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Introduction: In this study we reviewed the published literature on the economic evaluation of the use of angiotensin receptor blockers (ARBs) for the treatment of hypertension, either primary or due to diabetes.
Methods: An extensive literature review was undertaken. The HEED (Health Economic Evaluations Database)
of the Office for Health Economics and the NHS-EED (NHS Economic Evaluation Database) databases were
searched. Keywords used were “losartan”, “irbesartan”, “valsartan”, “candesartan”, “olmesartan”, “telmisartan”, “eprosartan”, “primary hypertension” and “diabetes”. The study included all articles retrieved from
2001 onwards. Exclusion criteria included economic evaluations of ARBs for other indications (e.g. heart
failure, myocardial infarction, etc.), an underage population, as well as prevalence studies of hypertension
for a disease-specific population.
Results: Of the 63 studies retrieved in the literature search, 35 were included in the review. The majority of
the studies were of irbesartan (16) or losartan (8). In each study, the model used country-specific data to
project and evaluate the clinical and cost outcomes of the treatment arms. The most common method undertaken was cost-consequence analysis (52.94%) followed by cost-effectiveness analysis (32.35%). In most
cases, costs and benefits results were not synthesised. Results failed to show a clear advantage in favour of
specific therapy, as the outcomes suffered from heterogeneity, referred to specific circumstances and were
rather difficult to compare. For different treatment comparators, all the analyses demonstrated an improved
life expectancy and a cost-saving choice. The robustness of results was tested with a series of sensitivity
analyses, which showed a statistically significant result in each case.
Conclusions: The evidence from this review suggests that the available ARBs represent a cost-saving and
cost-effective treatment compared with other conventional treatment options for patients with hypertension
and associated conditions. However, there are no meaningful differences between available ARBs, as the design of clinical and economic studies makes it difficult to find any such differences.

A

pproximately 600 million individuals worldwide are hypertensive,
while 7.14 million deaths are caused
annually by hypertension, according to the
World Health Organisation (WHO).1 An
elevated blood pressure has long been considered as a major risk factor for several cardiovascular diseases –such as heart failure,
myocardial infarction, cerebrovascular disease and others– accounting annually for
millions of deaths overall.2-4 Given the fact
that the rates of cardiovascular mortality

have increased in most European countries,
including Greece, the assessment, control
and modification of risk factors such as hypertension is considered imperative.
The results of several international
cross-sectional or cohort epidemiological
studies show that the prevalence of hypertension varies significantly.5-18 Based on the
results of a systematic review,8 the prevalence of hypertension in Europe is 44.2%
on average, almost twice that in Canada and
the USA (27.4% and 27.8%, respectively).
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Antihypertensive treatment can reduce the risk of
cerebrovascular disease by 40%, coronary heart disease
by 25% and heart failure by 50%, especially in the middle-aged and elderly population. The benefits of antihypertensive drugs have been confirmed by a variety of
clinical trials that have been undertaken. Many classes
of drug are available for treatment, and debate has raged about whether the benefits of treatment are purely a
function of the quality of blood pressure control or
whether the type of drug used might also be a powerful
determinant of outcome. The difference in cost between the “newer” classes of angiotensin receptor
blockers (ARBs) and the “older” drugs (‚-blockers) is
substantial, while overall the costs of cardiovascular
drugs account for almost 20% of the entire worldwide
drug expenditure. It is not surprising, therefore, that recently there has been increasing interest in the economic aspects of health care in general and the economic
evaluation of pharmaceuticals for hypertension in particular.
The economic evaluation of antihypertensive
therapy entails several methodological challenges.
Hypertension clinical trials are of limited duration,
and in this context modelling is necessary to capture
the long-term consequences in terms of both costs
and survival. An assessment of the long-term risk of
developing cardiovascular disease as a result of hypertension requires long-term epidemiological data
from studies such as the Framingham study. Such data are not specifically designed to evaluate the effectiveness of individual drug classes, however, which also makes it important to have access to clinical trial
data that are relatively long-term. Modelling is not always straightforward in this context and poses several
challenges. It is sometimes problematic to estimate
the relative risks for the subpopulations involved,
their quality of life, and the reductions from hypertension treatments. The objective of the present study
was to review published economic evaluations of all
ARBs for the treatment of hypertension, primary or
due to diabetes, and to summarise their methods and
results.

