimated at 0.97. Sensitivity analysis 
on the major cost driver - stroke costs (+25% and minus 25%)- indicated a 
range from cost savings to €5441 ($6822).

Table 3 Life expectancy (LE), life-years gained (LYG), and incremental cost per LYG. 

Parameter Former PE-guideline39 New PE guideline40

Discounted LE without stroke, mean, y 11.6 14.0 
Discounted LE with stroke, mean, y  7.9  8.9 
Expected LYG by preventing a stroke, mean, y  3.7  5.1
LYG for losartan due to stroke risk reduction, 
mean (95% CI), y

0.059 (0.020 to 0.097) 0.081 (0.029 to 0.134)

Incremental cost per LYG for 
losartan, mean (95% CI)

 € 864 (-7308 to 27,607) 630 (-5245 to 20,158)
 $  1003 (-9162 to 34,611) 790 (-6575 to 25,272)

PE: pharmacoeconomic.
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Discussion 

The LIFE study found a significantly lower prevalence of stroke in losartan-
treated patients compared with atenolol-treated patients for comparable 
blood pressure control.21 In this economic assessment of the LIFE-study 
adapted to The Netherlands, stroke costs were €1076 ($1349) lower in the 
losartan-treated group, corresponding with €51 ($64) net incremental direct 
costs. With an extended life expectancy due to the reduction in stroke 
associated with losartan treatment, estimated incremental cost-effectiveness 
was €864/LYG ($1083/LYG). For losartan, the estimated likelihood of falling 
below Dutch threshold of €20,000/LYG (~$25,000/LYG), was 95%. 

Comparable economic assessments based on the LIFE study have been 
conducted in Switzerland, Sweden, the United Kingdom, and Canada. 
These studies also found favourable estimated economic outcomes 
with losartan, with potential per-patient cost-savings of €19 ($25) for 
Switzerland42 and cost-effectiveness of €4188 ($5249), €3195 ($4005), and 
$Can 1337 ($1003) per quality-adjusted life year (QALY) gained in Sweden43, 
the United Kingdom44, and Canada,45 respectively. Despite differences in 
pharmacoeconomic guidelines (e.g., regarding perspective, discount rates, 
type of analysis, model used), costs included and purpose of the study (e.g., 
registration, justification of prescribing practice of health-care professionals, 
reimbursement decisions, clinical guidelines), country-specific results 
were in the same direction varying from net cost savings for losartan in 
Switzerland to low net costs per LYG or QALY gained in the other counties.

Several limitations of our study should be acknowledged. Because 
the data were derived from a clinical trial, the period to which the data 
referred was limited and lacked long-term follow-up, so model-based 
extrapolations were necessary, with uncertainty obviously surrounding 
such extrapolations for LYGs and QALYs. Also, treatment compliance 
may not fully reflect what happens in clinical practice. Furthermore, no 
survival data were available that exactly match the cohort in the clinical 
trial. Finally, the perspective of the present study was limited to that of 
the health-care sector only, rather than analyzing the full scope within a 
societal perspective. 
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Figure 1  Cost-effectiveness plane showing bootstrap replicates for incremental direct 
costs and life-years gained.
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Figure 2  Cost-effectiveness acceptability curve for a range of thresholds for losartan 
versus atenolol [€1 ó US$1.25372]. Solid line represents the results for 
discounting costs and effects at 4% and the dashed line represents the 
results of with LYG discounted at 1.5%.
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In addition to the efficacy of losartan found in the LIFE study, the results of 
the present cost-effectiveness analysis for this drug may be partly explained 
by a lower rate of adverse events and greater tolerability of losartan, which 
may have resulted in better treatment compliance with losartan compared 
with atenolol. Results from an observational study by Conlin et al46

support this suggestion with regard to ARBs, such as losartan, by claiming 
a substantially greater persistence for ARBs compared with other classes 
of antihypertensives, including atenolol. 

In the Netherlands, β-blockers and diuretics are recommended as 
first-line treatment of hypertension in the general practitioners’ guideline. 
This, together with relatively high use (~30% of all prescriptions in The 
Netherlands in 200547) – compared with other classes of antihypertensive 
agents (i.e., diuretics and calcium channel blockers)– suggests that atenolol 
is a proper comparator for losartan.48-50 However, the results of clinical 
trials in general provide evidence for selected patient groups, which may 
not allow for direct extrapolation to the general population in clinical 
practice.51

In the present analysis, we included only stroke-related costs and 
excluded costs related to comorbidities and related use of drugs other than 
study drugs. The inclusion of stroke-related costs only could, however, be a 
concern in the relatively high-risk patients in the LIFE study. However, there 
were almost no statistical differences in the prevalence of comorbidities 
between the losartan- and atenolol- treated groups. Differences found 
were related to compliance/persistence and new-onset diabetes, with 
losartan being associated with higher and lower rates, respectively. New-
onset diabetes was 25% lower in the losartan-treated group compared with 
the atenolol-treated group (P = 0.001).21 This finding suggests that the 
results of the present study may show a further cost advantage of losartan 
if we also included (direct) costs associated with additional cardiovascular 
events and (co-)morbidities such as new-onset diabetes and adverse events.

In the sensitivity analysis, discounting health gains lower at 1.5% 
versus 4% as in the baseline analysis was associated with a favourable 
pharmacoeconomic outcome for losartan, with the probability of being 
below the Dutch threshold at 97%. The new pharmacoeconomic guideline 
favours pharmacoeconomic outcomes of (primary) prevention programs, 
compared with the old one, in which costs and effects were both discounted 
at 4%. In literature there is discussion about the choice of applying the same 
or different discount rates for costs and effects.52 Varying the major cost 
driver also resulted in a favourable pharmacoeconomic outcome following 
the Dutch WTP threshold. 

The present study included LIFE study data from various countries, 
due to the multinational approach of the LIFE study. A limitation of the 
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present economic assessment was the assumption that findings from the 
LIFE study would be similar in Dutch patients, whereas no Dutch patients 
were included in the LIFE trial. In short, imperfections can be found in the 
transferability of data from a clinical trial such as LIFE to The Netherlands 
due to, for example, epidemiologic and demographic factors. However, the 
present study can at least be seen as providing an indication for positive 
health effects at a low additional cost per LYG. The results from the present 
analysis suggest that drug prices alone do not provide the full economic 
picture; in particular, downstream savings may cause that the initially 
more expensive option is in the end still a cost-effective option. Trials 
tailored to the Dutch situation are needed to confirm our findings for The 
Netherlands. 

Conclusion

In the present cost analysis, treatment with losartan could be considered 
a cost-effective intervention compared with atenolol based on the reduced 
risk for stroke observed in the LIFE study for The Netherlands. This notion 
should be considered in the development of clinical guidelines, in addition 
to clinical efficacy, tolerability, and experience with treatment options in 
general clinical practice.
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Abstract

Background: Hypertension is an independent risk factor for 
cardiovascular diseases, resulting in an enormous burden to society, both 
in terms of health and costs. Therefore, further health gains and related 
cost-savings achieved by optimizing antihypertensive treatment is of highly 
importance. The aim of this study was to conduct a pharmacoeconomic 
analysis to estimate the costs and effects of treatment with angiotensin II 
receptor blockers (ARBs) in Dutch hypertensive patients. 
Methods: The pharmacoeconomic analysis was twofold, firstly, we 
estimated cost-effectiveness based on a published, randomized, double-
blind clinical trial comparing blood pressure lowering of olmesartan, 
losartan, valsartan and irbesartan. For this purpose, blood pressure 
lowering after 8 of treatment was inserted in the Framingham risk 
functions to estimate cardiovascular complications using an international 
health-economic model. Secondly, a cost-minimization analysis was done 
using daily practice prescription data from IADB.nl, a database covering a 
population of 500,000 adherent to 50 pharmacies.
Results: After 8 weeks, the trial-based analysis showed that treatment 
with olmesartan versus losartan, valsartan, and irbesartan, resulted in 
a statistically larger decrease in blood pressure (11.5 versus 8.2, 7.9 and 
9.9 mmHg (P<0.05), respectively). Furthermore, olmesartan resulted in 
more complications averted. Based on reductions found in within-trial 
blood pressures, cost-effectiveness for olmesartan, losartan, valsartan, 
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and irbesartan was estimated at €39,100, €77,100, €70,700, and €50,900 per 
cardiovascular complication averted, respectively. Pharmacy data showed 
that trial-dosing at 1 ‘Defined Daily Dose’ (DDD) was not found in daily 
practice. On average, losartan, valsartan and irbesartan were consequently 
dosed above 1 DDD varying from 1.19-1.38 DDD, whereas olmesartan was 
dosed lower at 0.88 DDD and therefore resulting in (relatively) lower costs. 
Conclusion: Based on the exact trial data, olmesartan was estimated to 
be the most cost-effective option of the four ARBs based on within-trial 
blood pressure levels after 8 weeks. However, due to differences found 
in within-trial versus daily practice dosing and absence of effectiveness 
data from daily practice, confirmation is needed from further prospective 
studies comparing ARBs based on comparable blood pressure control 
including hard endpoints. 

Introduction

Cardiovascular diseases are a leading cause of death and a great burden to 
health-care budgets in Europe. In the Netherlands, 9.2% of total health-
care expenditures are attributable to costs for cardiovascular diseases 
(€ 5.3 billion)1. Hypertension is generally known as an independent risk 
factor for cardiovascular diseases (e.g. myocardial infarction, angina 
pectoris, stroke, heart failure, and peripheral heart disease)2, and is one 
of the risk-factors associated with mortality3. Therefore, health gains and 
cost-savings could be achieved by optimizing antihypertensive treatment4. 
Recommended or suggested type of antihypertensive therapy is dependent 
on several factors which relate to the severity of the disease (e.g. essential 
hypertension or hypertension due to/related to specific cardiovascular 
diseases and/or diabetes) and therefore newer generally more effective and 
expensive antihypertensives are preferably prescribed to those subjects 
with increased cardiovascular risk 5-7. 

Among other things, cost considerations play an increasing role in 
treatment decisions. Dutch treatment guidelines recommend – also based 
on cost considerations – in general to start with diuretics in patients with 
uncomplicated hypertension to achieve adequate blood pressure control 
below 140/90 mmHg8. In case of insufficient blood pressure control, 
β-blockers, calcium channel antagonists or angiotensin-converting enzyme 
(ACE-) inhibitors should be added8. Angiotensin II receptor blockers 
(ARBs) – a rather new class of agents with proven efficacy and placebo-like 
tolerability9-12 are often only considered in case of ACE-intolerance, due 
to cost considerations, daily practice experience and “evidence”. Dutch 
prescription data among a population 500,00013,14 indicate correspondingly 
low (initial) use of ARBs; around 4% of first antihypertensive prescriptions 
and 8% of total number of antihypertensives prescribed refer to ARBs.
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A comparative economic analysis for ARBs adds to discussions on rational 
prescribing of different types of ARBs. Therefore, the aim of this study was 
to estimate and compare the costs and effects of different ARBs in treating 
patients with essential hypertension in The Netherlands. 

Methods

The present analysis was two-fold: data on costs and effectiveness for 
olmesartan, losartan, valsartan, and irbesartan were analysed based on (i) 
a clinical study of Oparil et al 15, and (ii) by using daily practice pharmacy 
dispensing data. Such an approach is in line with the guidelines of “good 
pharmacoeconomic practice”, which on the one hand require an analysis 
of cost-effectiveness based on data from a randomised clinical trial, and on 
the other hand information based on observational data16-19.

Clinical Trial Data and Cost-Effectiveness

Oparil et al15 studied antihypertensive effectiveness of olmesartan, 
losartan, valsartan, and irbesartan in subjects with essential hypertension 
(defined as a diastolic blood pressure (DBP): 100-115 mmHg). Patients with 
a recent cardiovascular event history were excluded for the trial. A total of 
588 patients were randomised and were treated with one “Defined Daily 
Dose” (DDD) per day of olmesartan (20 mg), losartan (50 mg), valsartan 
(80 mg), and irbesartan (150 mg), respectively. The DDD represents an 
International unit of measurement based on average maintenance dose, 
which should enable presentation and comparison of level of drug-use19.

Changes in blood pressures 2, 4 and 8 weeks after start of antihypertensives 
were collected. The primary endpoint of the Oparil study15were collected. The primary endpoint of the Oparil study15were collected. The primary endpoint of the Oparil study  was the change 
from baseline DBP at week 8. After 8 weeks, statistically significant larger 
decrease in blood pressure was achieved with olmesartan (-11.5 mmHg) 
compared with losartan (-8.2 mmHg; P < 0.0002), valsartan (-7.9 mmHg; P 
< 0.0001), and irbesartan (-9.9 mmHg; P = 0.04), respectivelyP = 0.04), respectivelyP 20. Next to this, 
sufficient combined systolic and diastolic blood pressure control (<140/90 
mmHg) was achieved in 32.4% of the patients on olmesartan versus 16.1% 
on losartan, 14.5% on valsartan, and 25.9% on irbesartan, respectively20. 
Figure 1 shows that the percentage of patients having sufficient blood 
pressure control below 140/90 mmHg with olmesartan was not statistically 
different from blood pressure control found with irbesartan, but significant 
differences were found regarding the other 2 ARBs.

For the economic analysis, we assumed a hypothetical patient 
population of 100,000 which was distributed over within-trial observed 
blood pressure values after 8 weeks of study follow-up. Costs and effects 
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of olmesartan, losartan, valsartan, and irbesartan were calculated based 
on a simulation model as applied for the US situation and described in 
detail by Simons et al21. For our analysis, the model was adapted to the 
Dutch situation by using Dutch cost estimates for cardiovascular and 
cerebrovascular complications. Blood pressures at 8 weeks and patient 
characteristics such as age and gender, were inserted in the Framingham 
risk functions to estimate cardiovascular complications22,23. The model was 
used to estimate the reduction in cardiovascular risk for each treatment 
group after 1 and 5 years compared with the baseline cardiovascular risk. 
Table 1 presents costs (2006 values) for cardiovascular complications as 
inserted in the model24,25. Official 2006 Dutch drug prices were used and 
calculated as price per DDD: €0.62 for 20 mg olmesartan, €0.74 for 50 mg 
losartan, €0.63 for 80 mg valsartan, and €0.70 for 150 mg irbesartan26. Costs 
and complications were discounted at 4% and 1.5%, respectively according 
to the Dutch pharmacoeconomic guidelines16. Cost-effectiveness was 
expressed in net costs per cardiovascular complication averted. 

Table 1 Dutch cost estimates for cardiovascular complications in 2006 values18,19

Stroke € 6434
Other cardiovascular disease1 € 3697
Myocardial infarction € 5650
Other chronic heart disease2 € 3052
1Average costs of estimates for heart failure (€ 5709) and peripheral heart disease (€ 1684); 
2Average costs of estimates for angina pectoris (€ 4662) and coronary insufficiency (€ 1441).

Cost-Minimization on Observational Data

Daily practice dosing (“Prescribed Daily Dose”; PDD) of olmesartan, 
losartan, valsartan, and irbesartan was analyzed to compare with within-
trial dosing of 1 DDD. Daily practice dosing of antihypertensives is 
generally expected to be titrated to achieve adequate blood pressure 
control5-8. Following this, daily practice effectiveness of ARBs could be 
assumed to be comparable with potentially different PDDs and costs. 
Therefore, a cost-minimization analysis with assuming comparable 
effectiveness was conducted using daily practice prescription data from 
IADB.nl, a pharmacy dispensing database of 50 general pharmacies, 
covering a population of 500,00013,14.
Daily practice doses of ARBs at first prescription and after 180 days were 
evaluated. All patients that had started treatment with either olmesartan, 
losartan, valsartan, or irbesartan, and possible concomitant use of 
antihypertensives other than ARBs were included from IADB.nl. 
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Figure 1  Percentage patients with sufficient blood pressure control (< 140/90 mmHg) 
after 8 weeks based on once daily 20 mg olmesartan, 50 mg losartan, 80 mg 
valsartan, or 150 mg irbesartan. *P = 0.002 for losartan versus olmesartan; 
†P < 0.001 for valsartan versus olmesartan; and ‡P = NS for irbesartan versus 
olmesartan [Source: Oparil et al20].

Pharmacy data generally lack information on diagnosis for a prescription 
of a specific drug. Therefore, and to possibly better approximate the 
specific population of patients with essential hypertension more precise, 
additional analyses were conducted with exclusion of patients with other 
cardiovascular co-medication (antihypertensives, diuretics, β-blockers, 
calcium-channel antagonists, and ACE-inhibitors) and/or antidiabetics at 
baseline. PDDs were calculated by dividing the total number of DDDs of 
a specific prescription by the number of days the drug was prescribed for. 
Average PDDs for the first prescription (t = 0) and for the last prescription 
within half a year follow-up (t = 180) were calculated for olmesartan, 
losartan, valsartan, and irbesartan, respectively.

Results

Results on complications and costs within a hypothetical cohort of 
100,000 patients with essential hypertension and different blood pressure 
decreases with olmesartan, losartan, valsartan, and irbesartan – as found 
in the Oparil study15 – are presented in table 2. Olmesartan resulted in 
most cardiovascular complications and mortality averted after 1 and 
5 year(s) and was also considered to be the cheapest as compared with 
the other ARBs. Cost-effectiveness per cardiovascular event averted – 
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compared to do-nothing and without any background blood pressure 
lowering therapy15 – was estimated at €39,100 for olmesartan, €77,100 for 
losartan, €70,700 for valsartan, and €50,900 for irbesartan.

Pharmacy data showed that within-trial-dosing at 1 DDD was not 
found in practice. On average losartan, valsartan and irbesartan were 
consequently dosed above 1DDD varying from 1.19-1.38 PDD, whereas 
olmesartan was dosed at 0.88 PDD (table 3). Results are similar in all 
groups stratified on co-medication as a proxy for disease severity. In 
contrast to losartan, valsartan, and irbesartan, there was no measurable 
increase of PDD in the olmesartan group over a treatment period of 
180 days. According to dosing found in subjects without cardiovascular 
comedication at t = 180, annual cost per patient per year with olmesartan, 
losartan, valsartan, and irbesartan, would amount around €201, €321, 
€306, and €353, respectively.

Discussion

Based on data from clinical study of Oparil et al15 applied to an International 
model and applying Dutch prices for medication and Dutch cost estimates 
for cardiovascular complications, olmesartan resulted in lowest drug 
costs and most complications and deaths averted compared with other 
ARBs. Notwithstanding considerable decreases in blood pressure for all 
four ARBs, olmesartan appeared to be the most favourable option from a 
pharmacoeconomic point of view, based on the trial.  

It should be noted that hard cardiovascular endpoints were not 
registered during the study follow-up. These cardiovascular complications 
were estimated based on blood pressure decrease. We note that the 
present economic study was conducted based on one clinical study with 
large internal validity and possibly limited external validity. Higher 
external validity could be achieved by using data from formal meta-
analyses including comparison on hard cardiovascular endpoints of other 
existing members of the ARB class (e.g. eprosartan, candesartan cilexetil, 
tasosartan, telmisartan).  

The current study also investigated the relevance of within-trial 
dosing at 1 DDD compares to daily practice dosing of ARBs to achieve 
adequate blood pressure lowering. Daily practice data from IADB.nl13,14, 
consequently showed relatively lower doses for olmesartan as compared 
to losartan, valsartan, and irbesartan. In daily practice, these latter three 
ARBs were titrated from initial average daily doses of 1.04 DDD losartan, 
1.18 DDD valsartan, and 1.16 DDD irbesartan to respectively 1.18 DDD, 
1.34 DDD, and 1.33 DDD after approximately half a year. Such a titration 
to a higher dose was not found for olmesartan, with a constant average 
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dose at 0.88 DDD. Given the already lowest per DDD price for olmesartan, 
olmesartan was the cheapest option of all four ARBs. So, the result of our 
observational analysis is in line with the trial-based cost-effectiveness 
analysis. However, data on effectiveness and baseline blood pressure 
level are unknown from daily practice IADB.nl data. Therefore, our cost-
minimalization study is limited in a sense that it is not known to what 
extent our assumption of equal effectiveness and similar types of patients 
on different ARBs holds true. This is also related to possible differences in 
persistence on and adherence to ARB treatment in daily practice. 

Although ARBs have shown placebo-like tolerability9-12 in a clinical 
trial setting, compliance in a real-world setting may be lower and might 
therefore reduce the actually achieved blood pressure lowering and 
corresponding cardiovascular risk reduction27. The very low number 
of patients that received olmesartan in daily practice is another major 
limitation of our study, which makes it difficult to compare doses and to 
draw definite conclusions on our findings.

Table 2  Cardiovascular complications averted within a hypothetical patient population 
of 100,000 subjects receiving 1 DDD of olmesartan, losartan, valsartan, and 
irbesartan, respectively

Olmesartan Losartan Valsartan Irbesartan

Treatment period (in years) 1 5 1 5 1 5 1 5
Complications averted1

- Stroke 27 313 18 209 16 187 25 287
-  Other cardiovascular 

disease
288 1080 182 647 168 641 254 903

- Myocardial infarction 123 636 79 392 89 365 111 550
-  Other chronic heart 

disease
63 181 37 111 20 123 51 146

- Cardiovascular mortality 24 361 17 230 14 201 24 334
Total 525 2571 333 1589 307 1517 465 2220
Drug costs (*1,000,000) 22.6 104.8 27.0 125.1 23.0 106.4 25.6 118.3
Savings (*1,000,000) 2.1 9.0 1.3 5.6 1.3 5.3 1.9 7.8
Net costs (*1,000,000) 20.5 95.8 25.7 119.5 21.7 101.1 23.7 110.5
Net costs per complication 
Averted (*1000)2

39.1 38.9 77.1 78.6 70.7 69.7 50.9 52.1

1Undiscounted; 2According to the Dutch guideline for pharmacoeconomic research, 
complications and costs (in 2006 values) were discounted at 1.5% and 4%, respectively16.
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Table 3  Number of patients (N), average number of PDD and standard deviation (SD) 
of the first prescription (t = 0) and after 180 days (t = 180) for all starters and 
stratified for comedication

Olmesartan Losartan Valsartan Irbesartan

N PDD (SD) N PDD (SD) N PDD (SD) N PDD (SD)
Number of patients

t = 0 49 0.89 (0.28)* 7636 1.05 (0.29)* 2062 1.16 (0.38)* 4421 1.22 (0.54)*

t = 18 30 0.88 (0.32) 4754 1.19 (0.44)* 1289 1.33 (0.49)* 2650 1.38 (0.50)*

Without cardiovascular comedication
t = 0 21 0.88 (0.22)* 2733 1.04 (0.26)* 730 1.16 (0.37)* 1709 1.18 (0.58)*

t = 180 12 0.88 (0.24) 1668 1.18 (0.41)* 473 1.33 (0.48)* 1006 1.34 (0.49)*

Without anti-diabetics
t = 0 38 0.87 (0.23)* 6574 1.04 (0.28)* 1791 1.16 (0.37)* 3745 1.21 (0.55)*

t = 180 24 0.92 (0.33) 4051 1.19 (0.45)* 1122 1.32 (0.48)* 2226 1.37 (0.50)*

*PDD is statistically different (based on T-test; P < 0.05) from 1 DDD as specified for the four P < 0.05) from 1 DDD as specified for the four P
different angiotensin II receptor blockers. 

The US-study of Simons et al21 showed results comparable to the present 
study for the Netherlands. Other studies, of Conlin et al28, Püchler et 
al29, and studies of Stumpe et al30,31 found a comparable blood pressure 
lowering as found during the study of Oparil et al15. In addition, these 
studies also indicated comparable incidence of adverse drug events for all 
four ARBs. Within our pharmacoeconomic analysis, we did not account 
for potential differences in type and severity of adverse events.  

Notwithstanding the limitations mentioned, our economic evaluation 
based on a comparative analysis with ARBs in patients with essential 
hypertension, suggests that the cheapest ARB is most cost-efficient. To 
draw a definite conclusion, further analyses should be conducted and 
directed at head-to-head comparison of ARBs including comparable blood 
pressure control with hard cardiovascular endpoints.

Conclusion

Olmesartan was – based on differences in blood pressure control in one 
specific trial – estimated to be the most cost-effective option of the four 
ARBs investigated. Due to differences found in within-trial versus daily 
practice dosing and absence of effectiveness data from daily practice, 
confirmation is needed from further prospective studies comparing ARBs 
based on equal blood pressure control including hard cardiovascular 
endpoints. 
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Introduction

In this issue, Palmer et al1 demonstrate that screening for nephropathy 
in hypertensive type 2 diabetic patients and subsequent treatment with 
renoprotective agents may result in excellent value for money from the 
US health-care perspective. Estimated costs and effects were combined 
in a cost-utility analysis, to express the incremental costs per quality-
adjusted life year (QALY) for add-on treatment of the angiotensin 
receptor blocker (ARB) irbesartan after detection of nephropathy 
through screening, compared with conventional antihypertensive 
treatment only, in the absence of screening. Nephropathy was defined as 
microalbuminuria or nephropathy; i.e. urine albumin excretion (UAE) 
>20μg/min (corresponding to a UAE expressed per 24h > 30 mg/24h, 
with 300 mg/24h generally defining nephropathy). Such screening and 
subsequent ARB treatment – add on to conventional antihypertensive 
therapy – was estimated to result in favourable clinical outcomes with only 
marginally increasing overall costs. Furthermore, estimated incremental 
cost-effectiveness was well below a willingness to pay (WTP) threshold of 
US$50,000 per QALY for the USA.2 Despite the fact that such an absolute 
quantitative threshold for costs per QALY has to be interpreted with caution 
by decision-makers in health-care systems, the exact cost-per-QALY ratio 
found by the authors at US$20,011 per QALY gained and estimated 77% 
probability of being below this US$50,000 threshold certainly suggest 
a favourable pharmacoeconomic profile.1,3 Palmer et al. used a Markov 
model to simulate the progression from a health state to end-stage renal 
diseases (ESRDs) and second-order Monte Carlo simulation – both ‘state-
of-the-art’ mathematical techniques in pharmacoeconomics – to account 
for multiple parameter uncertainty and to derive results as listed above.3,4
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In this editorial, we discuss the study by Palmer et al. from the viewpoint 
of pharmacoeconomic science. 

How to conduct a pharmacoeconomic analysis?

Pharmacoeconomics is defined as the science focusing on scarcity of 
budgets for pharmacotherapeutic interventions; i.e. that part of health-
economics with focus on pharmacotherapy. Cost-effectiveness and cost-
utility are the main instruments used in pharmacoeconomics. Cost-
effectiveness analyses relate differences between monetary costs and 
benefits (net costs) of an intervention to a clinical outcome, such as blood 
pressure lowering, serious events avoided or life-years gained. In cost-
utility analyses, net costs of an intervention are related to a gains in quality 
of life and life years gained (including the quality of those years), both 
expressed and aggregated in QALYs.3 As such, a QALY integrates gains in 
survival and gains in quality during life. For the reimbursement of new 
drugs – such as ARBs in the last decade – currently in many countries 
pharmacoeconomic research is required and the outcome of it should 
indicate that a new drug is ‘cost-effective’ (i.e. below a certain predefined, 
or thought, threshold for net costs per outcome considered, usually life-
year gained or QALY gained). Examples in nephrology in recent years 
exist next to ARBs: for example, are sorafenib and sunitinib cost-effective 
enough for treatment of renal cell carcinoma to justify reimbursement? 

Also, such pharmacoeconomic analyses should adhere to guidelines 
for the conduct of such studies, guaranteeing a minimum quality level. 
These guidelines are globally rather uniform and some of them warrant 
some remarks here. Firstly, full economic evaluations should ideally be 
performed from the societal perspective. The societal perspective typically 
includes indirect non-medical costs of production losses, next to direct 
medical costs.5 Secondly, these analyses should include all short- and long-
term costs and effects. Ideally, a lifelong perspective is applied. Therefore, 
long-term analyses are now required to support drug reimbursement 
decisions or implementation of large-scale interventions, such as screening 
or vaccination programs. Despite sophisticated methods developed and 
used for economic analyses on short-term clinical studies, such analyses are 
often considered to be insufficient, given the lack of a long-term perspective. 
Thirdly, long-term perspectives – beyond clinical-trial horizons – require 
the use of adequate modelling techniques, such as Markov models. Markov 
models generally enable the analysis of transitions from one health state (for 
example, microalbuminuria) to another (for example, nephropathy), within 
a framework of a predefined number of such health states. In the model 
quality of life is generally defined per state; durations of stay in these states 
can easily be analysed over long time frames.  



Health-Economic Outcomes for Albuminuria Screening in Real-Life Settings

97

Palmer et al.1 developed a Markov model to simulate disease progression 
over a 25-year time frame approximating a lifetime perspective, even 
more so, as a discount rate at 3% for money and health gains was applied, 
following the US-guidelines. In pharmacoeconomic analysis, costs, 
savings and health are discounted to account for time preference; i.e. 
one prefers to receive an amount of money now rather than receiving 
that same amount of money in the future, or one prefers to pay costs in 
future over paying the same amount now (a similar reasoning is assumed 
for health). So, pharmacoeconomists attach different values or utilities to 
amounts of money or life years that occur on different moments/periods 
in time: the higher the discount rate, the lower the value that is attached to 
costs, benefits and health gains that occur in the (distant) future. Recent 
discussions have focused on the appropriateness of using similar discount 
rates for money and health, for example with regard to discounting life 
years.6 Following that discussion, the Netherlands recently changed its 
pharmacoeconomic guideline on discounting to differential discounting: 
4% for money and 1.5% for health. Generally, differential discounting – 
i.e. relatively low discounting of health compared with money – favours 
preventive interventions with health gains in the (distant) future, inclusive 
screening programs such as those on albuminuria.

Cost-effectiveness of RAAS-intervening agents in type 2 
diabetic patients

We recently reviewed within-trial analytical and Markov-based 
economic evaluations of Renin Angiotensin Aldosterone System (RAAS)-
intervening agents in type 2 diabetic patients,7 including those studies 
used by Palmer et al.1: RENAAL, IDNT, IRMA-2 and BENEDICT.8-11

Economic outcomes from these studies generally suggest that treatment 
with RAAS-intervening agents in type 2 diabetic patients, with overt or 
incipient nephropathy, confers health gains and net cost-savings compared 
with conventional (non-RAAS) treatment.7,12 In particular, delay of renal 
disease may confer relevant cost-savings in terms of ESRD, dialysis and 
kidney transplantations averted. Additionally, it has been shown that 
benefits can be expected in reducing cardiovascular events.7

Favourable pharmacoeconomic outcomes for treatment may justify 
screening, to identify those who may benefit from such treatment. 
Thus, Palmer et al.1 argue that screening for albuminuria in the specific 
population of hypertensive type 2 diabetic patients and subsequent start 
of renoprotective ARB treatment in those found positive will result in 
excellent value for money. It is still difficult to definitely assess the relative 
therapeutic values of ARBs in relation to ACE-inhibitors. Indications 



Chapter 5

98

exist to show that ACE-inhibitor treatment results in similar beneficial 
effects on renal disease progression and occurrence of cardiovascular 
events as ARBs, both in type 2 diabetic patients as well as in non-
diabetic patients.11,13,14 Except for the DETAIL-trial, however, there are no 
nephrological studies comparing the effectiveness of ACE-inhibitors and 
ARBs on head-to-head basis for specific nephrological endpoints.14 Indirect 
comparison of both classes of drugs is also difficult. Most trials with ACE-
inhibitors are partially placebo-controlled, often with, as a result, better 
blood pressure control in the ACE-inhibitor groups, whereas most ARB 
trials showed comparable blood pressure control in the experimental 
and control groups.7,13 Indirect comparisons are therefore likely to favour 
ACE-inhibitors over ARBs.  

One study simulated cost-effectiveness of universal ACE-inhibitor 
treatment for type 2 diabetic patients – irrespective of both blood pressure 
and albuminuria levels – and found to be highly cost-effective.15 So, beyond 
discussions on screening for albuminuria in type 2 diabetic patients, 
universal treatment of such patients with RAAS-intervening agents is 
already under consideration. On the one hand, this will save screening 
costs, and on the other hand drug costs will increase, which is particularly 
relevant if drug are use prior to patent expiry. Obviously, the topic warrants 
further pharmacoeconomic analysis, including exploring the impact of 
price reductions as the first ACE-inhibitors are now becoming off-patent, 
enhancing the economic profile of these agents.

Cost-effectiveness of screening in the general population

Economic evaluation based on the outcomes of the IDNT study in combination 
with the IRMA-2 study previously showed that ARB-treatment results in 
higher cost-savings if applied in the early stage of microalbuminuria compared 
with late overt diabetic nephropathy, both in US and European settings.16

This suggests that the earlier the treatment is started, the better it is for 
hypertensive type 2 diabetic patients. Would this also apply for the non-diabetic 
population with albuminuria? Should we screen for microalbuminuria (UAE 
> 30 mg/24h) and/or nephropathy (UAE > 300 mg/24h) in this population as 
well, and would this be cost-effective? The PREVEND (Prevention of REnal 
and Vascular End stage Disease) study, as well as other studies, showed that 
microalbuminuria (UAE > 30 mg/24h) presents an independent risk-factor for 
renal disease and cardiovascular events, also in the non-diabetic population.17

As long as all effects in terms of renal disease and cardiovascular outcomes 
and proper cost estimates are considered, there are certainly indications 
that albuminuria-based ‘test-and-treat’ strategies could be a successful tool, 
resulting in a reduced number of renal and cardiovascular outcomes and 
possibly a favourable cost-effectiveness.18-20
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Boulware et al.18 estimated that annual screening for dipstick proteinuria 
by general practitioners may be cost-effective to prevent ESRD in the US 
setting, except if limited to only elderly or hypertensive persons. However, 
large groups of normotensive and non-elderly groups remain, with net 
costs per QALY estimates that are generally considered not cost-effective. 
Previously, however, we argued that several rather study-specific factors 
determine these negative results.19 In particular, (i) the general practitioner 
setting may be unnecessarily expensive and much cheaper screening might 
be achieved if subjects are requested to send a first morning void urine 
sample by post to a central laboratory, as done in the PREVEND study, 
or using other potential efficient ways such as a dipstick self-tests; (ii) 
the yield of the screening might be relevantly increased if instead of only 
proteinuric, microalbuminuric persons are also treated and (iii) inclusion 
of beneficial effects of RAAS treatment on cardiovascular events – next to 
ESRD – will relevantly enhance cost-effectiveness.  

As a part of the observational PREVEND-study, a randomized clinical 
trial was undertaken (PREVEND-IT: Prevention of REnal and Vascular 
ENdstage Disease Intervention Trial), in which fosinopril treatment was 
shown to result in a statistically significant reduction in albuminuria 
and a strong trend towards significant difference in cardiovascular 
outcomes in a non-diabetic, albuminuric and primarily normotensive 
population.20 The PREVEND-IT economic evaluation indicated a 
favourable cost-effectiveness of screening for high-normal albuminuria 
(UAE > 15 mg/24h) and subsequent treatment with the ACE-inhibitor 
fosinopril to prevent cardiovascular events.20 This indicates that – next 
to screening in specific patient populations, such as hypertensive type 2 
diabetic patients – screening of the general population for albuminuria 
could be a cost-effective strategy. Such a strategy is beneficial to prevent 
cardiovascular events in (micro)albuminuric persons, whereas it may be 
expected to prevent ESRD especially in macroalbuminuric persons. Thus, 
nephrological profit in albuminuria levels and ESRD is obtained in the 
slipstream of cardiovascular disease prevention.

Conclusion

In conclusion, favourable economic profiles in treatment of type 2 diabetic 
patients with nephropathy were found for ARBs. This favourable profile 
justifies screening for nephropathy and subsequent ARB treatment. As 
early treatment (starting in the stage of microalbuminuria) was found to 
be economically superior to late treatment (starting in the stage of overt 
nephropathy), a strong case exists for screening for albuminuria in diabetic 
type 2 patients and subsequent treatment. Possibly, this effect might be 
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extrapolated to ACE-inhibitors. In fact, for ACE-inhibitors, universal 
treatment of all type 2 diabetic patients has even been suggested as cost-
effective. For a decision on whether to prefer ARBs or ACE-inhibitors, 
head-to-head trials are needed to explore the benefits of screening for 
albuminuria in the non-diabetic population, and the corresponding 
economic profile of such a screening. For example, results on favourable 
cost-effectiveness from the Dutch PREVEND study require confirmation 
in other settings. Next to renal disease, it is important to include benefits 
of screening and treatment on cardiovascular events in such cost-
effectiveness analyses.
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Abstract

Objective: This study estimated the cost-effectiveness, from the Dutch health 
care perspective, of screening fro albuminuria in the general Dutch population 
to prevent cardiovascular events (CVEs) with subsequent angiotensin-
converting enzyme inhibitor treatment, using data from the Prevention of 
REnal and Vascular ENdstage Disease Intervention Trial (PREVEND-IT). 
Methods: PREVEND-IT was a single-center, double-blind, randomized, 
placebo-controlled trial with a 2 x 2 factorial design within the larger 
observational Prevention of REnal and Vascular ENdstage Disease 
(PREVEND) study. The PREVEND-IT study was conducted to assess the 
effects of fosinopril 20 mg and pravastatin 40 mg on CVEs in subjects with 
specific inclusion criteria: urinary albumin excretion (UAE) rate in the 
range of 15 to 300 mg/d, blood pressure < 160/100 mmHg, and plasma 
cholesterol level < 8.0 mmol/L. Cost-effectiveness estimates for the Dutch 
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population were expressed in euros (2002; 1€ = US$ 1.01) as net costs per 
life-year gained (LYG) in the baseline and sensitivity (stochastic) analyses. 
Results: Data were assessed for 864 subjects, with a mean (SD) follow-
up of 46 (7) months. CVEs occurred in 45 (5.2%) subjects. Subjects who 
received fosinopril had a 40% lower incidence of CVEs than subjects in the 
placebo group (3.9% vs. 6.5%, respectively; p = NS). The cost-effectiveness 
of screening for albuminuria was determined to be €16,700/LYG for the 
study population. Stochastic analysis indicated that the probability of the 
cost-effectiveness being below the suggested Dutch threshold of €20,000/
LYG was 59% in the baseline analysis. The probability of cost-effectiveness 
below €20,000/LYG would increase to 91% if only subjects with UAE > 50 
mg/d were treated with fosinopril. Limiting the screening to subjects aged 
> 50 years and > 60 years also improved cost-effectiveness.’
Conclusions: The results of our study suggest that screening in the 
general Dutch population for albuminuria and subsequently treating 
those found positive with fosinopril may be cost-effective compared with 
no screening and adopting the Dutch health care perspective. However, 
confirmation from larger multicenter trials is needed. 

Introduction 

Cardiovascular disease (CVD) is one of the leading causes of death in many 
countries.1,2 In the Netherlands, CVD accounts for ~11% of all health-care 
costs.3 Microalbuminuria, defined as a slightly elevated albumin level 
(urinary albumin excretion [UAE] > 30 and < 300 mg/d), is a marker 
associated with an increased risk for cardiovascular (CV) morbidity 
and mortality in subjects with diabetes4,5 or hypertension,6 and in the 
general population.7-9 Screening for microalbuminuria, either alone or in 
combination with screening for hypertension and hypercholesterolemia, 
may be a useful tool to identify subjects at risk for CVD and/or progressive 
renal failure.10 Use of antihypertensive agents has been shown to be 
effective in reducing the incidence of cardiovascular events (CVEs).11

Antihypertensive interventions, particularly with angiotensin-converting 
enzyme (ACE) inhibitors, have been reported to lower UAE in subjects with 
or without diabetes.11,12 However, it is not known whether an intervention 
focusing specifically on the reduction of UAE will result in a decrease in 
CVEs. Therefore, the Prevention of REnal and Vascular ENdstage Disease 
Intervention Trial (PREVEND-IT)13 was designed to assess the effects of 
an ACE-inhibitor on the incidence of CVEs in subjects with elevated UAE. 

Various trials have reported the benefits of CVD prevention. In studies 
reporting the cost-effectiveness of secondary prevention,14-18 most have found 
favourable cost-effectiveness for the use of ACE-inhibitors in preventing 
CVEs in high-risk subjects. However, there have been few investigations of 
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their cost-effectiveness in primary prevention, particularly with respect to 
nephrology markers.19,20 Prevention based on albuminuria measurement 
in the general community may be an option for primary prevention. 
Golan et al21 reported that treatment with ACE-inhibitors in subjects with 
macroalbuminuria (UAE > 300 mg/d) and diabetic nephropathy was cost-
effective in preventing end-stage renal disease. Palmer et al22 found that the 
use of angiotensin-receptor antagonists in subjects with diabetes was more 
cost-effective, when compared with other antihypertensives used to improve 
life expectancy, if treatment was started during the early microalbuminuria 
stage (i.e., UAE > 30 mg/d). However, Boulware et al23 found that screening the 
general population for albuminuria was not cost-effective when considering 
renal outcomes (end-stage renal disease). As of the time of writing, no cost-
effectiveness study has been directed at the prevention of CVEs (PubMed; up 
to 2005; key terms: cost-effectiveness, albuminuria, cardiovascular diseases). cost-effectiveness, albuminuria, cardiovascular diseases). cost-effectiveness, albuminuria, cardiovascular diseases
Therefore, the present study aimed to investigate the cost-effectiveness of 
screening for albuminuria to prevent CVEs with ACE-inhibitor treatment 
using data from the Prevention of REnal and Vascular ENdstage Disease 
(PREVEND) and PREVEND-IT.8,13,24,25  

PREVEND-IT compared the effect of the ACE-inhibitor fosinopril and 
the 3-hydroxy-3-methylglutarylcoenzyme A-reductase inhibitor pravastatin 
on the incidence of CVEs in subjects with albuminuria (> 15 mg/d) and 
normal blood pressure and serum cholesterol levels.13 During a 4-year 
treatment period, fosinopril was associated with a significant reduction 
in albuminuria compared with placebo (20.9% decrease vs 4.7% increase, 
respectively; p < 0.001) and numerically fewer CVEs (p = NS). The fosinopril 
group had a 40% lower incidence of CVEs compared with the placebo group 
(number needed to treat [NNT], 38). Subjects with microalbuminuria (> 50 
mg/d) had a 60% lower incidence of CVEs than those in the placebo group 
(NNT, 13). Pravastatin treatment was not associated with a significant change 
in the incidence of CVEs (4.8% decrease related to pravastatin vs 5.6% in 
placebo; hazard ratio 0.87 [95% CI, 0.49-1.57]). Because the present analysis 
was based on the non-significant trend toward fewer CVEs with fosinopril 
in PREVEND-IT, it should be interpreted as a hypothesis-generating study 
whose findings need confirmation in larger multicenter trials. 

Subjects and methods

PREVEND and PREVEND-IT

The design and principal results of the PREVEND-IT13 and PREVEND 
study have been reported in detail elsewhere. PREVEND-IT is part of 
the ongoing PREVEND study,8,24 and subjects for PREVEND-IT were 
recruited from the PREVEND cohort. The PREVEND study was designed 
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to study the impact of albuminuria levels on CV and renal morbidity 
and mortality in the general Dutch population. In 1997-1998, the pre-
screening phase began when all inhabitants aged 28-75 years in the city of 
Groningen (N = 85,421) were invited to send in a morning urine sample 
for measurement of the urinary albumin concentration (UAC) and to 
complete a questionnaire on demographic characteristics and CV history 
(figure 1). Responses were received from 40,856 persons. Based on their 
UAC, subjects were invited for further study. Of the 40,856 responders, 
9966 had a UAC ≥ 10 mg/L. Excluded from further study were diabetic 
subjects (n = 167), pregnant women (n = 60) and those who declined to 
participate (n = 3739). Two urine samples were collected in a 24-hour period 
from each of the remaining 6000 subjects. These subjects were invited to 
the outpatient clinic for testing and further assessment of CV risk factors 
and CV and renal morbidity. At this stage, subjects with erythrocyturia 
or leukocyturia, known renal disease, or missing data were excluded. Of 
the final group of subjects, 3964 had normal UAE (< 15 mg/d); 1105 had 
high-normal UAE (15-30 mg/d); 931 had microalbuminuria (UAE 30-300 
mg/d), including 498 with high microalbuminuria (UAE 50-300 mg/d); 
and 82 had macroalbuminuria (UAE > 300 mg/d).26

Formal inclusion criteria for the PREVEND-IT study were persistent 
albuminuria (1 UAC measurement > 10 mg/L and ≥ 1 UAE measurement of 
15-300 mg/d), blood pressure <160/100 mmHg (threshold for normal blood 
pressure according to Dutch guidelines at the time of the design of the study27pressure according to Dutch guidelines at the time of the design of the study27pressure according to Dutch guidelines at the time of the design of the study ), 
no use of antihypertensive or lipid-lowering drugs, and total plasma cholesterol 
< 8.0 mmol/L (< 5.0 mmol/L in the case of previous myocardial infarction). 

Eight hundred sixty-four subjects who fulfilled the inclusion criteria 
were willing to participate in the study. These subjects were randomized 
to receive fosinopril 20 mg, fosinopril placebo, pravastatin 40 mg, or 
pravastatin placebo in a 2 x 2 factorial design.13 The primary end point 
of PREVEND-IT was the incidence of CVEs, defined as CV mortality, 
nonfatal myocardial infarction or myocardial ischemia, heart failure, 
peripheral vascular disease, or cerebrovascular attack.  

The CVE rate in the PREVEND-IT population was 15%. The planned 
sample size of 450 subjects in each arm (450 fosinopril vs 450 placebo or 
450 pravastatin vs 450 placebo, based on the 2 x 2 factorial design) provided 
a power of 80% to detect a significant difference in the incidence of CVEs 
between the active treatment and placebo arms.13

Subjects included in PREVEND-IT had a mean (SD) age of 51 (2) years, 
and 65% were male. They had relatively normal systolic and diastolic blood 
pressure (130 [18]/76 [10] mmHg) and cholesterol levels (5.8 [1.0] mmol/L). 
Median UAE was 22.8 (15.8-41.3) mg/d. During follow-up (46 [7] months), 
the primary end point occurred in 45 (5.2%) subjects, 17 (3.9%) in the 
fosinopril group (n = 431) and 28 (6.5%) in the placebo group (n = 433) 
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Figure 1  Flow chart of the design and subjects experiencing the primary end point (a 
cardiovascular event [CVE]) of PREVEND-IT (Prevention of REnal and Vascular 
ENdstage Disease Intervention Trial). UAC = urinary albumin concentration; 
UAE = urinary albumin excretion; RCT = randomized clinical trial.

(hazard ratio, 0.60; 95% CI, 0.33 – 1.10; p = 0.098, log-rank test). Because 
of the 2 x 2 factorial design, patients in both the fosinopril and placebo 
groups also may have received pravastatin (figure 1, Table 1). In post 
hoc analysis, this effect differed in subjects with a UAE > 50 mg/d who 
received fosinopril, whereby a relative risk reduction in CVEs of up to 60% 
was observed (5.2% vs 13.0%; p = NS). Also a significantly worse prognosis 
for event-free survival was associated with a UAE > 50 mg/d in subjects 
receiving placebo (p = 0.008). The primary end point occurred in 21 (4.8%) 
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subjects in the pravastatin group (n = 433) and 24 (5.6%) subjects in the 
placebo group (n = 431) (hazard ratio, 0.87; 95% CI, 0.49-1.57; p = NS).13

Study design

The present study was a cost-effectiveness analysis with a focus on net costs 
per life-year gained (LYG).28,29 In all calculations, fosinopril treatment 
was assumed after detection of a UAE above the defined threshold. In the 
baseline analysis, this threshold was set at 15 mg/d. For efficacy, subjects 
receiving fosinopril (n = 431) were compared with subjects receiving 
placebo (n = 433), regardless of the receipt of pravastatin in the 2 x 2 
factorial design. This approach optimized the number of subjects included 
in the economic analysis. In the sensitivity analysis, cost-effectiveness 
was analyzed based on age (> 50 and > 60 years13), and the cut-off for 
albuminuria was varied (> 30 and > 50 mg/d).