York or via the Cochrane Library website. Both databases were searched by drug name and the results of
the searches were filtered according to the patient
population of relevance for the aim of this study.
The keywords used were “losartan”, “irbesartan”,
“valsartan”, “candesartan”, “olmesartan”, “telmisartan”, “eprosartan”, “primary hypertension” and “diabetes”. The study included all articles retrieved from
2001 and onwards. The cut-off date was the end of
January 2008. Exclusion criteria included economic
evaluations of ARBs for other indications (e.g. heart
failure, myocardial infarction, etc.), an underage population, as well as prevalence studies of hypertension
for a disease-specific population. No restrictions were
imposed regarding the types of articles included in
the review or the study design.
Once the literature review was finished, an experienced researcher applied the inclusion and exclusion criteria, and data were extracted in an Excel format. Papers were reviewed for quality by two independent researchers. In the case that a full record was
not provided on the NHS-EED or HEED website, an
attempt was made to extract any available and substantial data from the abstracts of the papers.
Results
Of the 63 studies retrieved in the literature search, 35
satisfied the inclusion criteria; the majority were of
irbesartan (16) or losartan (8). The table presents the
studies included in the analysis for both the hypertensive and diabetic populations. No economic evaluations assessing eprosartan were retrieved.
The majority of the studies were conducted in either a European setting or in the USA and followed the
corresponding NHS-setting or third-party-payer perspective. Cost-consequence analysis (48.6%) was the
most commonly employed analysis in the review, followed by cost-effectiveness analysis (37.1%). It is noteworthy that analysis based on Quality Adjusted Life
Years (QALYs) was undertaken in only two studies.
Olmesartan

Methods
An extensive literature review was undertaken. The
HEED (Health Economic Evaluations Database) of
the Office for Health Economics and the NHS-EED
(NHS Economic Evaluation Database) databases
were searched. The latter was accessed via the Centre
for Reviews and Dissemination of the University of
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As indicated in Table 1, two studies were retrieved
from the databases. Saito et al, 2005,19 assessed the
cost-effectiveness of Olmesartan for the treatment of
mild to moderate hypertension in Japanese patients
with or without diabetes. The authors employed a deterministic Markov model to assess the cost-effectiveness of six treatment regimens: initial ARB with addi-
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tional calcium antagonist if monotherapy was insufficient; initial calcium antagonist with additional ARB;
initial ARB with additional diuretic; initial calcium
antagonist with additional diuretic; initial diuretic
with additional calcium antagonist; and initial diuretic with additional ARB. Among patients without diabetes, expected survival and costs were similar in the
6 treatment groups. The analysis showed that for hypertensive patients with concomitant diabetes, the
cost-effectiveness in the initial olmesartan plus calcium antagonist group was noticeably higher in terms
of both lower costs and better survival over the patient’s lifetime, suggesting that this regimen was superior to the others. The robustness of the results was
tested with a series of one-way sensitivity analyses.
Simons et al, 2003,20 was a multiple ARB comparator study including olmesartan and will be reviewed below.
Telmisartan
The search yielded one economic evaluation of telmisartan.21 This was a cost-consequences analysis of
the drug compared to four other antihypertensive medications—hydrochlorothiazide, atenolol, enalapril
and amlodipine—when used for the treatment of patients with uncontrolled mild-to-moderate uncomplicated hypertension. The study was carried out in the
USA. The authors employed a decision model to measure the costs and outcomes (i.e. time to hypertension
control and the probability of a drug being chosen as
first line therapy) over a 15-month period of time.
The model was populated with data from literature
review and clinical experts’ opinion. The evaluation
showed that telmisartan reduced the time to hypertension control and costs, relative to other commonly
prescribed therapies, for the treatment of patients
with mild-to-moderate hypertension. This conclusion
was robust to wide variations performed in the sensitivity analyses.
Candesartan
Fujikawa K et al, 2005,22 performed a cost-effectiveness analysis of low-dose candesartan combined with
controlled release nifedipine compared to candesartan monotherapy in patients with essential hypertension uncontrolled by the latter. Efficacy data were derived from a double-blind, parallel-arm, randomised
clinical trial in Japan (Nifedipine and Candesartan
Combination-NICE Combi-study).23 Outcomes were