The study adopted the Dutch health-care perspective and focused on 
the costs of hospital resource use for CVEs: hospitalizations, diagnostic 
tests, and therapeutic procedures. Additionally, the estimated costs of 
screening and fosinopril treatment were included. Patient-level data on 
resource use were collected over the full study follow-up. All costs were 
expressed in 2002 euros. 

Table 1  Primary end points of the Prevention of REnal and Vascular ENdstage Disease 
Intervention Trial.

Primary end point Fosinopril
(n = 431)

Placebo
(n = 433)

Cardiovascular death 3 3
Non-fatal myocardial infarction
 Percutaneous transluminal coronary angioplasty
 Coronary arterial bypass grafting

12
5
4

11
4
2

Heart Failure 0 2
Peripheral arterial disease 1 2
Cerebrovascular disease (stroke) 1 10
Total cardiovascular events 17 28

Costs

Screening costs were estimated based on data from the PREVEND study 
(Table 2). The costs of inviting 85,421 persons to take part in the pre-
screening program and of pre-screening 40,856 persons were €62,700 for 
apparatus, €76,800 for administration, €61,800 for laboratory materials, 
and €81,400 for personnel. The costs of the subsequent screening program 
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were €73,600 for apparatus, €9100 for administration, €90,000 for 
laboratory materials, and €328,200 for personnel. Personnel costs related to 
research (epidemiologists and statisticians) were excluded, as these would 
not be part of the routine screening program for which cost-effectiveness 
was estimated. The total costs of pre-screening and subsequent screening 
programs were €783,600. The costs of identifying 1 person with a UAE 
between 15 and 300 mg/d were estimated at €385. Limitation of treatment 
to those with UAE > 30 and > 50 mg/d was associated with a higher cost 
identifying 1 such a person (€842 and €1574, respectively).

The costs of fosinopril were based on actual consumption during the 
study follow-up period. The costs of general practitioner (GP) visits (€18/
visit) and pharmacy charges associated with dispensing the prescription 
(€6/prescription per 3 months) were also taken into account. No visits to the 
GP were assumed for adverse effects of fosinopril. The costs of medication 
were obtained from the 2002 Dutch Pharmacotherapeutic Guidelines.30

Hospital costs associated with diagnostic and therapeutic procedures for 
CVEs corresponding to the primary end point were derived by multiplying 
resource use by unit costs taken from Dutch tariffs.31 Daily inpatient costs 
on a regular ward were €199 in a general hospital, €279 in an academic 
hospital, and €889 for an intensive care unit, based on Dutch reference prices 
for pharmacoeconomic evaluations.32,33 These costs included specialist, 
resident physician, and nursing fees; laundry; nutrition; accommodation and 
cleaning; overhead; and equipment.32 Costs for outpatient visits were €40 in a 
general hospital and €70 in an academic hospital.33 Patient-specific costs for 
medications other than the study drugs received during hospitalization were 
not explicitly included (mean costs for nonspecific patient medications are 
incorporated into the cost of the inpatient hospital day). Every subject with 
a reported CVE had different total hospital costs, depending on individual 
diagnostic and therapeutic procedures, length of hospital stay, and number 
of visits to the outpatient clinic. 

Table 2  Costs of screening for albuminuria in the general Dutch population, based on the 
Prevention of Renal and Vascular ENdstage Disease study.

Screening Stage Cost, Year 2002 €
Pre-screening (n = 85,421) 282,727
Screening (n = 6000) 500,90
Identification of 1 person with a UAE* above the 
specified threshold
 > 50 to < 300 mg/d (n = 498) 1574
 > 30 to < 300 mg/d (n = 931) 842
 > 15 to < 300 mg/d (n = 2036) 385
*UAE = urinary albumin excretion
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Cost-Effectiveness Analysis

The cost-effectiveness ratio (CER) was expressed in net costs per LYG. Net 
costs resulted from the costs of screening and fosinopril treatment minus 
the benefits of averted costs related to averted events (i.e. screening/treating 
vs no screening/”doing nothing”). Calculating of LYG was based on losses 
in the remaining life expectancy of subjects with CVEs in both groups 
(fosinopril and placebo). Loss in remaining life expectancy after a CVE 
was estimated using a Dutch adaptation of data from the Framingham 
Study2 and standard Dutch life tables (data for 1998-2002, Central Bureau 
of Statistics).34 Table 3 lists these assumptions (interpolations were used 
for ages between those presented). Monetary amounts and LYG were 
discounted at 4%, according to Dutch guidelines for pharmacoeconomic 
research .35

Statistical Analysis

Bootstrapping of PREVEND-IT data (10,000 replications) was used to derive 
95% CIs for the CER and threshold probabilities.36-39 The bootstrap calculation 
was performed with S-Plus version 7.0 software (Insightful Corporation, 
Seattle, Washington). To describe uncertainty in estimates of the CER, we 
constructed acceptability curves.40 These curves show probabilities that the 
screen-and-treat-intervention is acceptable given a specific threshold, above 
which the CER is considered favourable. In cost-effectiveness acceptability 
analyses, we report the median CER and the percentage corresponding to 
€20,000/LYG, as this figure is the only published threshold for the Netherlands 
(no formal threshold exists in the Netherlands for cost per quality-adjusted 
life-year [QALY]).41 However, this threshold is subject to controversy and its 
use should be interpreted with caution.42,43

Sensitivity Analysis

Sensitivity analysis was directed at the performance of the intervention 
in various subgroups and the potential for targeted implementation. For 
example, analyses were done for the screening of specific age groups (in 
particular, > 50 years and >60 years). Additionally, the post hoc analyses 
were conducted on subjects with UAE > 30 mg/d and those with a UAE > 50 
mg/d, using the specific costs of identifying 1 person with a UAE above these 
thresholds. Differences in the results of the sensitivity and baseline analyses 
were related to the effectiveness of fosinopril in the various subgroups and 
the costs required to identify 1 person eligible for fosinopril treatment. 
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Table 3  Remaining life expectancy at various ages in the general population* and in 
subjects who have had a cardiovascular event (CVE).†

Age General
Population, y

After a
CVE, y

Men
 50 years 27.8 15.9
 60 years 19.3 12.3
 70 years 12.1  8.8
 80 years  6.8  5.3
Women
 50 years 32.4 20.3
 60 years 23.5 16.1
 70 years 15.4 11.0
 80 years  8.7  7.0
*Dutch life tables.34

†Framingham life tables2 adapted to the Dutch population.

Results

The primary end point in the PREVEND-IT trial occurred 17 times in the 
fosinopril group (16 men, 1 women) and 28 times in the placebo group (20 
men, 8 women) (figure 1, table 1).

Costs

In the baseline analysis, the costs of CVEs calculated from the clinical 
trial were €207 and €148 per subject in the fosinopril and placebo groups, 
respectively (table 4). Although fewer events occurred in the fosinopril group, 
per-person costs in that group were higher due to more costly treatments per 
event (more percutaneous transluminal coronary angioplasty and coronary 
artery bypass grafting procedures were performed in this group) (table 1). 
However, differences in the costs of CVEs between the 2 groups were not 
statistically significant. The costs of research were excluded from this analysis. 
The calculated costs were applied to the screen-and-treat and no-screening 
strategies (table 4). Adding the estimated costs of €207 for CVEs, €1296 for 
fosinopril treatment (including GP and pharmacist costs), and screening costs 
of €385 (36% for pre-screening and 64% screening) resulted in total estimated 
costs of €1889 per person (€1809 if discounted). No further screening or 
treatment costs were considered for the no-screening option, resulting in 
a total cost of €148 per person (€139 if discounted) (table 4). Therefore, the 
difference in discounted costs between the screen-and-treat approach and the 
no-screening approach was estimated at €1670 per person. 
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Table 4  Estimated mean costs per person for 2 strategies: screening for albuminuria and 
treating with fosinopril compared with no screening.

Estimated Mean Costs, Year 2002 €
Cost Component Screen and Treat No Screening Incremental
Cardiovascular events 207 143 59
 Procedures 113 68 45
 Hospital contacts 94 80 14
Intervention 1682 0 1682
 Fosinopril 1002 0 1002
 GP and pharmacist fees 295 0 295
 Screening# 385 0 385
Total costs
 Undiscounted 1889 148 1741
 Discounted 1809 139 1670

GP = general practitioner.
#Costs of identifying 1 person with albuminuria in the baseline analysis.

Baseline Cost-Effectiveness Analysis

The higher CVE rate in the placebo group compared with the fosinopril 
group (6.5% vs 3.9%, respectively) translated into an estimated mean 
number of 0.28 discounted life-year lost per person not using fosinopril, 
compared with 0.18 year in those receiving fosinopril. These figures were 
applied to the no-screening and screen-and-treat options, with the result 
that screen-and-treat was estimated to result in 0.10 LYG per person in the 
baseline analysis (slightly > 1 month). 

In the baseline analysis, estimated mean cost-effectiveness was €16,700 
per LYG. Figure 2 shows the corresponding scatter plots for the 10,000 
bootstrap replicates of net cost and effect in the cost-effectiveness plane, 
the estimated mean, and the 95% CI. Results are spread across the first 
and fourth quadrant of the cost-effectiveness plane. The estimated cost-
effectiveness was below the informal Dutch threshold of €20,000/LYG. 

Additionally, we determined the probability that the CER would be 
above or below various thresholds for maximum willingness to pay for 1 
LYG (figure 3). For 50% of the bootstrap replicates in the baseline analysis, 
the estimated cost-effectiveness was below €16,500/LYG. For a maximum 
acceptable costs-effectiveness of €20,000, the probability of the screen-and-
treat option being cost-effective was estimated at 59% (figure 3, table 5). 
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Sensitivity Analysis

In the sensitivity analysis, we analyzed the cost-effectiveness of limiting 
treatment to only those subjects with a UAE > 30 or > 50 mg/d (figures 2 and 
3; table 5). Estimated median CERs for those subjects were lower compared 
with the baseline analysis (€12,000, €7000, and €16,500 for UAE > 30, UAE > 
50, and baseline, respectively), and threshold probabilities increased to > 90% 
for UAE > 50 mg/d. Furthermore, the estimated median cost-effectiveness 
was lower for screening and treating all subjects in the baseline analysis.

Figure 2  Cost-effectiveness of screening for albuminuria and subsequent 
fosinopril treatment compared with no screening (A) in all subjects with 
microalbuminuria (urinary albumin excretion [UAE] > 15 mg/d) (cost-
effectiveness ratio [CER] = €16,700/life-year gained [LYG]) and in sensitivity 
analyses in (B) subjects with UAE > 30 mg/d (CER = €12,000/LYG) and (C) 
subjects with UAE > 50 mg/d (CER = €6900/LYG). Scatter plots represent 10,000 
replicates per analysis using the bootstrap method. Any cost-effectiveness plane 
contains net costs in euros (∆C) on the x axis and LYG as effects (∆E) on the y 
axis. Dotted lines are 95% CIs, the dashed line is the estimated mean, the solid 
line is the informal Dutch pharmacoeconomic threshold (€20,000/LYG).

BAA

C
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Table 5  Median cost-effectiveness ratio (CER) and the probability of acceptable cost-
effectiveness given a threshold of €20,000 per life-year gained in the baseline 
and sensitivity analyses.

Analytic Group Median CER, € Probability of 
Acceptable
Cost-Effectiveness

All subjects (baseline) 16,500 0.59
 UAE > 30 mg/d 12,000 0.72
 UAE > 50 mg/d  7000 0.91
Subjects aged > 50 y 13,600 0.63
Subjects aged > 60 y  6300 0.80

UAE = urinary albumin excretion

Discussion

This study analyzed the cost-effectiveness of using fosinopril for the 
primary prevention of CVEs in subjects with albuminuria (UAE > 15 
mg/d) from the Dutch health-care perspective. We estimated a mean 
CER for screening and subsequent fosinopril treatment (vs no screening) 
of €16,700/LYG. With a maximum acceptable cost-effectiveness for The 
Netherlands of €20,000/LYG, our point estimate would be considered cost-
effective. The baseline analysis indicated an estimated 59% probability of 
the screen-and-treat strategy being cost-effective. Although this percentage 
was not statistically significant for favourable cost-effectiveness, screening 
for albuminuria and subsequent fosinopril treatment appears to be 
worth consideration from a pharmacoeconomic perspective. It should be 
remembered that our study was designed to be hypothesis generating, and 
our results require further information and confirmation.  

In sensitivity analyses, we investigated how the cost-effectiveness 
varied by subgroup. In particular, in subjects aged > 50 years and > 60 
years, a relatively more favourable cost-effectiveness was estimated for a 
UAE cut-off of > 15 mg/d. Also, limiting treatment to those with a UAE > 
30 or > 50 mg/d was associated with improve cost-effectiveness.  

Our study did not explicitly include assumptions about the 
specificity and sensitivity of the testing sequence during screening 
(1 UAC measurement and two 24-hour UAE measurements), although 
testing performance is implicitly incorporated in the analysis. Pre-
screening through measurement of UAC in a spot morning urine sample 
is satisfactorily predictive of the UAE (specificity 85%). Some subjects 
with elevated albumin levels were missed (estimated sensitivity 85%), but 
pre-screening kept the burden and costs of population screening as low 
as possible.44 If a better screening procedure were to become available, 
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Figure 3  Cost-effectiveness acceptability curves for screening for albuminuria and subsequent 
fosinopril treatment compared with no screening (A) in all subjects (baseline) and 
in sensitivity analyses in (B) subjects with urinary albumin excretion (UAE) > 30 
mg/d and (C) subjects with UAE > 50 mg/d. Any curve represents the probability 
of the screen-and-treat approach being acceptable over a range of cost-effectiveness 
thresholds for decision-makers’ willingness to pay. The broken line on the x axis 
indicates the cost-effectiveness ratio of €20,000/life-year gained (informal Dutch 
pharmacoeconomic threshold), and the broken lines on the y axis indicate 50% and 
95% of the probability of acceptance.
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the costs of identifying 1 person with a UAE above a certain threshold 
would be lower and would be probably result in a more favourable cost-
effectiveness outcome. 

Only 1 study was found in the literature comparable to ours. Boulware 
et al23 investigated initial dipstick screening for proteinuria in a general 
population, with follow-up tests to confirm proteinuria and initiate ACE-
inhibitor treatment. The study team’s method of screening for proteinuria 
yielded fewer subjects than our method of screening for albuminuria, 
which explains their higher CERs (US $53,370 - $282,800/QALY gained). In 
particular, because the prevalence of proteinuria was < 1%, their approach 
required screening of many individuals to identify 1 case. In data from the 
PREVEND study,24,25 we found a prevalence of proteinuria of 1.1%, similar 
to that in the study of Boulware et al. However, the prevalence of a UAE > 
15 mg/d was 12.1%,26 on which our current economic study is based. There 
were also differences between Boulware’s and our approach in relation to 
health-care systems and specific implementations (GP-screening based 
vs population-screening based).45 Of greatest importance, Boulware et 
al took into account only those savings that applied to the prevention of 
death from all causes and end-stage renal disease, whereas we focus on 
the effect of ACE inhibition in preventing CVEs. Inclusion of fosinopril 
treatment for subjects with overt proteinuria on screening instead of those 
with a UAE between 15 and 300 mg/d would further improve the cost-
effectiveness of screening, given the favourable cost-effectiveness of ACE-
inhibitor therapy seen in subjects with proteinuria.46

Cost-effectiveness of ACE-inhibitor therapy in non-proteinuric populations 
has been studied. Bjorholt et al18 conducted a substudy of Swedish participants 
in the Heart Outcomes Prevention Evaluation trial to estimate the cost-
effectiveness of ramipril treatment for subjects with CVD or diabetes. Their 
findings indicated net costs of €1940 to €5300/LYG. That estimate included 
treatment only; costs of screening were not considered. Based on our data, 
we estimated the cost-effectiveness of fosinopril treatment in subjects with 
albuminuria at €12,700/LYG (from the baseline analysis).

The PREVEND-IT study was directed at otherwise healthy people 
(no subjects with diabetes, high cholesterol levels, or high blood pressure); 
therefore, concomitant drug use was expected to be relatively low and was 
not considered in the study. 

The strength of our study is that it combines population-based data on 
the prevalence of albuminuria with outcomes of treatment in a subsection of 
that population. Also, the study was based on documented events occurring 
during follow-up of the PREVEND-IT study, minimizing the number of 
assumptions required to perform the entire analysis. The inherent limitation 
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is that it lacks data beyond the specified end point, such as nursing home care 
for stroke, rehabilitation after acute events, and potential rehospitalisation’s, 
with the corresponding costs (lifetime costs of events were not taken into 
account in our analyses). Therefore, the cost-effectiveness may be even more 
favourable. Given the limited period of follow-up in the PREVEND-IT 
study, lifetime health gains were modelled using Dutch data on remaining 
life expectancy and the Framingham life tables.

A major drawback to the PREVEND-IT study was that the apparent 
difference between lowering UAE and the incidence of CVEs was not 
statistically significant, possibly because of limited number of subjects 
included. But, if the PREVEND-IT study, which was performed on an 
intention-to-treat basis, were instead performed on a per-protocol basis, 
the relationship between UAE and CVE would be statistically significant. 
The per-protocol analysis itself can be provided on request. A larger 
sample size with longer follow-up (resulting in more events) might also 
have resulted in a statistically significant difference. Finally, this study 
was limited to a 1-time screening program; inclusion of subsequent 
screening(s) might result in less favourable cost-effectiveness. In general, 
cost-effectiveness analysis based on clinical trial does not reflect the real 
world, and the time frame is limited. 

Further work using our approach should involve the combination of 
a CVE and the progression of renal disease. For that purpose, a Markov 
model could be developed with stages corresponding to albuminuria 
levels, which would offer the opportunity to simulate a periodic screening 
procedure in the general population. Such models have been developed 
with a focus on renal disease in subjects with diabetes, 21,47 but they have 
not formally included CV risks. Also, such a Markov model would allow 
an investigation of cost-effectiveness that included subsequent screening(s) 
and long-term CV and renal outcomes. 

The PREVEND and PREVEND-IT studies were performed in a 
predominantly white population (> 95% of subjects). This may theoretically 
limit the external validity of our analysis. However, in non-white subjects, 
the prevalence of microalbuminuria, as well as the incidence of CVD, 
has been shown to be substantially higher than in white subjects.48-51 We 
believe that screening for albuminuria and subsequent treatment with 
an ACE-inhibitor may be more cost-effective in populations with larger 
proportions of black individuals. In our study, we did not include the cost 
of complications of fosinopril treatment. Adverse events (particularly 
cough) were reported by 3.5% (29) of subjects in PREVEND-IT.13 As these 
adverse events were mild, they did not influence our cost-effectiveness 
estimate. The possibility of these complications leading to noncompliance 
was included in our study design.
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Conclusions

This analysis from a Dutch health-care perspective suggests the potential 
favourable cost-effectiveness of a screening program for albuminuria in the 
general population. The estimated cost-effectiveness of approximately €16,700/
LYG for subjects with a UAE > 15 mg/d was below the Dutch threshold for 
cost-effectiveness . Cost-effectiveness might be further improved by limiting 
screening to predefined subgroups (e.g, by age, by limiting treatment to those 
with higher albuminuria levels). Further research is needed to evaluate our 
findings in other settings using a longer time horizon, including periodically 
repeated screening and lifetime cost estimates. 
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Zwinderman, Academic Medical Center, Amsterdam, The Netherlands. 
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Abstract

Background: Albuminuria has been proven to be associated 
with cardiovascular (CV) events in specific patient populations, 
but also in the general population. This study aimed to investigate 
whether the efficacy of blood pressure lowering agents depends 
on baseline urinary albumin excretion (UAE) and if so, whether 
this holds true for blood pressure lowering agents in general, or is 
limited to agents that interfere in the renin-angiotensin system. 
Methods: Data were used from a community based cohort study and 
pharmacy dispensing records. Included were subjects with hypertension 
(SBP≥140 and/or DBP≥90 mmHg), no cardiovascular disease history, and 
no previous use of blood pressure lowering agents.
Results: During study follow-up (7.1±1.6 years), 122 CV events were 
observed in 1,185 subjects included. Start of blood pressure lowering 
agents versus non-use was associated with a difference in absolute CV 
event risk of 0.7%, 6%, and 12.6% for all subjects, those with UAE ≥15 mg/
day, and ≥30 mg/day, respectively. Cox regression analysis showed that the 
relative risk for CV events after start of blood pressure lowering agents 
was significantly dependent (P<0.05) on baseline UAE; with Hazard ratios 
(HR) of 0.87 (95% CI: 0.48-1.60, P=NS), 0.58 ( 95% CI: 0.36-0.94, P<0.05), 
and 0.37 (95% CI: 0.20-0.68, P<0.05), for subjects with UAE <15, ≥15 and 
≥30 mg/day, respectively. Results adjusted for covariates were essentially 
similar. The use of ACEi/ARB treatment tended to be associated with 
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a more favourable CV prognosis when compared to non-ACEi/ARB 
treatment (difference P =0.06).
Conclusion: Our results suggest that the efficacy of blood pressure 
lowering agents to prevent CV events is dependent on baseline albuminuria. 
The higher baseline albuminuria, the more absolute as well as relative risk 
reduction can be achieved. This seems especially the true for ACEi/ARBs. 
We caution that this is an observational study, and that these conclusions 
should therefore be regarded as hypothesis generating, rather than 
hypothesis testing.

Introduction

Blood pressure lowering agents are prescribed to lower the cardiovascular 
event rate. Ideally, these agents should be prescribed preferentially to those 
subjects at increased cardiovascular risk1-4. Risk prediction models have 
been developed to estimate the cardiovascular risk of an individual, such as 
the Framingham Risk Score and the SCORE Risk Model. These prediction 
models take into account various risk factors for cardiovascular disease, as 
well as signs of atherosclerosis related end organ damage. In general, these 
risk prediction models do not contain urinary albumin excretion5.

In various cross-sectional studies it has been found that albuminuria 
is associated with cardiovascular risk factors such as age, gender, 
blood pressure, cholesterol, glucose, body mass index and smoking6-13. 
Prospective studies have shown that higher albuminuria levels predict 
worse cardiovascular outcome, even independent of the aforementioned 
risk factors. Such observations were done not only in subjects with diabetes 
and hypertension, but also in the general population14-20. It is therefore 
tempting to hypothesize that especially subjects with higher albuminuria 
levels may benefit from blood pressure lowering agents to improve their 
cardiovascular outcome21.

Recently we completed the PREVEND IT Study, a prospective study 
in which subjects were randomized to placebo or the ACE inhibitor 
fosinopril22. To be eligible subjects had to have albuminuria in excess of 15 
mg/day and normal blood pressure and cholesterol, as defined by prevailing 
guidelines for general practitioners at the start of the study in 1998. In these 
subjects, apparently at low cardiovascular risk, the ACE inhibitor lowered 
the incidence of cardiovascular events. In subjects with higher baseline 
albuminuria the absolute risk reduction with ACE inhibition was greater. 
Of more interest was the observation that also the relative risk reduction 
with the ACE inhibitor was found to be dependent on baseline albuminuria: 
the higher baseline albuminuria, the greater the relative risk reduction22. 
Since the PREVEND IT study is placebo controlled, it is impossible to 
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ascertain whether the reduction in cardiovascular event rate is due to an 
ACE inhibitor specific effect, or merely due to the blood pressure lowering 
effect of this drug class. Furthermore, participants of the PREVEND IT 
study were only included with persistent albuminuria and therefore it was 
not formally tested whether the relative risk reduction with active therapy 
was significantly greater in subjects with high versus low albuminuria levels.

To provide answers to these issues we decided to analyze data obtained 
in a community based prospective cohort study, investigating whether the 
efficacy of blood pressure lowering agents to lower cardiovascular event 
rate is dependent on baseline albuminuria. Second, if such an effect is to be 
found, to study whether this effect is specific for agents that interfere with 
the renin-angiotensin system (ACE/ARBs) or can also be observed with 
other classes of blood pressure lowering drugs.

Methods

Study design and population

This analysis uses data of the PREVEND study, a prospective observational 
cohort study designed to investigate the impact of albuminuria on 
the development of renal and cardiovascular diseases in the general 
population. The design of the PREVEND study has been described in detail 
elsewhere13,23, and can be found on www.PREVEND.org. In summary, 
participating subjects were selected in 1997 from 40,856 individuals from 
the general population. A cohort aged 28-75 years, enriched for higher 
levels of albuminuria was drawn from these individuals. A total of 8,592 
subjects gave written informed consent and were included in the baseline 
screening that took place between 1997 and 1998. The PREVEND study 
has been approved by the local medical ethics committee and is conducted 
in accordance with the guidelines of the declaration of Helsinki.

For the present analyses we included those individuals who had 
detailed pharmacy records on drug use available, who were at the date 
of the baseline screening hypertensive (defined as SBP ≥140 and/or DBP 
≥90 mmHg4), without a cardiovascular disease history and not using 
blood pressure lowering agents (Figure 1). For the remaining subjects, 
it was evaluated whether they did or did not start using blood pressure 
lowering drugs during study follow-up (“non-users” and “starters”, 
respectively) (Figure 1). In both groups the incidence of cardiovascular 
events was studied during follow-up. Of note, subjects that started using 
blood pressure lowering drugs after a cardiovascular event took place were 
classified as “non-users”, since these subjects were not exposed to blood 
pressure lowering drugs before the event occurred. 
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Measurements and definitions

The baseline screening procedure consisted of a physical examination and 
a questionnaire on demographics and medical history. During the physical 
examination, weight, height and blood pressure were measured. Body 
Mass Index (BMI) was calculated as weight (kg) divided by the square of 
height (m2). Systolic and diastolic blood pressures were measured on two 
occasions in supine position on the right arm every minute for 10 minutes, 
with an automatic Dinamap XL model 9300 series monitor (Johnson-
Johnson Medical Inc., Tampa, FL, USA). Blood pressure was calculated as 
the mean of the last two measurements at both occasions. Mean arterial 
pressure (MAP) is assessed as one third of the systolic blood pressure and 
two thirds of the diastolic blood pressure. Additionally, fasting blood 
was drawn for the determination of total cholesterol, glucose and serum 
creatinine levels. Furthermore, for the measurement of albuminuria two 
24-hour urine samples were collected after thorough oral and written 
instructions on how to perform urine collection.

Plasma total cholesterol, plasma glucose and serum creatinine 
were determined by Kodak Ectachem dry chemistry (Eastman Kodak, 
Rochester, NY, USA), an automatic enzymatic method. Serum creatinine 
was measured by photometric determination with the Jaffe method without 
deproteinization (Merck KgaA, Darmstadt, Germany). Glomerular 
filtration rate (eGFR) was estimated using the Modification of Diet in 
Renal Disease (MDRD) formula. Urine albumin concentration (UAC) 
was determined by nephelometry (Dade Behring Diagnostic, Marburg, 
Germany). Albuminuria is given as the mean urinary albumin excretion 
in the two 24-hour urine collections (UAE in mg/day).

Information on drug use

Data on drug use was obtained from the IADB database, which comprises 
pharmacy-dispensing data of community pharmacists located in the 
Northern and Eastern part of the Netherlands24. These pharmacies provide 
the IADB database a complete listing of patient-specific dispensed drugs25. 
The pharmacy data contain information about patient-specific drugs 
dispensed; e.g. the name of a drug, the ATC (Anatomical Therapeutical 
Chemical) classification, the date of prescription, the number of days for 
which a drug was prescribed, and the number of dispensed defined daily 
doses (DDD). DDDs for blood pressure lowering drugs have been defined 
by the WHO with units representing dosages with approximately similar 
efficacy. For instance, enalapril 20 mg od has been defined in 1 DDD, as 
is amlodipine 10 mg od and metoprolol SR 100 mg od26. Correcting for 
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dispensed DDD in regression analysis allows among others for comparison 
of efficacy between drugs within a class and between classes.

Blood pressure lowering drug use was defined as at least one prescription 
of antihypertensives (ATC = ‘C02’), diuretics (ATC = ‘C03’), beta-blockers 
(ATC = ‘C07’), calcium-channel blockers (ATC = ‘C08’) or ACE inhibitors/
Angiotensin-II receptor blockers (ATC = ‘C09’). Information on drug use 
was available from at least half a year before the baseline screening until 
date of death or end of follow-up. 

PREVEND cohort
(n = 8592)

Pharmacy data available
(n = 8296)

BP ≥140 or ≥90 mm
Hg without CV history (n = 1770)

Blood pressure lowering drug use
before baseline screening?

BPLDs
(n = 585)

No BPLDs
(n = 1185)

Blood pressure lowering 
drugs a�er baseline 

screening?

Non-users
(n = 420)

Starters
(n = 765)

Figure 1  Study-population selection. Abbreviations are: BP, blood pressure; CV, cardiovascular 
disease; BPLD, blood pressure lowering drugs. 
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Outcome definitions

The primary outcome variable “cardiovascular events” was defined 
as a composite endpoint consisting of the incidence of cardiovascular 
morbidity or mortality during follow-up. Follow-up time was defined as 
the period from the date of urine collection of the participant to the date of 
first cardiovascular event, last contact (census) date or December 31st 2005. 
In case a person had moved to an unknown destination, the date on which 
the person was removed from the municipal registry was used as census 
date. Data on cardiovascular morbidity was obtained from PRISMANT, 
the Dutch national registry of hospital discharge diagnoses27. Causes 
of death were obtained from the Dutch Central Bureau of Statistics28. 
All data were coded according to the International Classification of 
Diseases (ICD), 9th revision and the classification of interventions. For 
this study cardiovascular events were defined according the Major 
Adverse Cardiovascular Events (MACE) criteria as acute myocardial 
infarction (ICD-code 410), acute and sub acute ischemic heart disease 
(ICD-code 411), subarachnoid haemorrhage (ICD-code 430), intracerebral 
haemorrhage (ICD-code 431), other intracranial haemorrhage (ICD-code 
432), occlusion or stenosis of the precerebral (ICD-code 433) or cerebral 
arteries (ICD-code 434), coronary artery bypass grafting or percutaneous 
transluminal angioplasty, and other vascular interventions as percutaneous 
transluminal angioplasty or bypass grafting of aorta peripheral vessels.  

Statistical analyses

Baseline characteristics are reported as mean and standard deviation 
for continuous variables and as a percentage for categorical variables. 
Differences in characteristics between starters on blood pressure lowering 
drugs and non-users were tested for continuous variables by Student’s 
t-test, for categorical variables by a chi-square test, and for variables with 
skewed distribution by a Mann-Whitney test. 

In our observational analysis, we compared the effect of starting 
blood pressure lowering drugs versus no use concerning the incidence 
of the composite endpoint of cardiovascular morbidity and mortality. A 
crude relative risk was calculated for subjects that started blood pressure 
lowering drugs during follow-up for the incidence of the composite 
endpoint using a univariate Cox regression model and with subjects not 
using blood pressure lowering drugs as reference category. Multivariate 
Cox regression models were built to estimate a relative risk adjusted for 
baseline characteristics (age, sex, BMI, smoking, MAP, cholesterol, glucose, 
serum creatinine, eGFR, albuminuria, start of lipid lowering drugs and 
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start of blood glucose lowering drugs). Furthermore, propensity scores 
were applied in the regression models (next to other covariates) to account 
for differences in characteristics between the index group (“starters”) 
and the reference group (“non-users”)29,30. The propensity score for 
an individual can be used to reduce bias by indication in observational 
studies by means of weighing covariates associated with start of drugs. In 
our analyses, the estimated propensity score for blood pressure lowering 
drug use was obtained from the fit of a logistic regression model including 
the following variables: age, sex, BMI, smoking, MAP, cholesterol, glucose, 
serum creatinine, eGFR, albuminuria, start of lipid lowering drugs and 
start of blood glucose lowering drugs. 

This study aims at investigating the effect of blood pressure lowering 
drugs in preventing cardiovascular events in relation to baseline 
albuminuria level. Cox proportional hazards regression analysis was 
used to assess such a possible interaction, crude as well as adjusted for 
covariates. For this purpose an interaction term was included “start of 
blood pressure lowering agent” times “albuminuria level”. In case the 
interaction term contributed significantly to the model, it was decided 
that the efficacy of blood pressure lowering agents depends on baseline 
albuminuria and further analyses were to follow. In the first analysis, the 
threshold defining elevated albuminuria was set at an urinary albumin 
excretion level of 15 mg/day, consistent with previous work22. An additional 
analysis was performed in subjects with albuminuria ≥30 mg/day. Further 
analyses were conducted investigating first the effect of the level of drug 
exposure, and second, the efficacy of ACE inhibitors/angiotensin-II 
receptor blockers (ACEi/ARB) versus non-ACEi/ARB agents in preventing 
cardiovascular events. For the analysis with respect to blood pressure 
lowering drug exposure, patient-specific total number of prescribed DDD 
were calculated and divided by total days of study follow-up from date 
of first screening until the date of a first event, or until the census date, 
or until 31st December 2005. Exposure is expressed as average number of 
DDD per day (DDD/day).  

All analyses were conducted using the statistical package SPSS 
14.0 (SPSS, Chicago, IL). A P-value <0.05 (two-tailed) was considered 
statistically significant.
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Table 1 Baseline characteristics
UAE <15mg/d (N = 611) UAE ≥15mg/d (N = 574)

Non-user 
(n=291)

Starter 
(n=320)

P-value Non-user 
(n=129)

Starter 
(n=445)

P-value

Age (year, (SD)) 52.9 (12.5) 56.0 (11.3) 0.001* 55.4 (12.4) 58.6 (10.7) < 0.01*

Gender (male, %) 56.0 54.7 0.74† 72.1 62.9 0.06†

BMI (Kg/m2, (SD)) 27.1 (3.9) 27.1 (3.8) 0.93* 28.4 (4.9) 28.5 (4.4) 0.88*

Smoking (%) 34.7 38.4 0.34† 42.6 42.9 0.95†

DBP (mmHg, (SD)) 80.6 (7.5) 83.7 (7.3) <0.001* 82.4 (7.4) 86.9 (9.4) <0.001*

SBP (mmHg, (SD)) 148.1 (8.3) 154.0 (13.1) <0.001* 151.2 (10.3) 159.5 (15.9) <0.001*

MAP (mmHg, (SD)) 103.1 (6.5) 107.2 (7.4) <0.001* 105.3 (7.1) 111.1 (10.0) <0.001*

Plasma cholesterol 
(mmol/l, (SD))

6.0 (1.3) 5.9 (1.3) 0.40* 5.8 (1.3) 6.0 (1.3) 0.28*

Plasma glucose 
(µmol/l, (SD))

4.9 (1.0) 5.0 (1.0) < 0.05* 5.5 (1.9) 5.5 (1.9) 0.68*

Serum creatinine 
(µmol/l, (SD))

83.3 (15.2) 83.6 (16.3) 0.77* 86.6 (18.8) 86.9 (18.7) 0.84*

eGFR (ml/
min/1.73m2, (SD))

80.6 (14.4) 78.7 (14.3) 0.10* 80.3 (14.1) 77.3 (14.7) <0.05*

Albuminuria (mg/
day, (95%CI))

8.5 (3.1-
14.8)

8.9 (0-15.0) 0.07‡ 30.7 (15.0-
763.9)

35.5 (15.1-
2688.9)

0.06‡

Start of lipid 
lowering drugs (%)

11.3 35.0 <0.001† 20.9 48.3 <0.001†

Start of blood glucose 
lowering drugs (%)

3.1 10.0 <0.001† 6.2 17.1 <0.05†

Continuous variables are presented as mean and standard deviation (SD) and categorical variables 
as percentage. Urinary albumin excretion is given as geometric mean and 95% CI. BMI, Body 
Mass Index; DBP, diastolic blood pressure; SBP, Systolic blood pressure; MAP, Mean arterial blood 
pressure; eGFR, estimated glomerular filtration rate. *t-test. † χ2 test. ‡Mann-Whitney test.

Results

Baseline characteristics

Of the PREVEND cohort consisting of 8,592 subjects, complete pharmacy 
data was available for 8,296 participants (Figure 1). Subjects with normal 
blood pressure (<140/90 mmHg) and with a cardiovascular disease history 
were excluded (n = 6,526). Out of the 1,770 subjects with elevated blood 
pressure, 585 participants received at least one prescription of a blood pressure 
lowering drug during the half year period before the baseline screening and 
were therefore excluded. Of the remaining 1,185 subjects followed in this 
observational study, 765 participants started and 420 participants did not 
start using blood pressure lowering drugs during follow-up (Figure 1).
The baseline characteristics of these latter two groups are reported in Table 1. 
For this table subjects were divided in different groups based on albuminuria 
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level (Urinary Albumin Excretion; UAE) and whether or not they started use 
of blood pressure lowering drugs after the baseline screening. Those who 
started use of blood pressure lowering drugs had significantly higher age 
and blood pressure, and more frequently started use of lipid lowering and 
blood glucose lowering drugs as compared to the “non-user” group, both in 
the normal (UAE <15 mg/d) and the elevated (UAE ≥15 mg/d) albuminuria 
groups. Furthermore, in subjects with normal albuminuria the “starter” 
group had significantly higher glucose levels and in subjects with elevated 
albuminuria “starters” had a lower eGFR. 

Follow-up data

Total follow-up for this observational study until occurrence of a cardiovascular 
disease event, census date or until the end of the study period amounted 8,378 
person years, with a mean follow-up of 7.1 years (SD: 1.6) per subject included. 
Table 2 shows the number of (first) cardiovascular events that occurred 
during follow-up, both with respect to the composite endpoint, as well as 
the individual components. As the current study was designed as a ‘time-
to-first-event’ study, only first events are shown. The composite endpoint of 
cardiovascular morbidity and mortality occurred in 122 (11.2%) subjects, with 
42 (6.9%) in the normal albuminuria group (n = 611) and 80 (13.9%) in the 
elevated albuminuria group (n = 574). These data show that participants with 
elevated albuminuria have a higher risk to reach the composite endpoint as 
compared to subjects without elevated albuminuria, with a crude relative risk 
(RR) of 2.03 (95% Confidence Interval (CI): 1.42-2.90). 

Table 2  Incidence of the composite cardiovascular end-point, and individual components in 
all subjects, stratified according to albuminuria class. Since analyses are time-to-first 
event based, for participants included only first events during follow-up are presented.

All subjects
(n = 1185)

UAE <15 mg/d
(n = 611)

UAE ≥15 mg/d
(n = 574)

Composite endpoint (%) 122 (11.2) 42 (6.9) 80 (13.9)
Individual components:
 Cardiovascular death 3 1 2
  Non-fatal events
  - Cardiac* 78 29 49
  - Cerebrovascular† 31 11 20
  - Peripheral disease‡ 10 1 9
*Cardiac disease events: Myocardial infarction, Ischemic Heart Disease, Coronary Artery 
Bypass Grafting, Percutaneous Transluminal Coronary Angioplasty; †Cerebrovascular 
disease events: Subarachnoid haemorrhage, Intracerebral Haemorrhage, Occlusion and 
Stenosis of Precerebral Arteries, Occlusion of Cerebral Arteries, ‡Peripheral vascular disease 
events: Aorta Peripheral Bypass Surgery, Percutaneous Transluminal Femoral Angioplasty



Chapter 7

132

0

5

10

15

20

25

30

All subjects UAE < 15 mg/day UAE  ≥  15 mg/day UAE  ≥  30 mg/day

Ab
so

lu
te

 R
isk

 (A
R)

Non-users

Starters

10.7 10.1

7.2
6.6

18.6

12.6

24.6

12.0

N =          420       765                            291       320                129      445                              65        258   

P = 0.80

P = 0.11

P < 0.05

P = 0.87

Figure 2  Absolute risk for the incidence of the combined endpoint of cardiovascular 
morbidity and cardiovascular death for subjects that started (“starters”) and did not 
start (“non-users”) treatment with blood pressure lowering drugs during follow-
up. Abbreviations are: UAE, urinary albumin excretion. N indicates the number of 
subjects in each group. Unadjusted p-values* calculated using a chi-square test.* calculated using a chi-square test.*

Notes: *P*P* -values representing the significance level after follow-up correction are P = 0.47, P = 0.47, P
P = 0.66, P = 0.66, P P < 0.05, and P < 0.05, and P P < 0.05, for All subjects, and those subjects with UAE < 15 mg/day, P < 0.05, for All subjects, and those subjects with UAE < 15 mg/day, P
UAE ≥ 15 mg/day and UAE ≥ 30 respectively.

Figure 2 shows the results on the difference in absolute risk for the composite 
endpoint for “starters” on versus “non-users” of blood pressure lowering 
drugs. In the overall population, start of blood pressure lowering drugs 
was associated with a difference in absolute risk for cardiovascular events 
of 0.7% versus no use, which was not statistically significant (P = 0.80). P = 0.80). P
For the subgroup of subjects with normo-albuminuria, comparable results 
were found with a difference in absolute risk of 0.6% (P = 0.87). In contrast, P = 0.87). In contrast, P
the higher baseline albuminuria, the more pronounced the absolute risk 
reduction for the composite endpoint in “starters” versus “non-users” of 
blood pressure lowering drugs. In the subgroup of subjects with albuminuria 
≥15 mg/d the absolute risk amounted 18.6% (“non-users”) versus 12.6% 
(“starters”), with a difference in absolute risk of 6.0% (P = 0. 11), whereas 
in the subgroup of subjects with albuminuria ≥30 mg/d these figures were 
24.6% and 12.0%, respectively (absolute difference 12.6%, P < 0.05). P < 0.05). P

Table 3 shows the unadjusted and adjusted Hazard ratios (HRs) for the 
composite cardiovascular endpoint of subjects that started use of blood 
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pressure lowering drugs during follow-up with subjects that did not use 
such drugs as reference category. For the overall population a statistically 
non-significant difference in the composite endpoint was found for 
subjects starting on blood pressure lowering drugs as compared to non-
users (HR = 0.87; 95% CI: 0.61-1.26). 

After adjustment for baseline characteristics, this difference in risk 
increased and was statistically significant (HR = 0.54; 95% CI: 0.36-0.83, P
< 0.01). Further adjustment with also propensity score did not change this 
notion (HR: 0.52; 95% CI: 0.34-0.80, P < 0.01). P < 0.01). P

Table 2 Effect of start of blood pressure-lowering drugs

N Endpoint
(%)* 

Crude HR 
(95%CI) †

Adjusted HR 
(95%CI) ‡

Adjusted HR 
(95%CI) §

All subjects 
 Non-users 420 45 (10.7) 1.00 1.00 1.00
 Starters 765 77 (10.1) 0.87 (0.61-1.26) 0.54 (0.36-0.83) 0.52 (0.34-0.80)
UAE <15 mg/d
 Non-users 291 21 (7.2) 1.00 1.00 1.00
 Starters 320 21 (6.6) 0.87 (0.48-1.60) 0.55 (0.28-1.10) 0.56 (0.28-1.12)
UAE ≥15 mg/d
 Non-users 129 24 (18.6) 1.00 1.00 1.00
 Starters 445 56 (12.6) 0.58 (0.36-0.94) 0.44 (0.26-0.75) 0.42 (0.24-0.72)
UAE ≥30 mg/d
 Non-users 65 16 (24.6) 1.00 1.00 1.00
 Starters 258 31 (12.0) 0.37 (0.20-0.68) 0.33 (0.16-0.69) 0.31 (0.15-0.65)
Starters only
 Low exposure 
 <0.75 DDD/day

453 48 (10.6) 1.00 1.00 1.00

 High exposure 
 ≥0.75 DDD/day

312 29 (9.3) 0.87 (0.55-1.37) 0.72 (0.42-1.23)|| 0.70 (0.40-1.20)||

Starters only
 Non-ACEi/ARB
 only

219 29 (13.2) 1.00 1.00 1.00

 ACEi/ARB only 155 13 (8.3) 0.63 (0.33-1.22) 0.51 (0.25-1.01)# 0.51 (0.26-1.03)#

*Number of persons and percentage with the composite endpoint (cardiovascular morbidity 
or mortality), †Crude relative risk without any adjustment for baseline characteristics, 
‡Adjusted for age, sex, body mass index (BMI), smoking, mean arterial pressure (MAP), 
cholesterol, glucose, serum creatinine, estimated glomerular filtration rate (e-GFR), urinary 
albumin excretion (UAE), start of lipid lowering drugs and start of blood glucose lowering 
drugs; §Adjusted for all previously mentioned variables including propensity scores; 
|| Additional adjustment for exposure to type of blood pressure lowering drug (categorized 
variable: non-ACEi/ARB only, ACEi/ARB only or both types); #Additional adjustement level of 
exposure to blood pressure lowering drugs (average number of DDD per day). 
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A possible interaction between blood pressure lowering drug use and 
albuminuria on cardiovascular outcome was tested in the overall crude, 
as well as adjusted Cox proportional hazards models. The “start of blood 
pressure lowering agent” times “albuminuria level” interaction term was 
significantly associated with outcome in all models (P < 0.05); indicating P < 0.05); indicating P
that the benefit of blood pressure lowering drugs was greater in subjects 
with higher albuminuria levels. 

Cox proportional hazards regression analyses based on subgroups 
confirmed that the relative risk for cardiovascular events with blood 
pressure lowering drug use depends on baseline albuminuria level with 
unadjusted HRs for all subjects being 0.87 (95% CI: 0.61-1.26, P = NS), for 
subjects with UAE <15 mg/d 0.87 (95% CI: 0.48-1.60, P = NS), for subjects P = NS), for subjects P
with UAE ≥15 mg/d 0.58 (95% CI: 0.36-0.94, P < 0.05), and for subjects 
with UAE ≥30 mg/d 0.37 (95% CI: 0.20-0.68, P < 0.05). Table 3 shows that P < 0.05). Table 3 shows that P
the results are essentially similar after adjustment for age, sex, baseline 
characteristics, start of lipid lowering and blood glucose lowering agents 
and propensity scores. These results are graphically depicted in figure 3. 

Table 4 provides data on only subjects starting blood pressure lowering 
drugs during follow-up. It shows that subjects with higher baseline 
albuminuria have higher exposure to blood pressure lowering drugs. The 
role of exposure to blood pressure lowering drugs was investigated, showing 
that high exposure (average number of DDD/day ≥0.75) was associated 
with lower chance to reach the composite endpoint as compared to low 
exposure (average number of DDD/day <0.75) (Table 3). Since this may 
influence the results obtained, the relative risks to reach the composite 
endpoint denoted in table 3 are in the final model also adjusted for level of 
exposure to blood pressure lowering drugs.

The question whether agents that interfere with the renin-angiotensin 
system (ACEi/ARB) differ from other blood pressure lowering drugs in 
their efficacy to prevent cardiovascular events is also addressed in table 
3. It shows that subjects that used only ACEi/ARB treatment had a HR 
of 0.63 to reach the composite endpoint compared to subjects receiving 
non-ACEi/ARB treatment only. Whereas this difference is not statistically 
significant in the crude analysis, there is trend towards statistical 
significance after adjustment for baseline characteristics, propensity score 
and level of exposure (P = 0.06). As found for the whole group of blood P = 0.06). As found for the whole group of blood P
pressuring lowering drugs, the effect of ACEi/ARB treatment turned out 
to be significantly dependent on baseline albuminuria (P < 0.05 for the P < 0.05 for the P
interaction term “start of ACEi/ARB” times “albuminuria level”). Such an 
association was not found for non-ACEi/ARB treatment.
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Figure 3  Hazard rates for the composite endpoint of cardiovascular morbidity and cardio vascular 
mortality of for subjects that started use of blood pressure lowering drugs versus subjects 
that did not start use of such agents. Abbreviations are: UAE, urinary albumin excretion. 
On the left unadjusted hazard rates. In the middle adjusted hazard rates with adjustment 
for age, sex, body mass index (BMI), smoking, mean arterial pressure (MAP), cholesterol, 
glucose, serum creatinine, estimated glomerular filtration rate (eGFR), urinary albumin 
excretion (UAE), start of lipid lowering drugs and blood glucose lowering drugs. 
On the right adjusted hazard rates with adjustment for all previously mentioned 
variables including propensity scores. P-values calculated using a chi-square test.