measured as achievement rates of target blood pressure
(i.e. <130/85 mmHg for patients aged under 60 years,
<140/90 mmHg for those aged 60 to 69 years, and
<150/90 mmHg for those aged 70 years and over) and
rates of adverse events. The incremental cost-effectiveness of each treatment during the 8-week period
was compared from the perspective of a third-party
payer. The economic analysis showed that combination therapy with controlled-release nifedipine and
low-dose candesartan is “dominant” compared to candesartan monotherapy for the treatment of essential
hypertension, since it demonstrates higher efficacy
and lower incremental costs. The stability of the initial findings over a range of sensitivity analyses supports
the conclusions.
Irbesartan
Sixteen studies were included in the review for irbesartan, of which 11 based their efficacy data on the
“Irbesartan in Diabetic Nephropathy Trial” (IDNT).
The IDNT demonstrated that irbesartan would lead
to greater reductions in end-stage renal disease
(ESRD) or death compared to control or amlodipine
arms in patients with hypertension, type-II diabetes
and nephropathy. 24 A Markov model was used to
simulate the progression of the aforementioned diseases and to estimate the incremental cost and benefits among treatment choices. This model was adapted to the specific countries by using regional data of
resource use and costs and all employed the thirdparty-payer perspective. Three different assessments
were carried out, and will be outlined in detail below.
Irbesartan vs. amlodipine and standard care
In particular, 7 studies had as an objective to assess
the cost-effectiveness of treating patients with hypertension, type-II diabetes and/or nephropathy with
irbesartan, amlodipine or standard blood pressure
control.25-31 Standard care was assumed to be any antihypertensive treatment but ARBs, ACE inhibitors and
calcium channel blockers (CCB). The time horizon
ranged from 10 to 25 years. Only in the UK were the
costs combined with the benefits. In all cases, it was
shown that irbesartan, compared with amlodipine and
standard care, improved life expectancy whilst reducing treatment costs, thus being cost-saving. These
findings were supported by a wide range of sensitivity
analyses.
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Irbesartan plus standard care vs. standard care alone
This type of analysis refers to the comparison of irbesartan combined with standard antihypertensive treatment versus the conventional treatment alone in patients with type-II diabetes, hypertension and microalbuminuria. Three studies were retrieved that followed the same analysis and modelling approach.32-34
A Markov model was employed to simulate disease
progression from microalbuminuria to early overt
nephropathy, advanced overt nephropathy, doubling
serum creatinine, ESRD treated with early dialysis or
renal transplant, and death. Country-specific adaptation was performed, especially when considering resource use and cost data. The model was populated
with clinical data from the IDNT and IRMA-2 studies.35 Outcome measures were life years gained, life
expectancy, cumulative incidence of ESRD and years
free of ESRD. All analyses led to the conclusion that
the addition of irbesartan to standard care for diabetic hypertensive individuals with microalbuminuria
was projected to reduce the incidence of ESRD, extend life, and reduce costs from the health care payer
perspective. The sensitivity analyses demonstrated
that the base-case results were unchanged when variations in key assumptions and parameters were made.
Early irbesartan vs. late irbesartan and standard care
Four studies retrieved were based on trials where irbesartan treatment was provided to patients at different
time points according to the progression of the disease.36-39 These were diabetic patients with hypertension and microalbuminuria. The three strategies were
standard antihypertensive treatment, late irbesartan
treatment and early irbesartan treatment. Standard
care was any antihypertensive treatment but ARBs,
ACE inhibitors and CCBs. Early irbesartan treatment
consisted of 300 mg irbesartan daily, started when patients were in the state of microalbuminuria. Late irbesartan treatment referred to standard care when patients were in the states of microalbuminuria and early
overt nephropathy and in combination with 300 mg
irbesartan daily once patients reached the state of advanced overt nephropathy.
A Markov decision model was used to simulate the
progression of the associated disease through the aforementioned states. A number of analyses were carried
out using country specific data for resource use and
costs. All country-specific analyses showed that the addition of irbesartan (early or late) may lead to signifi-