Table 2 Exposure to blood pressure-lowering drugs (at least one prescription*)

All subjects
(N = 765)

UAE < 15 mg/d
(N = 320)

UAE ≥ 15 mg/d
(N = 445)

All BPLDs
<0.75 DDD/day 453 (59.2%) 230 (71.9%) 223 (50.1%)
≥0.75 DDD/day 312 (40.8%) 90 (28.1%) 222 (49.9%)

Non-ACEi/ARB only
<0.75 DDD/day 174 (79.5%) 100 (87.0%) 74 (71.2%)
≥0.75 DDD/day 45 (20.5%) 15 (13.0%) 30 (28.8%)

ACEi/ARB only
<0.75 DDD/day 119 (76.8%) 48 (92.3%) 71 (68.9%)
≥0.75 DDD/day 36 (23.2%) 4 (7.7%) 32 (30.1%)

*Subjects included can have received different blood pressure lowering drugs during follow-up. 
Abbreviations are: BPLD, blood pressure lowering drugs; DDD/day, defined daily dose per day; 
ACEi, ACE inhibitor; ARB, angiotensin receptor blocker UAE, urinary albumin excretion.
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Discussion

Next to the finding that blood pressure lowering agents are effective in 
ameliorating the cardiovascular outcome, our observational data show that 
in hypertensive subjects without a cardiovascular disease history the risk 
to reach a cardiovascular event during follow-up is dependent on baseline 
albuminuria. The higher baseline albuminuria in such subjects, the higher 
the risk for cardiovascular disease. As expected, start of treatment with blood 
pressure lowering drugs is associated with a decrease in cardiovascular risk, 
with absolute risk reduction being superior in subjects with higher baseline 
albuminuria and corresponding number needed to treat (NNT) to prevent 
one cardiovascular event of 154, 17 and 8 for all subjects, and those subjects 
with UAE ≥ 15 mg/day and UAE ≥ 30 mg/day, respectively. More interesting 
however, is our finding that the relative risk reduction for cardiovascular 
events with blood pressure lowering agents is also dependent on baseline 
albuminuria. The higher baseline albuminuria, the better the relative risk 
reduction. Furthermore, we found that the cardiovascular protective effect 
of ACEi/ARBs in subjects with higher albuminuria is better than that of 
other blood pressure lowering agents. 

How do these data compare to literature? Several epidemiologic 
studies have shown that albuminuria is a valuable risk marker for 
cardiovascular disease in various patient populations, such as diabetics 
and antihypertensives, but even in the general population14-20. Numerous 
randomised controlled trials have shown that blood pressure lowering agents 
improve cardiovascular outcome31,32. Little is known however, on a possible 
interaction between albuminuria and the cardioprotective efficacy of blood 
pressure lowering agents. As discussed in the introduction section the 
PREVEND-IT study suggested that active treatment versus placebo resulted 
in more absolute and relative cardiovascular risk reduction when compared 
to placebo in subjects with higher pre-treatment albuminuria22. Subgroup 
analysis of the HOPE Study provided similar results33. This study included 
subjects at high cardiovascular risk, and randomized them to placebo or 
the ACE inhibitor ramipril. The relative risk reduction obtained with the 
ACE inhibitor was greater in subjects that were microalbuminuria positive 
when compared to subjects that were microalbuminuria negative. However, 
in both the PREVEND IT study and the HOPE trial it concerned post-hoc 
analyses and their observations were not formally tested. This was reason 
for us to perform the present analyses with a predefined question. Since, 
another study has been published that relates to these findings. The PEACE 
trial found that the ACE inhibitor trandolapril did not improve survival in 
the overall study population of patients with stable coronary artery disease 
and preserved systolic function34. However, in the subgroup of patients 
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with reduced renal function the use of trandolapril was associated with a 
significant reduction in total mortality, as well as in cardiovascular outcome. 
It thus appears that, besides higher albuminuria, also another marker of 
chronic kidney damage, being lower renal function, shows an interaction 
with the use of blood pressure lowering agents on outcome.

All three aforementioned controlled trials (PREVEND-IT, HOPE, 
PEACE) concerned studies that randomized patients to placebo or an ACE 
inhibitor. Thus, it can not be ascertained whether the interaction between 
treatment effect and albuminuria is specific for ACE inhibitors, or is just 
the result of blood pressure lowering of these drugs per se. In this respect 
our findings are of interest that suggest that indeed ACEi/ARBs are superior 
to non-ACEi/ARBs to improve cardiovascular outcome in subjects with 
higher levels of albuminuria. A similar suggestion was done by Reddan et 
al, who found in subjects with an acute coronary syndrome an interaction 
between the effect of ACE inhibitors and glomerular filtration rate on 90 
day mortality rate35. The lower renal function, the more protective ACE 
inhibition. In their analysis such an interaction was not found for other 
blood pressure lowering drugs.

What might be the mechanism of our findings? Albuminuria has 
been shown to be closely correlated with endothelial damage due to 
atherosclerosis36,37. In subjects with higher levels of albuminuria it is to be 
expected that a medical intervention that inhibits the progressive process 
of atherosclerosis, such as blood pressure lowering, will effectively prevent 
cardiovascular events. In contrast, subjects with low levels of albuminuria 
supposedly have little atherosclerosis. It might well be that in these latter 
subjects cardiovascular events are predominantly atherothrombosis 
related. It is less expected that the incidence of such events can be 
ameliorated by blood pressure lowering. Unfortunately, our data set does 
not allow an in-depth analysis of this hypothesis, since it does not contain 
information on the pathophysiological origin of the cardiovascular events 
that were registered during follow-up.

Our present study, together with the supporting data from literature, 
may have important consequences. They suggest that in a subject 
without elevated levels of albuminuria on average the absolute risk for 
a cardiovascular event is relatively low, and that prescription of blood 
pressure lowering drugs will hardly affect this absolute risk. In contrast, in 
hypertensive subjects with elevated levels of albuminuria the absolute risk 
for a cardiovascular event is high. Furthermore, it is to be expected that 
in such patients the prescription of blood pressure lowering agents, and 
especially ACEi/ARB, will result in significant relative, as well as absolute 
risk reduction.  
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A limitation of this study can be found in its design. In contrast to 
randomized clinical trials (RCTs) observational studies are not the standard 
method to assess efficacy of medical intervention. Bias by indication and 
residual (unknown) confounding may play a role in observational studies. 
However, at the moment there are no RCTs that are designed to prospectively 
investigate the interaction between albuminuria levels and efficacy of 
blood pressure lowering drugs. Furthermore, most RCTs have rigid in- and 
exclusion criteria, that result in patient populations that are sometimes 
difficult to compare with broader groups of patients in real life. Therefore, 
results from clinical trial settings and a “real-world” observational setting as 
in this study are of clinical relevance and should be regarded as additive to 
obtain a full picture of the effectiveness of blood pressure lowering drugs38. 
To minimise the potential role of bias by indication a score was calculate 
for the propensity to be prescribed blood pressure lowering medication. 
Our models were adjusted for this propensity score, as recommended for 
observational studies investigating the efficacy of medical intervention29,30. 
Nonetheless, given its observational design, this study should be regarded 
as hypothesis-generating rather than as hypothesis-testing. Prospective 
randomized clinical trials, with a priori defined subgroup analyses according 
to UAE level and with tailored sample size are needed to verify our findings. 

The level of exposure to blood pressure lowering drugs is another 
theoretical limitation. We noticed that the higher the level of albuminuria, 
the greater the level of exposure to blood pressure lowering drugs. 
Theoretically this could explain the higher efficacy of blood pressure 
lowering drugs to prevent cardiovascular events in subjects with elevated 
albuminuria. However, in case our analyses were limited to only subjects 
with high exposure, it was again shown that efficacy of blood pressure was 
dependent on albuminuria before start of treatment with adjusted HRs of 
0.46 and 0.27 (both P < 0.01) for UAE ≥15 mg/day and UAE ≥30 mg/day, 
respectively. Furthermore, in subgroup analyses was not only adjusted for 
baseline characteristics and propensity score, but also for level of exposure. 
We therefore think that our findings are robust. 

In conclusion, our study indicates that the efficacy of blood pressure 
lowering agents to prevent cardiovascular events is dependent of the 
level of albuminuria before start of such treatment. The higher baseline 
albuminuria, the better the relative and absolute risk reduction for 
cardiovascular events with these drugs. These data suggest also that the 
cardiovascular protective effect of ACEi/ARBs in subjects with higher 
albuminuria is better than that of other blood pressure lowering agents. 
We caution that this is an observational study, and that these conclusions 
should therefore be regarded as hypothesis generating, rather than 
hypothesis testing.
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Abstract

Background: Albumiuria has proven to be a renal and cardiovascular 
risk-marker enabling early diagnosis of subjects at risk. This study aimed to 
estimate the cost-effectiveness and budget-impact of various population-
based ‘screen-and-treat’ scenarios for albuminuria. 
Methods: A multi-state transition Markov model was developed to 
simulate ‘natural course’ albuminuria-based disease progression to 
dialysis and occurrence of cardiovascular events. Several population-based 
strategies directed at screening for elevated albuminuria were evaluated. 
Transition probabilities were derived from the observational community-
based PREVEND-cohort study. Health-care costs and life-years gained 
were calculated over an 8-years period. Given current Dutch discussions, 
in the base-case analysis screening and treatment for microalbuminuria 
(urinary albumin concentration ≥20 mg/l and urinary albumin excretion 
≥30 mg/day) was analyzed. Other options were investigated in scenario 
analysis; probabilistic sensitivity analysis was performed. 
Results: Assuming 1000 subjects identified with microalbuminuria in 
the base-case analysis, it was estimated that 76 versus 124 CV-events occur, 
16 versus 27 CV-deaths, and 3 versus 5 dialysis cases simulating screening 
and treatment versus no screening, respectively. The per-person difference 
in net costs for screening was estimated at €926 (€2,003 versus €1,077) and 
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prevention of CV-deaths was estimated to gain 0.0421 discounted life years 
per person. Correspondingly, the cost-effectiveness was estimated at €22,000 
per life-year gained. Probabilistic analysis indicated that the probability of 
a cost-effective ‘screen-and-treat’ strategy was estimated at 54%, 90%, and 
95% for a maximum acceptable cost-effectiveness of €20,000, €50,000, and 
€80,000 per life-year gained, respectively. Higher albuminuria thresholds 
for screening and treatment further improved the cost-effectiveness, 
however reduced overall health gains achieved. Also, through limiting 
screening to those aged over 50 and 60 results became more favourable. 
Conclusion: Our analyses suggest a potential favourable cost-
effectiveness of a population-based screening on albuminuria in the 
general population. Our results should give health-care decision-makers 
further tools to consider actual implementation of a population-based 
screening on albuminuria.

Introduction

End-stage renal disease and cardiovascular (CV) disease are major and 
growing public-health problems, resulting in increasing financial burdens 
to society. Early diagnosis and timely start of treatment are essential goals 
to delay progression to end-stage renal disease and to prevent CV-events.1,2

Higher levels of albuminuria have proven to be both associated with 
higher a renal and CV risk. Screening for albuminuria may therefore 
enable early diagnosis of subjects at risk.3,4 Several studies established that 
lowering of albuminuria using pharmaceuticals – generally with agents 
that interfere with the renin-angiotensin-aldosterone system (RAAS) – 
results in a reduced incidence of CV and renal adverse outcomes in diabetic 
and hypertensive populations, as well as in the general population.4-9

Furthermore, there is only limited evidence on cost-effectiveness of 
screening for microalbuminuria.10 Given these considerations, it may be 
worthwhile to implement population-based screening on and treatment 
of albuminuria in high-risk populations or even the general population 
in order to prevent CV and renal disease by adequate treatment, possibly 
already instituted in the early phases of these diseases.1,2,11,12

However, before such screening strategies can be implemented several 
questions should investigated, in particular regarding cost-effectiveness. 
Firstly, as of yet it is not known which exact albuminuria level to screen for 
with respect to optimal cost-effectiveness. Secondly, targeting screening 
to specific age-groups may be more effective than screening the overall 
population. Obviously, both aspects are crucial in exactly designing a 
screening program. Thirdly, previous studies that investigated cost-
effectiveness of screening for elevated albuminuria were hampered by the 
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fact that they did not include possible benefits with respect to prevention 
of CV disease13-15 or only took data into account that were obtained in a 
randomized clinical trial.10 Inclusion of the full benefits is a prerequisite 
for an adequate cost-effectiveness analysis. Furthermore and as generally 
acknowledged, randomized clinical trial data may not perfectly reflect 
general clinical practice circumstances (e.g. selected populations, fixed 
doses). It is therefore important to also take data into account that may 
better reflect clinical practice. 

The aim of this study was to estimate the cost-effectiveness and 
budget-impact of various population-based ‘screen-and-treat’ scenarios 
directed at several levels of albuminuria, targeting several age-groups, and 
including CV as well as renal outcomes to identify the most favourable 
screening strategy. For this purpose, we used data from a prospective 
observational study. 

Methods

The current analysis was designed for calculating the cost-effectiveness 
of a ‘one-off ’ screening (one screening, not repeated as a periodical 
screening) on albuminuria in the general population. As described below, 
a population-based Markov model was developed based on using data 
from the observational PREVEND (Prevention of REnal and Vascular 
ENdstage Disease) study.16 In the model, disease progression and mortality 
are quantified by annual transition probabilities, representing the disease 
progression or mortality. Supported by actual observational data used (see 
below), we assumed that the disease processes can be progressive, as well as 
regressive. In particular, the annual transition probabilities and mortality 
rates were based on data of the PREVEND study.16,17

Population

The PREVEND study is a prospective study designed to investigate the 
impact of albuminuria on the development of renal and CV-events in 
the general population. Eligible inhabitants of the city of Groningen, the 
Netherlands, were invited to participate (approximately 80,000 persons). 
Subjects for detailed study were selected from the 40,856 participating 
individuals from this general population. A cohort aged 28-75 years, 
enriched for subjects with higher levels of albuminuria, was drawn 
from these individuals. A total of 8592 subjects gave written informed 
consent and were included in the baseline screening that took place 
between 1997 and 1998. These subjects subsequently visited an outpatient 
department with approximately 3-year intervals for follow-up screening. 
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The subsequent screenings allowed actual transitions to be observed and 
subsequently to be recalculated on an annual basis (see below). Also, of 
8592 subjects included for baseline screening, full pharmacy data were 
available for 8296 participants through linkage with pharmacy dispensing 
records of IADB.nl, a database comprising Dutch prescription data.18

In- and exclusion criteria were defined such, to approach the ‘natural 
course’ of disease progression with respect to albuminuria (figure 1). 
Pharmacy dispensing records were used to exclude subjects with (previous) 
use of RAAS-intervening agents. For all subjects included, we excluded 
the time period after start of all types of antihypertensives for calculating 
the transition probabilities. Obviously, start of antihypertensives is 
likely to influence the ‘natural course’ disease progression. Following 
the Anatomical Therapeutical Chemical (ATC) classification, start of 
antihypertensives was defined as at least more than one prescription of 
antihypertensives (ATC = ‘C02’), diuretics (ATC = ‘C03’), β-blockers (ATC 
= ‘C07’), calcium-channel blockers (ATC = ‘C08’) or RAAS-intervening 
agents (ATC = ‘C09’) during follow-up.19

The Model

A Markov model20,21 was used to simulate the natural course of albuminuria 
progression and regression for the general population in Microsoft Excel 
2003. The Markov model consists of eight disease states that reproduce 
renal disease progression to dialysis and incidence of CV-events (figure 2). 
In the model, we applied four albuminuria-based states for the progression 
of renal disease: low-normoalbuminuria (urinary albumin excretion 
[UAE], 0-15 mg/day), high-normoalbuminuria (UAE, 15-30 mg/day), 
microalbuminuria (UAE, 30-300 mg/day), and macroalbuminuria (UAE, 
≥300 mg/day). The model additionally comprises of four outcome states 
defined as CV-morbidity, CV-mortality, all-cause mortality (other than 
CV-mortality), and dialysis.

The model simulates a cohort consisting of 1000 hypothetical subjects 
from the general population. Subjects can switch between albuminuria 
states, to the other health states, or remain in the same health state. Here 
we report on simulations from the Markov model during 8 years, as we felt 
that this period suffices to render cases with renal and CV-events, whereas 
the relatively short time horizon (one could also choose a life-time horizon) 
enhances plausibility, predictive value and validity of the results. Also, an 
8-year follow-up coincides with the current duration of the PREVEND-
study and data availability for the PREVEND-cohort. 
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PREVEND Participants
(n =8592)

Pharmacy dispensing data available
(n =8296)

Population for ‘Natural Course’ disease progression 
(n=6243)

Low-normo  
All : 4956
> 50 : 1554
> 60 : 724

High-normo  
All : 676
> 50 : 312
> 60 : 170

Microalb.  
All : 557
> 50 : 342
> 60 : 212

Macroalb.  
All : 54
> 50 : 32
> 60 : 21

Inclusion criteria: 
Subjects without 
use of RAAS-
intervening 
treatment  in a 
period of 180 days 
before baseline 
screening & during 
follow-up 

Subjects included 
for calculating 
annual transition 
probabilities for 
the di�erent 
Markov states for 
All subjects, those 
aged >50 and >60.

Figure 1  Flow-chart of the inclusion of subjects for calculating the transition probabilities 
applied in the multi-state Markov model.

<15 mg/day

15-30 mg/day

30-300 mg/day

≥300 mg/day

Dialysis

Cardiovascular
Morbidity

Cardiovascular
Mortality

N
on-Cardiovascular M

ortality

Figure 2 Structure of the multi-state Markov model.
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Transition Probabilities

Transition probabilities for CV-events and dialysis were calculated following 
a ‘time-to-first-event’ approach. In particular, we included time until 
occurrence of the first outcome (CV-morbidity, CV-mortality, dialysis or non-
CV mortality) or time until start of antihypertensives or last contact date. 

For modelling purposes, the PREVEND-cohort dataset may be 
conceived as a characteristic one where individuals are monitored through 
time within irregular measurement intervals that vary over individuals. 
Furthermore, we note that the information that is collected in the 
subsequent monitoring visits after baseline screening, reflect the health 
state of the individual at the moment of visit. The health state at the specific at the moment of visit. The health state at the specific at the moment
moment of visit does not provide us with information on possible health 
state changes during the time period between two visits. In other words, 
during screening visits albuminuria-defined states can be determined, but 
the exact transition time point between states is unknown. In contrast to 
this, health outcomes are documented with the exact date on the occurrence 
of an event, inclusive death. Our multi-state Markov model allows for 
estimating transition probabilities from data with irregular time intervals 
between measurements (albuminuria) and health outcomes (CV-disease & 
dialysis).22,23 In particular, transition probabilities for three age-dependent 
groups (all subjects, age >50, age >60) were estimated using the freely-
available R-software msm package.24 The principles of the method for 
calculating transition probabilities based on a discrete multi-state Markov 
model in continuous time are described in detail elsewhere.22-24 Therefore, 
here we only present the overall general principles. 

In principle, the transition probabilities are estimated based on the 
transition intensities, reflecting the rates of a transition from one health 
state to the other. Central to the approach is the transition probability 
matrix, which can be calculated by taking the exponential of the transition 
intensity matrix. Furthermore, transitions between states are assumed to 
occur at any time (discrete events in continuous time) within the observed 
time-intervals and subjects are allowed to progress, regress or remain 
in the same albuminuria-based state within this time-interval. Health-
outcomes states were considered as absorbing states, which did not allow 
subjects to go through the albuminuria-based model after an event.

Outcome Definitions

Among the observed population, the incidence of CV-morbidity, CV-
mortality, dialysis or non-CV-death, was consistently registered during 
follow-up. The PREVEND database was linked to the database of the 
national registry of renal replacement therapy (RENINE) to obtain 
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information on the status of end-stage renal disease (e.g. dialysis, renal 
transplantation).25 Data on hospitalization for CV-morbidity were obtained 
from PRISMANT, the Dutch national registry of hospital stays.26 Causes 
of death were obtained from the Dutch Central Bureau of Statistics.27 All 
data were coded according to the International Classification of Diseases 
(ICD), 9th revision and the classification of interventions. CV-events were 
defined according to the Major Adverse Cardiovascular Events criteria as 
acute myocardial infarction (ICD-code 410), acute and subacute ischaemic 
heart disease (ICD-code 411), subarachnoid haemorrhage (ICD-code 430), 
intracerebral haemorrhage (ICD-code 431), other intracranial haemorrhage 
(ICD-code 432), occlusion or stenosis of the precerebral (ICD-code 433) 
or cerebral arteries (ICD-code 434), coronary artery bypass grafting or 
percutaneous transluminal angioplasty, and other vascular interventions 
such as percutaneous transluminal angioplasty or bypass grafting of aorta 
peripheral vessels. 

Screening and Effectiveness

Different population-based screening strategies to identify subjects with 
elevated albuminuria were defined. In the current approach, screening 
was assumed to follow the PREVEND-study methodology. In particular, 
all subjects would be invited to send a vial with first morning void urine 
by mail to a central laboratory for a pre-screening on urinary albumin 
concentration (UAC). Those found with elevated levels of albumin in 
urine would be invited for confirmatory tests, being collection of two 24 
hours urines for measurement of 24 hour UAE, with the outcomes being 
communicated with the general practitioner (GP).

Given current Dutch discussions and the initial design of the 
PREVEND-study, screening on UAC ≥20 mg/l was investigated in the 
base-case analysis to pre-select subjects for further UAE measurement 
and those subjects with confirmed microalbuminuria (UAE ≥30 mg/day) 
were assumed to receive angiotensin-converting-enzyme (ACE)-inhibitor 
treatment. In the base-case analysis, this approach was compared with no 
screening and no treatment for the same modelled cohort. By explicitly 
using the PREVEND-study data for calculating the number of subjects 
needed to be screened and tested to finally identify 1000 subjects with 
confirmed albuminuria, we implicitly accounted for UAC and UAE test 
characteristics (sensitivity and specificity).  

The effectiveness of ACE-inhibitor treatment in preventing CV-
events was derived from the randomized clinical Prevention of REnal 
and Vascular ENdstage Disease Intervention Trial (PREVEND IT).8 The 
PREVEND IT-study showed that fosinopril resulted in a trend of 40% lower 
incidence of the primary endpoint of CV-mortality and hospitalization for 
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CV-morbidity versus no treatment in a population of generally healthy 
subjects with elevated albuminuria levels. In an observational setting, 
comparable reductions in CV-events after start of antihypertensive 
treatment (especially with RAAS-intervening agents) were recently also 
described for subjects with hypertension and elevated albuminuria levels, 
reinforcing the above mentioned clinical-trial findings.28 Effectiveness 
estimates of RAAS-agents on the prevention of end-stage renal disease is 
not available for the general population and was therefore assumed to be 
the same as for CV-events. These effectiveness assumptions were varied in 
univariate and probabilistic sensitivity analyses.  

The treatment effect on the progression and regression between the 
different albuminuria states was derived from the observational PREVEND 
data.29 Here, the effect of start on RAAS-intervening agents was calculated 
relative to no such treatment and/or no start of other antihypertensives. 

Costs, Cost-Effectiveness and Budget Impact

Cost-effectiveness was estimated from the health-care perspective, 
including medical costs only. Effects in terms of life year gained (LYGs) 
were estimated based on the extension of life expectancy resulting from 
intervention within the applied time-horizon of 8 years. Costs of screening 
and treatment minus savings on CV-events and dialysis was divided by 
LYGs to render the cost effectiveness ratio (net cost per LYG). Costs and 
effects of screening were annually discounted according to the Dutch 
guidelines for pharmacoeconomic research at 4% and 1.5%, respectively, 
to correct for time preference. All costs were expressed in 2008 Euro’s (€).30

Costs associated with screening and treatment with RAAS-agents, 
costs of hospitalization for CV-events and annual dialysis costs are 
presented in table 1. The costs of screening for albuminuria were based on 
costs involved with pre-screening on UAC and on confirmatory tests in 
subjects with elevated UAC (measurement of UAE in two 24 hours urines), 
including CV and renal risk assessment. In particular, these amounted to 
be €7 and €60, respectively.10,31 Treatment costs were based on the most 
frequently used RAAS-intervening agent enalapril.32,33 Further costs 
related to the prescription fee and to annual GP costs.

The costs of CV-events such as fatal and non fatal myocardial 
infarction, fatal and non fatal stroke, coronary artery bypass graft surgery, 
percutaneous transluminal angioplasty and other CV-death and other 
deaths were adapted from Van Hout et al (table 1).34 A weighted average of 
the CV-costs was calculated using observed data on events derived from 
the PREVEND-study. The annual costs of current care and dialysis for 
treatment of end-stage renal disease were based on a study of Van Os et al
representing a weighted average of active haemodialysis, passive dialysis 
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and peritoneal dialysis.35 We conservatively only included costs for the 
first CV-event and did not so for consecutive potential preventable events. 
To be consistent and again conservative for dialysis, only the costs for one 
year of treatment were included. 

Additionally, a formal incremental cost-effectiveness analysis and 
an expected budget impact assessment (costs per million population) of 
different screen-and-treat scenarios were performed, the latter based on 
overall Dutch population data.14,24

Table 1 Costs included in the model.

Events Cost (€) Reference
Screening
 Pre-screening on UAC
 Screening on UAE
Treatment
 Annual treatment with ACE inhibitor
 Annual prescription fee pharmacist 
 Annual GP costs
Outcomes
 Non fatal cardiovascular events†
 Cardiovascular mortality‡ 
 Dialysis (annual costs)

7
60

79
26
73

7 ,047
1,593

72,460

[10]
[10,27]

[29]
[27]

[10,27]

[27,30]
[27,30]
[27,31]

†Weighted costs based on occurrence of (hospitalisation for) non fatal myocardial infarction, 
ischaemic heart disease, coronary artery bypass grafting, percutaneous transluminal coronary 
angioplasty, subarachnoidal haemorrhage, intracerebral haemorrhage, other unspecified 
intracranial haemorrhage, occlusion and stenosis of precerebral arteries, carotis desobstruction, 
aorta peripheral bypass surgery, percutaneous transluminal femoral angioplasty. 
‡Weighted costs based on occurrence of (hospitalisation for) fatal myocardial infarction, fatal 
ischaemic heart disease, occlusion of cerebral arteries followed by death.

Scenario Analysis, Deterministic and Probabilistic Sensitivity Analysis

Scenario analysis was directed at the performance of various ‘screen-and-
treat’ strategies based on various threshold values for UAC and UAE levels 
in different subgroups based on age (all ages, age >50, and age >60 years).

Sensitivity analysis was directed at investigating different time-
horizons (5, 8, 10 and 15 years). Further sensitivity analyses were carried 
out for several relevant input variables. First, a univariate (deterministic) 
sensitivity analysis was conducted for the various costs estimates (e.g. 
UAC pre-screening, UAE confirmation test, treatment, event costs) and 
estimates concerning the effect of pharmacotherapeutic intervention on 
disease progression and occurrence of events. 

Furthermore, we conducted a probabilistic sensitivity analysis to 
account for uncertainty in multiple relevant parameters included in the 
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model. A Monte Carlo simulation (10,000 replicates) was used to derive 95% 
confidence intervals for cost-effectiveness and threshold probabilities.36,37

In our model, we included the uncertainty around the effect on the 
transition probabilities between all albuminuria-based states (regression 
and progression after start of RAAS-intervening agents) and on the CV 
and renal outcomes by drawing from the assumed underlying distributions 
(see Appendix, Table A).8,17 In particular, for the uncertainty around 
the transition probabilities for ‘natural course’ disease progression, we 
simulated 10,000 transition probability matrices based on the assumption 
of asymptotic normality of the maximum likelihood estimates of the log 
transition intensities.24 The costs of CV-morbidity and CV-mortality were 
also drawn from distributions fitted to the observed events and related 
estimated costs from the PREVEND-cohort study.17

Results

Base-case Cost-Effectiveness Analysis

Figure 2 shows the structure of the multi-state Markov model on which our 
analyses are based. These transition probabilities were calculated based on 
a mean follow-up of the PREVEND-cohort of 6.81 ± 1.67 years. The exact 
annual transition probabilities are given in the Appendix (Table B). 

For the base-case, it was estimated that with pre-screening on UAC 
≥20 mg/l and ACE-inhibitor treatment of those subjects with confirmed 
microalbuminuria (UAE ≥ 30 mg/day), a reduced number of CV and 
renal events occurred if compared with no screening. Based on 8 years of 
simulation and assuming 1000 subjects identified with microalbuminuria, 
it was estimated that 76 versus 124 CV-events occur, 16 versus 27 CV-
deaths, and 3 versus 5 dialysis cases in the analysis assuming screening and 
treatment versus no screening, respectively. Net costs for identification of 
1 subject with microalbuminuria were calculated at €305. Total discounted 
per-person net costs following both the screen-and-treat and no-screening 
strategy are estimated at €2,003 versus €1,077, respectively (difference of 
€926). Next to this, prevention of CV-mortality is estimated to gain 0.0421 
discounted life year per-person identified and treated. Consequently, 
cost-effectiveness of screening for microalbuminuria with subsequent 
treatment of those found positive, was estimated to be €22,000 per LYG.

Scenario-Analyses

Table 2 shows the cost-effectiveness results for different ‘screen-and-treat’ 
scenarios based on variation of thresholds for UAC at pre-screening to 
indicate further evaluation using UAE and on variation of thresholds 
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for UAE confirmation tests resulting in treatment initiation. This table 
shows data for the overall population, as well as for subgroups aged >50 
and >60 years. Limiting screening to subgroups aged over 50 and 60 years 
improves cost-effectiveness considerably with cost-effectiveness ratios of 
respectively €11,500 and €7,800 per LYG, for the initial set of UAC and 
UAE levels (≥20 mg/l and ≥30 mg/day, respectively). It can be seen that 
the choice for a UAC pre-screening threshold in combination with the 
UAE confirmation test for treatment has important influence on the cost-
effectiveness. In particular, pre-screening on UAC ≥20 mg/l or ≥100 mg/l 
in combination with UAE confirmation tests for treatment of UAE ≥30 
mg/d or ≥300 mg/l seems to result in most favourable cost-effectiveness. 

Sensitivity Analysis

The impact of the different assumptions in the model was assessed in 
a univariate sensitivity analyses for the initial (base-case) analysis with 
pre-screening on UAC ≥20 mg/l and treatment confirmation test on 
UAE ≥30mg/day. These results indicate that a 50% increase or decrease 
of the costs of CV-morbidity, CV-mortality and dialysis in the base-case 
analysis with a cost-effectiveness ratio of €22,000 per LYG, results in cost-
effectiveness ratios of €17,000 and €26,900 per LYG, respectively. The cost-
effectiveness outcome appeared to be most sensitive to the CV-morbidity 
cost estimate and hardly sensitive to the costs associated with dialysis due 
to the low number of progressions to dialysis within our time frame of 8 
years. Lowering or increasing the costs of pre-screening on UAC, costs 
for the UAE confirmation test and costs of ACE-inhibitor treatment with 
50%, resulted in cost-effectiveness ratios different from the base-case cost-
effectiveness of €22,000 per LYG at €19,800 or 24,200; €20,600 or 23,400; 
and €16,500 or 27,500 per LYG, respectively.

Table 2 Cost-effectiveness ratio’s for different screening scenario’s based on UAC and UAE thresholds and age.

UAE confirmation for treatment 

All subjects Age > 50 Age > 60

≥15 
mg/d

≥30 
mg/d

≥300 
mg/d

≥15 
mg/d

≥30 
mg/d

≥300 
mg/d

≥15 
mg/d

≥30 
mg/d

≥300 
mg/d

UAC 
threshold for
pre-screening

No €59,600 €44,200 €112,700 €25,100 €20,800 €47,600 €14,100 €13,400 €48,300
≥10 mg/l €40,700 €27,300 €39,600 €17,800 €13,500 €18,000 €10,500 € 8,900 €18,900
≥20 mg/l €27,800 €22,000 €20,400 €13,500 €11,500 €11,200 € 8,600 € 7,800 €11,700
≥100 mg/l €17,400 €16,500 €14,600 € 9,100 € 8,900 € 8,100 € 7,500 € 7,500 € 7,900
≥200 mg/l €20,500 €20,200 €19,900 €10,700 €10,600 €10,500 € 9,600 € 9,600 €10,100

All cost-effectiveness ratio’s are presented in € ‘s per Life Year Gained
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Applying 0% and 4% discount rates for both costs and effects resulted in 
changes of the cost-effectiveness ratios in the range €21,400-25,200 per 
LYG. Results obtained after varying the effectiveness of ACE-inhibitor 
treatment initiated after screening were as follows: (i) a 25% change in 
the applied risk reduction (Relative Risk (RR): 0.51 or 0.71, instead of the 
0.60 as assumed in the base-case) resulted in cost-effectiveness ranging 
between €15,700-32,200 per LYG; (ii) a 50% change in the applied risk 
reduction (RR: 0.41 or 0.80, instead of the 0.60 as assumed in the base-case 
scenario) resulted in cost-effectiveness ranging between €11,400-51,800. 
Changing of the effect of the intervention on the progression through 
albuminuria levels resulted in only slight differences from the base-case 
cost-effectiveness.

Applying extended time-horizons for the analysis instead of the 8 
years assumed in the base-case scenario, resulted in more favourable 
cost-effectiveness outcomes with €16,900 and €10,800 per LYG for 10 
and 15 years, respectively. These changes in cost-effectiveness outcomes 
are obviously due to the higher numbers of LYGs counted within these 
extended time-horizons (see figure 3).

0

50

100

150

200

250

0 5 10 15

Tim e horizon (in years)

All Subjects

Age >50

Age >60

N
um

be
r o

f L
YG

s p
er

 1
00

0 
su

bj
ec

ts
 

id
en

ti�
ed

 &
  t

re
at

ed

Figure 3  Number of Life Years Gained (LYGs) per 1000 subjects identified and treated with 
RAAS-intervening agents.
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Figure 4  Cost-effectiveness acceptability curves for a screen-and-treat intervention directed at 
microalbuminuria compared with no screening. Dotted line: screening of all subject 
(base-case) with pre-screening on UAC ≥20 mg/l and confirmation test for treatment 
on UAE ≥30 mg/day; Dashed line: screening procedure as in base-case, but only 
among subjects aged >50 years; and Solid line: screening procedure as in base-case, 
but only among subjects aged > 60 years.

Additionally, results from the probabilistic sensitivity analysis indicated 
probabilities that cost-effectiveness would be below various thresholds 
for maximum willingness-to-pay for one LYG. In the base-case and 
for maximum willingness-to-pay of €20,000, €50,000 and €80,000 per 
LYG, the probabilities for accepting the screen-and-treat procedure was 
estimated at 54%, 90%, and 95%, respectively (figure 4). In subgroups of 
subjects aged >50 or >60 years, these probabilities were even higher with 
>80%, >95%, and >97%, respectively (figure 4).

Incremental Analysis and Budget Impact Analysis

For the incremental analysis, all possible “screen-and-treat” scenarios for 
all subjects as given in table 2 were plotted on the cost-effectiveness plane 
(figure 5). Here, the most favourable scenario with lowest costs and positive 
effect was identified (A in figure 5). Furthermore, the efficiency frontier 
was derived after excluding subsequent scenarios with higher incremental higher incremental higher
costs and lower incremental effects (dominance) and those scenarios that lower incremental effects (dominance) and those scenarios that lower
were subject to higher costs and higher costs and higher higher incremental cost-effectiveness higher incremental cost-effectiveness higher
(extended dominance).38 For all subjects, the resulting formal efficiency 
frontier is composed by options for screening on macroalbuminuria 
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(A and B in figure 5); by screening options for microalbuminuria (C, E and G 
in figure 5); and by screening options for UAE ≥15 mg/l (H and I in figure 5). 
In particular, the base-case analysis with screening on microalbuminuria was 
on the efficiency frontier. After exclusion of scenarios that were subject to strict 
dominance, two scenarios with low thresholds for screening on albuminuria 
remained to be subject to extended dominance (D and F in figure 5). 
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Figure 5  Cost-effectiveness plane: the efficiency frontier representing different incremental 
cost-effectiveness outcomes for screening all subjects presenting the following “screen-all subjects presenting the following “screen-all subjects
and-treat” scenarios (A) UAC ≥200 mg/l & UAE ≥300 mg/day; (B) UAC ≥100 mg/l 
& UAE ≥300 mg/day; (C) UAC ≥100 mg/l & UAE ≥30 mg/day; (E) UAC ≥20 mg/l & 
UAE ≥30 mg/day (base-case); (G) UAC ≥10 mg/l & UAE ≥30 mg/day; (H) UAC ≥10 base-case); (G) UAC ≥10 mg/l & UAE ≥30 mg/day; (H) UAC ≥10 base-case
mg/l & UAE ≥15 mg/day; and (I) UAE ≥15 mg/day without UAC pre-screening. The 
White dots represent the scenarios that were subject to strict dominance (excluded dominance (excluded dominance
for further consideration). The Grey dots represent the scenarios that were subject to 
extended dominance, with “screen-and-treat” scenarios (D) UAC ≥100 mg/l & UAE 
≥15 mg/day; and (F) UAC ≥20 mg/l & UAE ≥15 mg/day. The dashed lines indicate the dashed lines indicate the dashed
cost-effectiveness ratios of €20,000, 50,000, and 80,000 per life-year gained.
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Figure 6  Budget impact (per million subjects screened) for screening on albuminuria in base-
case analysis (all subjects)

The shape of the figure and the incremental cost-effectiveness results were 
essentially similar for subgroups aged >50 and >60 years, but the efficiency 
frontier is more favourable when screening would be conducted in subjects 
at higher age. Also, comparing dots I and H shows that pre-screening of 
subjects on morning urine sample UAC greatly reduces costs, without 
losing considerable effect. Though limiting screening and subsequent 
treatment to only subjects with macroalbuminuria (A and B in figure 5) 
instead of subjects with microalbuminuria (E and G) may modestly lower 
the costs, it greatly reduces the effects: the lines for the incremental cost-
effectiveness analysis (A,B,C to E) are close to the willingness-to-pay 
threshold of €20,000 per LYG. 

Finally, the budget impact was estimated, using the assumptions in the 
base-case scenario (UAC ≥20 mg/l and UAE ≥30 mg/day). Budget impact 
was estimated at €50.2 million per million subjects screened (figure 6). 
Pre-screening and screening contributed for respectively 13.9% and 8.8% 
to the total costs. The remaining budget was attributable to costs for GP-
visits (31.6%) and costs for treatment (45.7%). Budget impact increased 
for scenarios directed at those aged above 50 (€68.8 million per million 
subjects screened) or 60 (€80.6 million per million subjects screened) with 
relative lower screening costs and relative higher treatment costs due to the 
higher rate of subjects identified with albuminuria in elderly. 



Chapter 8

158

Discussion

In this study, we estimated the cost-effectiveness of a population-based 
screening on albuminuria to prevent renal disease progression and CV-
events in the general population. Screening consisted of a two-stage 
approach. First, subjects send by post a vial containing a sample of a first 
morning urine void in which urinary albumin concentration. Second, 
in case urinary albumin concentration (UAC) is above a certain cut-
off, subjects are invited to collect 24-hours urines for determination of 
urinary albumin excretion (UAE). The cost-effectiveness of our base-
case approach, being a two-stage screening of the general population for 
microalbuminuria (UAC ≥20 mg/l and UAE ≥30 mg/day) followed by 
ACE-inhibitor treatment in those found positive, was estimated at €22,000 
per LYG. Limiting screening to only those aged >50 or >60 years resulted 
in a more favourable cost-effectiveness ratio. Also, we found considerable 
probabilities that the base-case ‘screen-and-treat’ procedure would be 
considered cost-effective by varying the ‘willingness-to-pay’ thresholds 
(€20,000/LYG, €50,000/LYG, €80,000/LYG) according to reasonable and 
applied country-specific thresholds. 

Although we found favourable cost-effectiveness results for restricted 
screening in those subjects at higher age and/or higher albuminuria levels, 
screening in selected populations coincides with lower absolute numbers 
of subjects identified for potential successful preventive treatment. In other 
words, implementation of screening on, for example macroalbuminuria 
results in smaller absolute numbers of subjects that are likely to be 
identified and smaller numbers of events prevented.16 Thus, scenarios of 
screening directed at macroalbuminuria or within higher age-groups, 
potentially decrease the likelihood that subjects at elevated risk for CV 
and renal disease are identified and treated in an early phase.39

Using strict health-economic terminology, the initial base-case analysis 
for screening on microalbuminuria was on the efficiency frontier, excluding 
(extended) dominated alternatives. These dominated and excluded 
strategies involve higher costs and/or (relatively) lower effects of screening 
for elevated albuminuria. This is important, although we do note here that 
it has previously been argued that in general dominated strategies should 
not automatically be excluded for further decision-making or consideration, 
although rigorous application of health-economic decision rules might 
suggest so.40 Yet, similar consistent patterns for all subjects and subgroups on 
age indicate that the current alternatives on the efficiency frontier are most 
likely to represent the most favourable strategies. In particular, screening 
on microalbuminuria is associated with relatively high incremental effects 
for relatively low additional costs and could therefore be considered as 
potentially reflecting the most optimal choice.  
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How do the current study results compare to what is known in literature? 
Only two studies have attempted as yet to estimate the cost-effectiveness 
of population-based screening and treatment for albuminuria. Boulware 
et al13 investigated cost-effectiveness of initial dipstick screening for 
proteinuria in the general population, with follow-up proteinuria 
confirmation tests to differentiate on starting ACE-inhibitor treatment. 
These authors reported higher cost-effectiveness rates than ours, varying 
from US $53,400 to $282,800 per quality adjusted life-year gained. In 
particular, these higher cost-effectiveness rates were due to the method 
of screening (using dipsticks that are only positive in case of proteinuria 
(macroalbuminuria; UAC ≥20 mg/l), which resulted in fewer subjects 
identified compared to screening for albuminuria by nephelometry, as in 
our study, which can also measure low amounts of urinary albumin loss 
(microalbuminuria; UAC ≥20 mg/l). Consequently, in such an approach 
there will be higher costs to identify one subject to be found positive.13 Most 
importantly, Boulware et al took only those savings and health gains into 
account that were related to averted deaths and end-stage renal disease, 
whereas we focused on the savings with RAAS-interfering agents in the 
prevention of both CV as well as renal disease.13,14 If in our study scenario 
is chosen to screen only for higher levels of albuminuria (proteinuria) and 
only savings and health gains for end-stage renal disease are included, it 
corroborates the findings of Boulware et al insofaret al insofaret al that no favourable cost-
effectiveness for early identification and treatment of proteinuria for the 
general population would exist.2,13 Only one other study reported on this 
issue. It suggested, based on results from a small-scale randomized clinical 
trial, favourable cost-effectiveness for screening the general population on 
elevated albuminuria in the general population to prevent albuminuria 
associated outcomes with ACE-inhibitor treatment.10 Our current study 
adds to these two studies that if observational data on both CV-events 
and renal disease events are considered, population-based screening on 
microalbuminuria with subsequent ACE-inhibitor treatment results in a 
favourable cost-effectiveness.  

Obviously, our study has limitations. Inherent to the fact that we used 
for our study a time-horizon of 8 years, dialysis, being a rare complication 
as a first event, was not found in large numbers. This could also partially 
be explained by a competing risk for CV-events. This means that subjects 
are generally at higher initial risk for a CV-event as compared to the risk 
of renal disease events (e.g. dialysis) which takes more time to occur.41

Also, our current approach assumes a one-off screening without repeated 
screening (for example, annual). Future cost-effectiveness studies should 
analyse the influence of applying intervals for repeated screening. Finally, 
although varied in the sensitivity analysis, the applied time-horizon of 
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8 years was not life-time, as is often recommended for health-economic 
analyses. Yet, one could argue that the cost-effectiveness of a ‘screen-and-
treat’ strategy directed at microalbuminuria would have favoured from 
an extended life-time time-horizon (for example, inclusion of more LYGs 
through preventing a CV-death in younger subjects) and inclusion of all 
relevant subsequent events over the full span of life-time. This means that 
our results are expected to be a conservative estimate.

Strengths of our study are that we used population-based observational 
data, next to efficacy data from clinical trials. Use of such heterogeneous 
(general) population data, rather than data from a controlled setting, gives 
the opportunity to evaluate the real-life ‘natural-course’ albuminuria-
related renal disease progression and occurrence of CV and renal 
events.42 The population data that are used concern furthermore, a large 
cohort of community dwelling participants, with extensive information 
on risk-factors, medication use and various outcome measures. These 
data were collected prospectively and based on objective data from 
independent databases, thereby minimising selection and/or recall bias. 
Lastly, albuminuria was measured quantitatively with nephelometry and 
confirmed in consecutive 24-hours urine collections, which is considered 
the gold standard for assessing albuminuria. It also enables to investigate 
the cost-effectiveness for various cut-off values of albuminuria. 

Several studies have shown that microalbuminuria is associated 
with worse CV and renal disease prognosis.43,44 Our favourable cost-
effectiveness results for screening on microalbuminuria, together with 
further potentials to improve the cost-effectiveness are promising. In 
particular, pre-screening on UAC turns out to be an efficient tool to 
decrease the costs of population-based screening for elevated albuminuria. 
Altogether, these results should lead to increased awareness of the 
importance of albuminuria-measurements in clinical practice and offer 
decision-makers tools to seriously consider the potentials of population-
based screening directed at albuminuria.12 

The current analyses were conducted from a health-care perspective 
and not from a societal perspective. In further research, it could be 
considered to assess further effects of screening on quality-adjusted 
expectancy of life and including non-medical costs within the societal 
perspective. Also, it may be considered to also include additional gains in 
terms of (early) identification of other diseases as it has been shown that 
microalbuminuria may not only follow, but also precede the development 
of diabetes45 and of hypertension.46 Finally, cost-effectiveness of repeated 
screening should be calculated based on relevant screening intervals to 
exactly identify the most favourable and acceptable options. 
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Conclusions

In conclusion, our analyses suggest a potential favourable and most optimal 
cost-effectiveness of a population-based screening on microalbuminuria in 
the general population as compared to other alternatives, such as screening 
for macroalbuminuria. Our results are based on previously published 
randomized clinical trial and observational findings on the effectiveness 
and efficacy of antihypertensives in the prevention of CV and renal events 
in specific populations and in the general populations. Based on the 
current assumptions, our results are likely to be representative for real-
life settings. Therefore, it is worthwhile for health-care decision-makers to 
consider practical implementation of population-based screening on and 
treatment of albuminuria. 
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Appendix

Table A Annual transition probabilities in the model 

Annual transition probabilities (‘Natural Course’) All subjects Age >50 
yrs

Age >60 
yrs

Low-normoalbuminuria to high-normoalbuminuria (λ1): 0.016 0.021 0.021
Low-normoalbuminuria to microalbuminuria (λ2): 0.0029 0.0036 0.0050
Low-normoalbuminuria to macroalbuminuria (λ3): 6.33*10-5 1.40*10-5 2.93*10-5

High-normoalbuminuria to microalbuminuria (λ4): 0.040 0.046 0.055
High-normoalbuminuria to macroalbuminuria (λ5): 0.00064 0.00019 0.00034
High-normoalbuminuria to low-normoalbuminuria (λ6): 0.073 0.054 0.038

Microalbuminuria to macroalbuminuria (λ7): 0.00053 0.0074 0.011

Microalbuminuria to high-normoalbuminuria (λ8): 0.033 0.018 0.018

Microalbuminuria to low-normoalbuminuria (λ9): 0.021 0.015 0.010

Macroalbuminuria to microalbuminuria (λ10): 0.030 0.032 0.033
Macroalbuminuria to high-normoalbuminuria (λ11): 0.00053 0.00032 0.00033
Macroalbuminuria to low-normoalbuminuria (λ12): 0.00034 0.00026 0.00018
Non-cardiovascular mortality
Low-normoalbuminuria (λ13): 0.0028 0.0071 0.013
High-normoalbuminuria (λ14): 0.0055 0.0086 0.013
Microalbuminuria (λ15): 0.014 0.022 0.026
Macroalbuminuria (λ16): 0.023 0.047 0.075
Cardiovascular morbidity
Low-normoalbuminuria (λ17): 0.0038 0.0083 0.012
High-normoalbuminuria (λ18) 0.010 0.020 0.026
Microalbuminuria (λ19): 0.017 0.027 0.033
Macroalbuminuria (λ20): 0.032 0.051 0.060
Cardiovascular mortality
Low-normoalbuminuria (λ21): 0.00026 0.00069 0.0012
High-normoalbuminuria (λ22): 0.00057 0.0017 0.0035
Microalbuminuria (λ23): 0.0032 0.0049 0.0071
Macroalbuminuria (λ24): 0.011 0.018 0.015
Dialysis
High-normo (λ25): 2.96*10-7 0 0
High-normo (λ26): 3.73*10-6 0 0
Microalbuminuria (λ27): 0.00011 0 0
Macroalbuminuria (λ28): 0.0047 0 0
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Table B Distributions and parameters on input-variables

 Input variables Distribution RR (mean ) Standard 
Deviation

Effect on transition probabilities
 15-30 to <15 Log-normal 1.23 1.07
 15-30 to 30-300 Log-normal 0.74 1.16
 30-300 to <15 Log-normal 1.41 1.16
 30-300 to <15-30 Log-normal 1.16 1.18
 30-300 to ≥300 Log-normal 0.76 1.51
 ≥300 to 30-300 Log-normal 1.45 1.50
Effect on health outcomes
 CV-morbidity Log-normal 0.61 1.35
 CV-mortality Log-normal 0.61 1.35
 Dialysis Log-normal 0.61 1.35
Cost parameters
 CV-morbidity Log-normal 7047 3140
 CV-mortality Log-normal 1593 846



Discussion
Summary, Discussion, Conclusion and Future Perspectives

In the last decades, cardiovascular and renal disease have been a leading 
cause of morbidity and mortality in the developed world resulting in 
an enormous and growing burden to health-care budgets. Therefore, 
prevention of cardiovascular disease events and prevention of progression 
to end-stage renal disease will remain very important. Currently, 
pharmacotherapeutic treatment to prevent cardiovascular and renal 
disease is generally initiated in subjects with previous cardiovascular 
events or confirmed renal disease. Prevention is based on treatment of 
established risk-factors such as hypertension, hypercholesterolemia and 
diabetes.1-4 These preventive measures are more re-active rather than 
active insofar that such a re-active approach does not explicitly allow for 
identification of generally healthy subjects in an early disease stage. From 
a health-care point of view, it seems desirable to early identify subjects at 
increased cardiovascular and renal risk, even if they are not symptomatic 
yet. Elevated albuminuria is more and more recognized as an early predictor 
of cardiovascular and renal disease in specific patient populations (e.g. 
diabetes, hypertension) and even in the general population.5-8 Next to 
the re-active approach, in which subjects at risk for or with established 
cardiovascular and renal disease (history) are treated, it has been suggested 
that active population-based screening for albuminuria could enable early 
identification and prevention of cardiovascular and renal diseases.9-11 In 
the long run, these early investments for population-based albuminuria 
‘screen-and-treat’ strategies are expected to potentially result in health 
benefits and cost-savings due to averted cardiovascular and renal diseases. 

This thesis deals with epidemiological and economic issues that relate 
to preventive (pharmacotherapeutic) interventions with a specific focus on 
active screening for albuminuria. This chapter summarizes and discusses 
the main results, findings and ideas as described in the previous chapters. 

Statement of Principle Findings

Part I: Health-Economic Findings from Clinical Trials

Firstly, the available pharmacoeconomic evidence on the (cost-)
effectiveness of treatment with angiotensin-receptor-blockers (ARBs) in 
type 2 diabetic patients with advanced renal disease (overt nephropathy) 
was reviewed in chapter 1. Here, the aim was to get more insight in 
the economic impact of the favourable results of ARB treatment from 
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clinical trials among patients with type 2 diabetes mellitus and overt 
nephropathy.12,13 Within trial analytical Markov model techniques were 
applied to economically evaluate results from these published trials for the 
US and European settings. All analyses led to comparable Results: ARBs 
appear to confer both health gains and considerable cost savings if compared 
with conventional (non-angiotensin-converting-enzyme(ACE)-inhibitor) 
therapy. Therefore, ARB therapy could be considered as dominant in both 
the short-term and on the long run. Furthermore, the economic evaluation 
of the IRMA-2 study suggested that it would be even more cost-effective 
(cost-saving) to start ARB treatment in an early stage rather than the stage 
of overt nephropathy.14 These early treatment investments seem to result 
in more health gains and cost-savings if compared to the investment in the 
later stage of overt nephropathy.  

How do these favourable results with ARBs compare to the potential 
comparable effectiveness of ACE-inhibitors? Although, ACE-inhibitors 
were found to result in similar effects on renal outcomes if compared 
with ARBs,15 pharmacoeconomic analyses are scarce and are generally 
based on intermediate outcomes.16 If effects of ACE-inhibitors and 
ARBs are comparable, costs of these drugs become more important for 
reimbursement decisions.17 As the first ACE-inhibitors are now off-patent, 
cost-considerations would favour the ACE-inhibitors instead of ARBs. 
Head-to-head clinical trials comparing ARBs versus ACE-inhibitors 
including all relevant long-term costs and effects for calculating the 
comparative cost-effectiveness are needed to draw further conclusions.

Chapter 2 demonstrated the economic impact of using valsartan in the 
treatment of patients with heart failure, based on randomized clinical 
trial findings derived from the Val-HeFT study.18 The Val-HeFT study was 
originally designed to assess the additional benefits of the ARB valsartan over 
already proven favourable long-term effects on cardiovascular morbidity 
and mortality of ACE-inhibitors and beta-blockers in patients with heart 
failure. Valsartan therapy resulted in a statistically significant decrease in 
hospitalisations found during 23 months of the Val-HeFT study follow-
up. For the Netherlands, this decrease in hospitalisations was estimated 
to result in a significant reduction in average costs for heart failure-related 
hospitalizations of €617 per patients. Mean total costs for add-on therapy 
were estimated at €8,810 and €8,841 for valsartan and placebo, respectively, 
corresponding with estimated annual incremental costs for valsartan of 
approximately €192. Especially in patients not receiving ACE-inhibitor 
treatment at baseline, valsartan resulted in a statistically significant 
reduction in heart failure-related hospitalizations and associated costs and 
was estimated to be cost-saving. For the Dutch situation, valsartan provided 
benefits in patients with chronic heart failure for modest costs and was 
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considered as the dominant treatment strategy in heart failure patients not 
receiving ACE-inhibitor therapy. These findings are not only interesting 
for the specific case of valsartan, but also from a more general health-care 
perspective. In particular, this study shows that a pharmacoeconomic profile 
should also include downstream costs and savings to obtain a complete 
economic picture for decisions on health-care budgets.  

Another country adaptation study was conducted based on results 
from the LIFE-study; a clinical trial comparing losartan-based and 
atenolol-based therapy in patients with hypertension and left-ventricular 
hypertrophy, with comparable blood pressure control in both arms.19

Compared with atenolol (beta-blocker), the ARB losartan resulted in a 
significant reduction in the combined risk of cardiovascular morbidity 
and mortality (13%, P = 0.021) with even a 25% reduction in the risk of P = 0.021) with even a 25% reduction in the risk of P
stroke (P = 0.001). In the economic assessment of the LIFE-study for the 
Dutch situation, stroke costs were €1,076 lower in the losartan-treated 
group. After inclusion of medication costs, per patient net incremental 
direct costs were €51 higher for losartan compared with atenolol. The 
incremental cost-effectiveness of losartan-based versus atenolol-based 
treatment was estimated at €864 per life year gained (LYG), which is 
likely to be accepted following the informal Dutch threshold for accepting 
pharmacotherapeutic interventions. Next to results from chapter 2, also 
the economic results of the LIFE-study in chapter 3 show evidence for the 
importance of downstream costs and savings besides the costs of drugs.
Despite the higher treatment costs, the current results favour treatment 
with ARBs both from a clinical as well as pharmacoeconomic perspective. 
Though there is even additional evidence in favour of ARBs (e.g. lower risk 
of onset diabetes, better compliance/persistence),19-21 clinical trial evidence 
is generally gathered within selected patient groups and can therefore 
not allow for direct extrapolation to the general population in the real-
life clinical practice setting.22 In this respect, it is also important to have 
information on the comparative cost-effectiveness of different ARBs that 
are generally expected to be mutually replaceable.  

To add to discussions on rational prescribing of antihypertensives in 
daily practice, a comparative economic analysis for ARBs was conducted 
based on both clinical trial23 and observational data.24 Costs and effects 
of different ARBs in treating patients with essential hypertension in the 
Netherlands, were presented in chapter 4. Within-trial observed blood 
pressures after 8 weeks were applied to an international model to estimate the 
number of cardiovascular complications and related costs for a hypothetical 
cohort of 100,000 patients with essential hypertension. Note here, that the 
model was adapted to the Dutch situation by using Dutch cost-estimates 
for cardiovascular and cerebrovascular complications. Olmesartan resulted 
in most cardiovascular/cerebrovascular events and mortality averted after 
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1 and 5 year(s), and was considered as cheapest agent with lowest net costs 
(per complication averted). Dutch pharmacy data showed that within-trial 
dosing was not found in clinical practice. On average olmesartan was dosed 
below the trial dose, whereas losartan, valsartan and irbesartan were dosed 
above the trial dose. Notwithstanding considerable decreases in blood 
pressure with all four ARBs, olmesartan appeared to be the most favourable 
and cost-efficient option from a pharmacoeconomic point of view. The 
current results of this comparative clinical trial are difficult to translate into 
definite recommendations for a real-life setting. Health-care professionals 
generally aim at blood pressure decreases below a certain threshold which 
is different from the study design with fixed doses. Moreover, the current 
results are based on a surrogate endpoint (blood pressure) rather than hard 
cardiovascular endpoints. In the light of these findings and to obtain definite 
clinical relevant recommendations, further analyses should be conducted 
based on head-to-head comparison of ARBs at comparable blood pressure 
control including hard cardiovascular endpoints.  

Part II: Health-Economic Outcomes for Albuminuria Screening in Real-
Life Settings

As described in Part I, economic outcomes from various studies suggest 
that treatment with RAAS-intervening agents compared with conventional 
(non-RAAS) agents result in health gains and favourable cost-effectiveness 
outcomes. In particular, treatment of patients with type 2 diabetes and 
nephropathy in the early stage of microalbuminuria compared with late 
overt nephropathy were found to be more cost-saving.14 This suggest that 
early detection and treatment of subjects at elevated risk for progression to 
end-stage renal disease could be an proper practical and cost-effective tool. As 
described in the introduction section, albuminuria has not only been shown to 
be predictive for renal disease progression, but is also associated with the risk 
of cardiovascular disease events. In chapter 5 the potentials of screening for 
microalbuminuria (UAE ≥30 mg/d) and macroalbuminuria (UAE ≥300 mg/l) 
were discussed. Should we screen for elevated albuminuria in specific patient 
populations (e.g. type 2 diabetic patients) and/or the general non-diabetic 
patients? For the specific case of type 2 diabetes patients, universal treatment 
with ACE-inhibitors was found to be cost-effective in a previous study.16 Based 
on indications from the both the PREVEND and PREVEND-IT studies, 
there are signals that albuminuria-based ‘screen-and-treat’ strategies could be 
successful in reducing the number of renal and cardiovascular outcomes.25,26

Such ‘screen-and-treat’ interventions are likely to be cost-effective, as long as 
all renal and cardiovascular outcomes and proper cost-estimates are included. 
In general, cost-considerations are likely to favour the use of the cheaper off-
patent ACE-inhibitors instead of ARBs. 
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The PREVEND-IT, a double-blind randomized, placebo-controlled 
trial within the PREVEND observational study was conducted to assess 
the effects of ACE-inhibitor therapy (fosinopril 20 mg) on cardiovascular 
events in generally healthy subjects (e.g. no hypertension, normal cholesterol 
levels) with elevated albuminuria (UAE ≥15 mg/d).26 Subjects who received 
fosinopril had a significant reduction in albuminuria level and a clinical 
relevant 40% lower incidence of cardiovascular events than subjects in the 
placebo group. Chapter 6 presents the results on the cost-effectiveness of 
using fosinopril for such primary prevention of cardiovascular events 
in subjects with albuminuria from a Dutch perspective. Based on using 
within-trial PREVEND-IT data, observational PREVEND data and Dutch 
cost-estimates, the cost-effectiveness of screening for albuminuria with 
subsequent ACE-inhibitor treatment in those found positive was estimated at 
€16,700 per LYG. Stochastic analysis indicated that the probability of the cost-
effectiveness being below the suggested informal Dutch threshold of €20,000 
per LYG was estimated at 59%. Limiting ACE-inhibitor treatment to only 
those with albuminuria levels of ≥30 mg/d or ≥50 mg/d resulted in even more 
favourable cost-effectiveness of €12,000 and €7,000 per LYG, respectively, 
with increasing threshold probabilities. Also, limiting screening to those 
subjects aged >50 or >60 years improved the cost-effectiveness considerably. 
These economic outcomes from a Dutch health-care perspective, are the 
first to suggest a potential favourable cost-effectiveness of an albuminuria-
based ‘screen-and-treat’ program in the general population. Here, the 
short-term benefits of prevention of more acute cardiovascular events with 
ACE-inhibitor therapy coincides with delay in renal disease progression in 
terms of decreases in albuminuria levels and therefore potential long-term 
prevention of end-stage renal disease.9  

In chapter 7 it was investigated whether the efficacy of blood 
pressure-lowering agents to lower cardiovascular events is dependent on 
baseline albuminuria level and type of agent. Data from the community 
based prospective PREVEND cohort study27 were analyzed to provide 
answers on these important issues. Blood pressure-lowering agents were 
found to be effective in ameliorating cardiovascular outcome. Absolute 
cardiovascular risk reductions with blood pressure-lowering agents, were 
superior in subjects with higher baseline albuminuria levels. Furthermore, 
results from Cox proportional hazard regression analyses showed that the 
relative risk for cardiovascular events after start of blood pressure lowering 
agents is significantly (P < 0.05) dependent on level of baseline albuminuria. P < 0.05) dependent on level of baseline albuminuria. P
The higher the baseline albuminuria in subjects with hypertension, the 
more outspoken the relative risk reduction for cardiovascular disease 
is. Numbers needed to treat to prevent one cardiovascular event were 
estimated at 154, 17 and 8 for all subjects and those subjects with UAE ≥15 
mg/d and UAE ≥30 mg/d, respectively. Though not statistically significant, 
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the use of ACE-inhibitor/ARB treatment tended to be associated with a 
more favourable cardiovascular prognosis if compared with non-ACE-
inhibitor/ARB treatment. These results based on observational ‘real-life’ 
have important consequences in suggesting that hypertensive subjects with 
elevated levels of albuminuria have on average higher risk for cardiovascular 
events compared with generally lower risk in hypertensive subjects with low 
albuminuria levels. Furthermore, prescription of blood pressure-lowering 
agents (especially ACE-inhibitors and ARBs) will result in higher relative 
and absolute risk reductions in hypertensive subjects with higher elevated 
albuminuria levels. This in combination with the clinical and economic 
results from the PREVEND-IT study could serve as a good rationale for a 
population-based ‘screen-and-treat’ program for the general population.  

Various population-based ‘screen-and-treat’ scenarios directed 
at screening for different thresholds of elevated albuminuria (e.g. 
microalbuminuria and macroalbuminuria) were economically evaluated 
in chapter 8, to identify the most favourable cost-effective strategy to 
prevent both cardiovascular and renal diseases. Here, data were used 
from the observational PREVEND study, to add to the cost-effectiveness 
findings based on clinical trial data as described in chapter 6. A multi-
state transition Markov model was developed to simulate the ‘natural 
course’ of albuminuria-based disease progression to dialysis and 
occurrence of cardiovascular events. In the base-case analysis, cost-
effectiveness was calculated based on a two-stage screening of the general 
population on microalbuminuria (pre-screening on UAC ≥20 mg/l and 
confirmation-test for treatment with UAE ≥30 mg/d) followed by ACE-
inhibitor treatment in those found positive. The per-person difference in 
net costs for screening and subsequent ACE-inhibitor treatment versus 
no screening was estimated at €926 (€2,003 versus €1,077). Prevention of 
cardiovascular death was estimated to gain 0.0421 per person discounted 
LYG. Following from this, cost-effectiveness of population-based screening 
for microalbuminuria with subsequent ACE-inhibitor treatment was 
estimated at €22,000 per LYG in the Netherlands. The probabilities for 
accepting screening for microalbuminuria for maximum willingness-to-
pay thresholds of €20,000, €50,000 and €80,000 per LYG was estimated 
at 54%, 90% and 95% respectively. Limiting screening to those subjects 
aged >50 or >60 years resulted in a more favourable cost-effectiveness. 
These results suggest already favourable cost-effectiveness of screening on 
microalbuminuria in the general population. In particular, the incremental 
analysis shows that screening on microalbuminuria is associated with 
relatively high incremental effects for relatively low additional costs and 
could therefore be considered as potentially reflecting the most optimal 
option of the efficiency frontier. Although, it is cost-effective to limit 
screening to subjects at higher age or to restrict treatment in subjects with 
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macroalbuminuria, screening and treatment in selected populations is less 
favourable in terms of absolute numbers of subjects that are identified for 
potential successful preventive treatment. In particular, active screening 
for microalbuminuria increases the likelihood that subjects with elevated 
risk for cardiovascular events and renal disease are identified for receiving 
successful preventive treatment in an early phase.11

The current analyses presented in Part II of this thesis discuss 
opportunities for active population-based ‘screen-and-treat’ scenarios 
directed at elevated albuminuria. Cost-effectiveness results based on both 
randomized clinical trial and observational data, indicate that practical 
implementation of active screening for microalbuminuria in the general 
population is worthwhile to be considered by health-care decision-makers. 

What Lessons can be Drawn from the Cost-Effectiveness 
Analyses?

Pharmacotherapeutic guidelines, disease severity and cost-considerations, 
play an important role in the choice of preventive treatment for 
cardiovascular and renal diseases.1-4 In this thesis, cost-effectiveness studies 
applied in specific patients groups for the Dutch situation indicate that drug 
costs alone do not provide a sufficient full economic picture for treatment 
with pharmacotherapeutic agents (here antihypertensives). Especially in 
the more severe disease areas (e.g. diabetic nephropathy and heart failure), 
downstream cost-savings are likely to cause that the initially more expensive 
option of antihypertensive treatment is in the end yet a cost-effective option. 
ARBs are a rather new class of antihypertensive agents that are generally 
considered comparable to ACE-inhibitors. However, these two classes of 
drugs interfere at different stages of the renin-angiotensin system and 
therefore have at least theoretically different therapeutic and effectiveness 
profiles. Differences are likely to exist on the level of adverse effect profiles 
and persistence figures.20 Cost-effectiveness analyses for ARBs and ACE-
inhibitors are available for a variety of patient groups. As (the first) ACE-
inhibitors are now off-patent, cost-considerations seem to be in favour of 
the cheaper generic ACE-inhibitors. Existing economic evaluations based 
on clinical trials lack these ‘head-to-head’ comparisons of ARBs versus 
ACE-inhibitors. Clinical evidence on the comparative effectiveness is only 
available from smaller trials or specific patients groups at high cardiovascular 
and renal risk.28-30 Therefore, to provide a full economic picture, there is a 
need for ‘head-to-head’ comparison of ARBs and ACE-inhibitors to model 
all (in)direct costs and effects of these agents. For reimbursement decisions 
and the development of pharmacotherapeutic guidelines, further clinical 
and economic evidence is needed to elaborate on the therapeutic value of 
different antihypertensives, especially ARBs and ACE-inhibitors, in daily 



174

Discussion 

practice. Moreover, optimal antihypertensive therapy is not only important 
from a patient perspective, but increasingly important from a health-care 
perspective. In addition to considerations on clinical efficacy, tolerability, 
and experience with pharmacotherapeutic treatment in daily practice, 
cost-effectiveness outcomes based on including all (in)direct medical costs, 
should be considered when developing clinical guidelines. In this respect, 
the indirect comparison approach could be applied for the specific case of 
antihypertensive treatment (ARBs versus ACE-inhibitors) in the prevention 
and treatment of cardiovascular and renal diseases.31-33 This will add to 
general trends towards optimal, evidence-based and also cost-effective use 
of pharmacotherapeutic agents. 

Next to secondary prevention of cardiovascular and renal disease and 
re-active treatment of cardiovascular and renal risk-factors (e.g. diabetes, 
hypertension, hypercholesterolemia)10, it has been shown that early 
identification and treatment of subjects with higher levels of albuminuria 
– a proven predictor of cardiovascular and renal disease risk34-36 – is an 
effective10 and (potentially) cost-effective option to prevent these diseases 
in an early disease stage.9

As generally acknowledged, it is difficult to generalize efficacy results 
from clinical trial to ‘real-life’ settings.22,37,38 It is always very important 
to realize here that clinical studies are generally conducted in specific 
patient populations and that dosing of treatment in the ‘real-life’ setting 
can be different from within-trial dosing. Therefore, these differences 
between clinical trial and observational settings are likely to also affect 
the generalisability of cost-effectiveness outcomes. Given the fact that 
there are more and more methods to reliably deal with observational 
data,39 it is recommendable to combine both efficacy data from clinical 
trials with effectiveness data from the observational ‘real-life’ setting to 
provide clinically relevant recommendations on treatment choices. Ideally, 
this should also apply to health-economic outcomes, where initial analyses 
for treatment options are based on (scarce) evidence from clinical trials. 
In particular, additional data gathering from prospective observational 
studies could give an extra opportunity to evaluate the cost-effectiveness 
of (pharmacotherapeutic) interventions for extended time-horizons 
based on data from heterogeneous ‘real-life’ settings. Due to a lot of 
uncertainties, it is important for health-care decision-makers to value 
existing (generally scarce) information from clinical trials to sufficiently 
base their decisions on. Bayesian decision theory together with analysis 
of the value of information can be used by health-economic researchers 
and decision-makers to decide whether or not the evidence from a health-
economic evaluation is sufficient for decision-making purposes or if it is 
necessary to conduct additional research.40-42



Discussion 

175

What is the Health-Economic Profile of Albuminuria 
Screening in Real-Life Settings?

Higher levels of albuminuria have proven to be associated with 
cardiovascular and renal risk-factors as well as with hard cardiovascular 
and renal outcomes and is considered to be an important target for 
pharmacotherapeutic intervention with RAAS-intervening agents in 
subjects with diabetes, hypertension, but also the general population.10

The epidemiological and health-economic aspects of treatment in subjects 
at increased cardiovascular and renal risk due to elevated albuminuria, 
were studied in this thesis. In particular, identification and treatment of 
higher levels of albuminuria was found to be effective in specific patient 
populations and also the general population.12,13,26,43-46 As discussed 
previously in this thesis, active screening for albuminuria in the general 
‘healthy’ population gives the opportunity to intervene in an early disease 
stage, whereas the more re-active approach generally consists of screening 
those subjects with known diabetes, hypertension, or established 
cardiovascular or renal disease. Both these approaches could be considered 
as important tools in the prevention of cardiovascular and renal diseases. 
It is therefore tempting to include albuminuria as a risk-marker and target 
for treatment in therapeutic guidelines and to suggest implementation of 
population-based screening for albuminuria. 

This thesis reviews and describes various economic analyses with a 
specific focus on the cost-effectiveness of albuminuria-based treatment 
or active screening for albuminuria followed by treatment with RAAS-
intervening agents. Existing studies generally based their economic model 
on the albuminuria-dependent progression to end-stage renal disease.47-49

In contrast to this, the economic model could also include data on 
cardiovascular outcome as was done based on the PREVEND-IT study 
results, which was found to be cost-effective in this thesis.26 It is reasonable 
from clinical and health-economic point of view to include both long-term 
cardiovascular and renal outcome for calculating the cost-effectiveness of 
population-based ‘screen-and-treat’ scenarios that are directed at higher 
levels of albuminuria.11

In this thesis, population-based screening for albuminuria to prevent 
both cardiovascular events and renal disease progression in the general 
population, resulted in favourable cost-effectiveness outcomes for different 
‘screen-and-treat’ scenarios. It was also found that the results were even 
more favourable when applying extended time-horizons. From health-
economic point of view, these time-horizons are ideally life-time with 
including all relevant costs and effects.50 Applying these life-time figures is 
often in contrast with the generally short-term view of health-care decision-
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makers. In that perspective, the economic analyses in this thesis included 
costs and effects for only first events within relatively short follow-up and 
could therefore be considered as conservative. Furthermore, it could be 
expected that population-based screening for albuminuria coincides with 
additional health gains related to potential early identification of patients 
with undiagnosed diabetes and hypertension. Such effects have not yet 
been taken into account in the cost-effectiveness studies. Furthermore, 
it was conservatively assumed that the screening procedure followed the 
method applied for the PREVEND-study. As described previously, this 
rather expensive method consisted of measuring albuminuria in a first 
morning void urine sample by nephelometry.27

Conclusions

Based on data from clinical trials it has been shown that treatment with 
RAAS-intervening agents in subjects at elevated cardiovascular and 
renal risk is likely to be cost-effective in preventing cardiovascular and/
or renal diseases. Several studies in this thesis emphasize the importance 
of combining both clinical trial as well as observational data to support 
evidence-based decisions on health-care interventions and use of 
pharmacotherapeutic agents. 

Furthermore, the analyses in this thesis suggest potential favourable 
cost-effectiveness of active screening for (micro)albuminuria in the 
general population. These results were based on both data from clinical 
trials and observational data, and are therefore likely to be representative 
for ‘real-life’ settings. 

Altogether, the results from this thesis ideally lead to increased 
awareness of the impact of albuminuria in clinical practice and offer 
health-care decision-makers tools to seriously consider implementation of 
a population-based screening that is directed at albuminuria. 
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Summary
In the last decades, cardiovascular and renal disease are leading causes 
of morbidity and mortality in the developed world resulting in enormous 
and growing burdens for health-care budgets. Therefore, prevention of 
cardiovascular disease events and prevention of progression to end-stage 
renal disease will remain very important. Currently, pharmacotherapeutic 
treatment is generally inititated in subjects with previous cardiovascular 
events or confirmed renal disease (secondary prevention). This re-active 
approach does not specifically identify the generally healthy subjects 
and is based on treatment of established risk-factors (e.g. hypertension, 
hypercholesterolemia, diabetes). Elevated albuminuria is more and more 
recognized as an early predictor of cardiovascular and renal disease in 
specific patient populations (e.g. diabetes, hypertension) and even in the 
general population. Next to the re-active approach, it has been suggested 
that active population-based screening for albuminuria could enable early 
identification and prevention of cardiovascular and renal disease. This 
thesis evaluated different epidemiological and health-economic aspects of 
preventive interventions in patients at increased cardiovascular and renal 
risk. The first part of the thesis entitled “health-economic findings from 
clinical trials”, addresses the clinical and economic evidence of treating 
specific patient populations with renin angiotensin aldosterone system 
(RAAS) intervening agents. The second part of this thesis entitled “Health 
economic outcomes for albuminuria screening in ‘real-life’ settings”, 
evaluates the epidemiological and economic rationale for population-
based ‘screen-and-treat’ scenarios directed at albuminuria. 

Pharmacotherapeutic guidelines, disease severity and cost 
considerations play an important role in the choice of (preventive) 
treatment for cardiovascular and renal diseases. Cost-effectiveness studies 
in specific patient groups based on data from clinical trials applied to the 
Dutch context (e.g. RENAAL, Val-HeFT, LIFE), indicate that drug costs 
alone do not provide a sufficient full economic picture for treatment with 
pharmacotherapeutic agents, such as antihypertensives (chapter 1-4). 
Especially in the more severe disease areas (e.g. diabetic nephropathy 
and heart failure), downstream cost-savings are likely to cause that the 
initially more expensive option of antihypertensive treatment is in the end 
a potentially cost-effective option. One of the aspects discussed here, was 
the choice of treatment that relates to the scarce availability of comparative 
effectiveness and cost-effectiveness data for RAAS intervening agents, 
angiotensin receptor blockers (ARBs) and angiotensin-converting enzyme 
(ACE-)inhibitors (chapter 1). As ACE-inhibitors are now off-patent, cost-
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considerations seem to be in favour of the cheaper generic ACE-inhibitors. 
Therefore, the complete economic picture requires ‘head-to-head’ 
comparison of ARBs and ACE-inhibitors to model all (in)direct costs and 
effects of these agents. For reimbursement decisions and the development 
of pharmacotherapeutic guidelines, further clinical and economic 
evidence is still needed to elaborate on the therapeutic value of different 
antihypertensives, especially ARBs and ACE-inhibitors, in daily practice. 

As generally acknowledged, it is difficult to generalize efficacy results 
from clinical trial to ‘real-life’ settings. It is important to realize here that 
clinical studies are generally conducted in specific patient populations 
and that dosing of treatment in the ‘real-life’ setting can be different from 
within-trial dosing (chapter 4). These differences between clinical trial 
and the ‘real-life’ setting are likely to also affect the generalisability of 
cost-effectiveness outcomes. Given the fact that there are more and more 
methods to reliably deal with observational data, it is recommendable to 
combine both efficacy data from clinical trials with effectiveness data 
from the ‘real-life’ setting to provide clinically relevant recommendations 
on treatment choices. Ideally, this should also apply to health-economic 
outcomes, where initial analyses for treatment options are now based on 
(scarce) evidence from clinical trials. In particular, additional data gathering 
with prospective observational studies could give an extra opportunity 
to evaluate the cost-effectiveness of pharmacotherapeutic interventions 
for extended time-horizons based on data from heterogeneous ‘real-life’ 
settings. 

In this thesis, the epidemiological and health-economic aspects of 
treatment of subjects at increased cardiovascular and renal risk due to 
elevated albuminuria were studied. In particular, identification and 
treatment of higher levels of albuminuria was found to be effective in 
specific populations of patients with type 2 diabetic nephropathy (chapter 
1). Here, RAAS intervening agents were found to result in more health gains 
and cost-savings if applied in an early microalbuminuric stage compared 
to application in the later stage of overt nephropathy. Therefore, this thesis 
analysed the opportunities of active screening for albuminuria in the 
general ‘healthy’ population to intervene in an early disease stage next to 
treatment of albuminuria in subjects with known diabetes, hypertension, 
or established cardiovascular or renal disease (chapter 5). 

Various economic analyses with a specific focus on the cost-
effectiveness of albuminuria-based treatment or active screening for 
albuminuria followed by treatment with RAAS intervening agents are 
reviewed and discussed in chapter 1 and 5. Existing studies generally 
base their economic model on the albuminuria-dependent progression to 
end-stage renal disease in specific patient populations. Next to this, the 
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economic model could also include data on cardiovascular outcome as 
was done in our analysis based on the PREVEND-IT study results among 
generally healthy subjects. Inclusion of cardiovascular outcome in the 
developed economic model resulted in a favourable cost-effectiveness of 
population-based screening for and treatment of elevated albuminuria 
(chapter 6). Furthermore, observational data from the PREVEND study 
showed that blood-pressure lowering agents are effective in ameliorating 
cardiovascular outcome. The efficacy of blood-pressure lowering agents 
(especially RAAS intervening) appeared to be dependent on baseline 
albuminuria level; the higher baseline albuminuria in hypertensive 
subjects, the more outspoken the relative risk reduction for cardiovascular 
disease was (chapter 7). After considering this, it is reasonable from 
clinical and health-economic point of view to include both long-term 
cardiovascular and renal outcome for calculating the cost-effectiveness of 
population-based ‘screen-and-treat’ scenarios that are directed at elevated 
levels of albuminuria. Such a population-based screening for albuminuria 
to prevent both cardiovascular events and renal disease progression in the 
general population based on clinical trial and observational data, resulted 
in favourable cost-effectiveness outcomes for different ‘screen-and-treat’ 
scenarios (chapter 8). Here, the analyses specifically suggest most optimal 
cost-effectivenes of population-based screening can be achieved if targeted 
at microalbuminuria in the general population.

In summary, it has been shown in this thesis that treatment with 
RAAS intervening agents (ARBs and ACE-inhibitors) in subjects at 
elevated cardiovascular and renal risk is likely to be cost-effective in 
preventing cardiovascular and/or renal diseases. Early intervention may 
be more optimal in that respect. Several studies in this thesis emphasize 
the importance of combining both clinical trial as well as observational 
data to support evidence-based decisions on health-care interventions 
and use of pharmacotherapeutic agents. Furthermore, the analyses in this 
thesis suggest potential favourable cost-effectiveness of active screening 
for (micro)albuminuria in the general population. These results were 
based on both data from clinical trials and observational data, and are 
therefore likely to be representative for ‘real-life’ settings. 

The results from this thesis ideally lead to increased awareness of the 
impact of albuminuria in clinical practice and offer health-care decision-
makers tools to seriously consider implementation of a population-based 
screening that is directed at albuminuria. 





Samenvatting
Cardiovasculaire en renale ziekten hebben de afgelopen decennia een 
groeiend aandeel gehad in de totale morbiditeit en mortaliteit in de 
westerse wereld. De toename in het zorggebruik en de daarmee gepaard 
gaande kosten voor deze ziekten, resulteert in groeiende financiele druk 
op het totale gezondheidszorgbudget. Hierdoor blijft preventie van 
cardiovasculaire ziekten en de ontwikkeling van renale ziekten een erg 
belangrijk aandachtspunt. In de huidige situatie wordt farmacotherapie 
veelal gestart bij patiënten met cardiovasculaire historie ofwel 
gediagnostiseerde nierziekte. Deze re-actieve behandeling (late interventie) 
richt zich daarmee niet op het identificeren van relatief gezonde personen, 
maar is gebaseerd op het behandelen van bestaande risicofactoren (bv. 
hypertensie, hypercholesterolemie, diabetes). Door recent onderzoek wordt 
verhoogde albuminurie tegenwoordig beschouwd als een krachtige vroege 
voorspeller van cardiovasculaire en renale ziekte in specifieke patiënten 
populaties maar ook in de algemene bevolking. Naast de bestaande re-
actieve behandeling, heeft het voorspelende karakter van verhoogde 
albuminurie geleid tot de suggestie dat actieve bevolkingsscreening voor 
albuminurie zou kunnen leiden tot vroegtijdige opsporing en behandeling 
waardoor cardiovasculaire en renale ziekten voorkomen kunnen worden. In 
dit proefschrift werden de epidemiologische en gezondheidseconomische 
aspecten van preventieve interventies voor patiënten met een verhoogd 
risico op cardiovasculaire en renale ziekte geëvalueerd. Het eerste deel 
van het proefschrift getiteld “Health-economic findings from clinical 
trials”, geeft een overzicht van klinische en gezondheidseconomische 
studieresultaten voor het behandelen van specifieke patiëntenpopulaties 
met renine angiotensine aldosteron systeem (RAAS) interveniërende 
middelen. Het tweede deel van dit proefschrift getiteld “Health-economic 
outcomes for albuminuria screening in ‘real-life’ settings”, onderzoekt 
de epidemiologische en gezondheidseconomische uitkomsten voor een 
populatie-screening gericht op albuminurie. 

Ter preventie van cardiovasculaire en renale ziekten, spelen 
farmacotherapeutische richtlijnen, de ernst van de aandoening en 
kostenoverwegingen in toenemende mate een rol bij de behandelingskeuze. 
De in dit proefschrift beschreven kosten-effectiviteits analyses zijn gebaseerd 
op bestaande gerandomiseerde klinische studies (bv. RENAAL, Val-HeFT, 
LIFE) en laten zien dat de geneesmiddelkosten niet geheel bepalend zijn 
voor de gezondheidseconomische uitkomsten (hoofdstuk 1-4). In het 
bijzonder blijken voor ernstige aandoeningen (bv. diabetische nefropathie 
en hartfalen), dat de duurdere farmacotherapeutische interventies (bv. 
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RAAS interveniërende middelen) door diverse kostenbesparingen (bv. 
reductie in dialyse kosten of kosten voor ziekenhuisopnames) toch kosten-
effectieve opties kunnen zijn. Voor RAAS interveniërende middelen 
(angiotensin receptor blockers (ARBs) en angiotensin-converting enzyme 
(ACE-)remmers) onderling, zijn vergelijkende (kosten-)effeciviteitsstudies 
nog schaars (hoofdstuk 1). Daarom zal hierbij op basis van 
kostenoverwegingen de voorkeur veelal uitgaan naar behandeling met de 
goedkopere generieke ACE-remmers, omdat ARBs nog niet uit patent zijn. 
Het totale gezondheidseconomische profiel van RAAS interveniërende 
middelen vereist een (direct) vergelijkende kosten-effectiviteitsstudie 
tussen ARBs en ACE-remmers, waarin alle (in)directe kosten en effecten 
worden meegenomen.

Het is alom bekend dat de vertaalslag van resultaten uit klinische studies 
naar de effectiviteit in dagelijkse praktrijk slechts in beperkte mate opgaat 
als het gaat om de werkzaamheid van geneesmiddelen. Deze moeizame 
vertaling wordt mede veroorzaakt door het specifieke, vaak homogene, 
karakter (bv. specifieke patiëntenpopulatie en ‘within-trial’ doses) van 
klinische studies en het heterogene karakter van de algemene populatie 
(hoofdstuk 4). Het is voor vergoedingsbeslissingen en ontwikkeling van 
farmacotherapeutische richtlijnen van belang dat naast de resultaten uit 
klinische studies, de therapeutische en farmaco-economische waarde 
van antihypertensiva (met name ARBs en ACE-remmers) tevens in de 
dagelijkse praktijk worden geëvalueerd. 

Door de ontwikkeling van epidemiologische methoden om op een 
betrouwbare manier gegevens uit observationele studies te gebruiken, is het 
nu mogelijk om zowel klinische als observationele bronnen te gebruiken 
voor het maken van klinisch relevante behandelingskeuzes. Het gebruik 
van observationele data is ook van belang voor gezondheidseconomische 
analyses, waarbij de primaire analyses veelal gebaseerd zijn op (schaarse) 
gegevens en uitkomsten vanuit klinische studies. In het bijzonder, geven 
observationele vervolgstudies een extra mogelijkheid om de kosten-
effectiviteit van (farmacotherapeutische) interventies op de lange termijn 
te berekenen. 

Het tweede deel van het proefschrift evalueert de epidemiologische 
en gezondheidseconomische aspecten van de behandeling van personen 
met verhoogde albuminurie en een daaraan gerelateerd verhoogd risico 
op cardiovasculaire en renale ziekten. Opsporing en behandeling van 
patiënten met verhoogde albuminurie blijkt erg effectief en tevens kosten-
effectief in een populatie van patiënten met diabetische nefropathie 
(hoofdstuk 1, 5). Bij deze patiënten blijkt behandeling met RAAS 
interveniërende middelen in een vroeg stadium (microalbuminurie) versus 
een later stadium (macroalbuminurie), in de grootste gezondheidswinsten 
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en kostenbesparingen te resulteren. In lijn met deze bevindingen, zijn de 
praktische mogelijkheden en kosten-effectiviteit van een eventuele actieve 
populatie screening gericht op vroege opsporing en behandeling van 
verhoogde albuminurie geëvalueerd (in vergelijking met de standaard re-
actieve behandeling) (hoofdstuk 5). 

Bestaande economische studies zijn veelal gebaseerd op modellen met 
albuminurie-afhankelijke progressie naar een eindstadium van chronische 
nierziekte toegepast in specifieke patiëntenpopulaties (hoofdstuk 1, 5). Voor 
dit proefschrift is een model ontwikkeld waarin naast renale uitkomsten 
ook cardiovasculaire uitkomsten zijn meegenomen op basis van de 
PREVEND-IT studie. Deze studie werd uitgevoerd onder relatief gezonde 
personen uit de algemene populatie. De behandeling van personen 
met verhoogde albuminurie met ACE-remmer therapie gedurende de 
PREVEND-IT studie, reduceerde de albuminurie waarde en het aantal 
cardiovasculaire events. De inclusie van cardiovasculaire uitkomsten 
resulteerde in een gunstige kosten-effectiviteit voor populatie-screening 
en behandeling van verhoogde albuminurie (hoofdstuk 6). Resultaten op 
basis van observationele PREVEND gegevens suggereren dat het effect 
van bloeddrukverlagende middelen (met name RAAS interveniërende 
middelen) afhankelijk is van de albuminurie waarde. Hoe hoger de 
albuminurie waarde voor de start van bloeddrukverlagende therapie is, 
des te groter is de relatieve en absolute risico reductie voor cardiovasculaire 
aandoeningen (hoofdstuk 7). Vanuit klinisch en gezondheidseconomisch 
perspectief is het, op basis van deze resultaten, redelijk om zowel 
albuminuria, cardiovasculaire en renale uitkomsten mee te nemen in 
een kosten-effectiviteits analyse voor een preventieve interventie in de 
algemene populatie. Klinische en observationele gegevens zijn gebruikt 
voor het berekenen van de kosten-effectiviteit van populatie screening 
op basis van albuminurie waarde en leeftijd, resulterend in een gunstige 
kosten-effectiviteit voor diverse scenario’s (hoofdstuk 8). De resultaten 
suggereren met name een gunstige kosten-effectiviteit voor het screenen 
van de algemene populatie op microalbuminurie. 

Samenvattend, laten de resultaten in dit proefschrift zien dat behandeling 
met RAAS interveniërende middelen kosten-effectief is in het voorkomen 
van cardiovasculaire en/of renale ziekten. Hierbij lijkt vroege interventie 
het meest optimaal. Daarnaast laten enkele studies zien dat zowel klinische 
als observationele data belangrijk zijn voor het maken van een juiste 
afweging en beslissing over de toepassing van diverse gezondheidszorg 
interventies waaronder het gebruik van geneesmiddelen. Een belangrijke 
bevinding in dit proefschrift is de gunstige kosten-effectiviteit van een 
populatie-screening op microalbuminurie, welke berekend werd op basis 
van zowel klinische trial alsook observationele gegevens. Daarmee zouden 
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de resultaten van dit proefschrift idealiter bijdragen aan de verhoogde 
bewustwording van de mogelijke impact van albuminurie metingen in de 
dagelijkse klinische praktijk. Voor beleidsmedewerkers zouden de huidige 
resultaten kunnen leiden tot serieuze overwegingen omtrent de opname 
van albuminurie in behandelrichtlijnen en de eventuele invoering van een 
screeningsprogramma gericht op het vroegtijdig opsporen van personen 
met verhoogde albuminurie en dus verhoogd risico op cardiovasculaire en 
renale ziekte. 
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& FarmacoEconomie en Farmacotherapie & Farmacotherapeutische 
Patiëntenzorg bedanken voor prettige werksfeer en gezelligheid op onze 
afdeling. De koffiepauzes, georganiseerde borrels, glühwein drinken, dag-
jes uit en de nieuwjaarslunch waren vaak erg geslaagd. Ik hoop dan ook ze-
ker dat deze tradities in stand gehouden worden. Daarnaast waren er nog 
de zogenoemde ATC-DDD festiviteiten. Alhoewel ik slechts enkele malen 
naar een ATC-DDD borrel ben geweest, denk ik dat het alleen al gezien de 
prachtige emailwisselingen een onovertroffen succes is gebleken.

Natuurlijk wil ik hier nog specifiek de farmacoeconomen Jasper, Rogier, 
René, Robin, Gijs, Petros, Albert-Jan, Stefan, Mark, Tjalke en Hong-ahn 
noemen. Ik denk dat we inmiddels uitgegroeid zijn tot een hecht team dat 
efficiënt samenwerkt. Naast het harde werken in een goede sfeer is er al-
tijd tijd voor een goede grap die niet altijd even goed door de beugel kan. 
We zijn steeds prominenter aanwezig op congressen als de ISPOR, iHEA 
en EUPHA waar we het altijd erg gezellig weten te maken. Naast de seni-
ors Jasper, Rogier en René die alledrie al gepromoveerd zijn, ken ik Robin 
het langst. We hebben diverse cursussen samen gevolgd, waarvan de York 
cursus nog wel het meest noemenswaardig is. Samen begonnen we met de 
Farmacie studie en ongeveer gelijktijdig hebben we ook ons proefschrift 
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afgerond. Dit schept een band, al zeg ik het zelf! Naast de methodologische 
input van Robin is de versterking van de afdeling met Petros een belangrijk 
feit. Petros, thanks for all your help on the methodological issues. Gijs, 
met jou heb ik veel gesproken over de commerciële aspecten van de ge-
zondheidseconomie. Inmiddels zit jij met je bedrijfje BaseCase in Berlijn 
en zijn er genoeg aanknopingspunten voor toekomstige samenwerking. Ik 
hoop dat de nieuwere lichting promovendi, Albert-Jan (in Londen), Stefan, 
Mark, Tjalke en Hong-ahn, net zoveel plezier in hun promotie-onderzoek 
mogen hebben als ik dat heb gehad. De vele interessante projecten maken 
het mogelijk dat we in een goede synergie met elkaar tot een nog hoger 
niveau kunnen komen. Dit is prachtig! 

Maarten en René, ik vind het nog steeds geweldig dat jullie enthousiast 
waren over mijn initiatief dat geleid heeft tot de onze samenwerking bin-
nen onze jonge universiteit ‘spin-off ’ ‘HECTA B.V.’ (‘Health Economics 
Consultancy & Technology Assessments’). We vormen samen een prachtig 
team!

Alhoewel ik vorig jaar gestopt ben met actief schaatsen bij de ‘Kluners’ wil 
ik mijn (sport)vrienden bedanken voor de vele ontspannende en inspan-
nende schaats- en fietskilometers. We vormen nog steeds een leuke groep 
die in staat is om het sportieve met het gezellige te verenigen.  

Familie Jentink (Pa, Ma, Hermy, William, Wilma, Mark, Robert, Ellen, 
Anouk, Marloes, Arjen en Anne) bedankt voor jullie interesse, betrokken-
heid en gezelligheid. 

Clichématig draag ik dit proefschrift op aan hen die mij dierbaar zijn. 
Mensen die me kennen weten wie het betreft, maar toch wil ik hierbij in het 
bijzonder mijn ouders (‘Heit & Mem’) bedanken voor hun intense betrok-
kenheid, onvoorwaardelijke steun, enorm enthousiasme en positieve sti-
mulans. Jullie hebben mij en Johannes de mogelijkheid en ruimte gegeven 
om ons te ontwikkelen tot wie we nu zijn en zijn daarmee een voorbeeld 
voor mij. Ik wil mijn broer(tje) Johannes en z’n vriendin Annie bedanken 
voor onze prachtige vriendschap. Johannes, ik vind het een eer dat jij mijn 
paranimf bent bij mijn promotie… een biertje drinken met jou geeft al iets 
extra’s dus met jou als paranimf is mijn promotie bij voorbaat geslaagd! 

Lieve Janneke, de liefde die je me geeft, je steun, je begrip, je geduld, je 
positieve instelling, je luisterend oor, je flexibiliteit, je kennis …bedankt 
voor alles! Ik geniet van elke dag samen met jou. Het is een bijzonder jaar 
waarin de toekomst ons vriendelijk toelacht. Ik heb er zin in!
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