cant cost savings. However, the early addition of the
drug during microalbuminuria was found to be more
cost-saving than both late treatment on advanced overt
nephropathy or standard care. This was due to greater
delays in the onset of ESRD and thus greater overall
savings in health care resource utilisation. Sensitivity
analyses confirmed the robustness of the study results.
Losartan
Eight studies focused on the use of Losartan in hypertension and nine in diabetes patients. These studies are
summarised in Table 1 and are discussed below.
Economic evaluation of losartan vs. atenolol
Several studies were based on the efficacy data from
the LIFE (Losartan Intervention For Endpoint Reduction in Hypertension) clinical trial.40-43 The LIFE study
assessed the cardiovascular mortality and morbidity associated with losartan and atenolol. It was a doubleblind, randomised, parallel-group trial undertaken in
six European countries and the USA. It involved patients with essential hypertension (sitting blood pressure 160-200/95-115 mmHg) and electrocardiographic
evidence of left ventricular hypertrophy (LVH).44 A
model was used to extrapolate the results of the trial to
patient lifetime. In all cases the model was adapted using country-specific resource use and cost data. In all
analyses, a third-party-payer perspective was used and
direct costs were measured: i.e. medication costs and
costs of myocardial infarctions and strokes, which included interventions, hospitalisation, outpatient treatment and rehabilitation. Only in Sweden41 were indirect costs expressed as consumption/production and
production losses due to morbidity/mortality were also
included in the sensitivity analysis. The cost and benefits were combined in all studies using incremental costeffectiveness ratios, either with QALYs or Life Years
Gained (LYG). The analyses found that losartan is
cost-effective in preventing stroke in hypertensive patients with LVH, irrespective of the perspective employed. In the case of Switzerland, 42 losartan even
proved to be dominant. Sensitivity analyses were performed to test the accuracy and sensitivity of the results.
Losartan and improvement in cognitive function
Johnson et al, 2002,45 assessed the potential economic
consequences of losartan vs. hydrochlorothiazide due
to the cognitive improvement of hypertensive patients
(Hellenic Journal of Cardiology) HJC ñ 113
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in Sweden. The effectiveness data came from a double-blind, randomised, controlled trial that evaluated
improvement in the cognitive function and quality of
life of hypertensive patients.46 Cognitive function was
evaluated, at baseline and after 26 months, by psychometric tests consisting of items from the Mini-Mental
State Examination (MMSE). Regression analyses
were performed to evaluate the impact of the MMSE
score on resource utilisation and to evaluate the relationship between the MMSE score and the total cost of
care. The resources included in the economic analysis
were hospitalisation, accommodation, home help, and
drug consumption. The analysis demonstrated an inverse relationship between the MMSE score and the
total costs of care. The improvements in cognitive
function obtained with losartan, compared with hydrochlorothiazide, were associated with economic benefits, larger than expected, in terms of blood pressure
control among patients with hypertension.
Economic evaluation of losartan in Greece
Stafilas et al, 2005,47 examined the clinical and economic impact of several antihypertensive treatments
of mild to moderate hypertensive patients in Greece.
This was a cost minimisation analysis of losartan, propranolol, amlodipine, enalapril and chlorthalidone. A
decision model was constructed to simulate clinical
decisions and outcomes of the disease. Clinical evidence was extracted from seven studies (6 randomised,
controlled trials, and a meta-analysis). The analysis of
costs was carried out from the third-party-payer perspective and thus only direct costs were included. The
study concluded that prescribing older agents as firstline treatment for uncomplicated hypertension is
more cost-effective, since their drug costs are lower.
Sensitivity analyses were performed and further enhanced the results of the analysis.
In diabetic patients, a number of economic evaluations of losartan were carried out.48-58 All studies were
based on the results of the RENAAL (Reduction of
Endpoints in Non-Insulin-Dependent Diabetes Mellitus with the Angiotensin II Antagonist Losartan) clinical trial.59 The trial compared losartan combined with
standard care with the latter alone in the prevention of
ESRD. Standard care included all antihypertensive
treatment but ACE inhibitors or ARBs. The outcomes
in the economic analyses were measured as incidence
of ESRD, life years gained, or time without ESRD. For
the economic analyses, the clinical data and resource
use data from the trial were used. The study period was
114 ñ HJC (Hellenic Journal of Cardiology)

4 years on average. Only one economic evaluation56
projected the results of the trial to a lifetime horizon. In
all the analyses, it was demonstrated that the combination of losartan and standard care may lead to significant improvements in renal outcomes overall, whilst being cost-saving. This was evident in all country-specific
analyses. In fact, in all studies the costs and benefits
were not combined because losartan dominated the
comparative treatments. These findings were validated
by the results of sensitivity analyses.
Valsartan
Smith et al, 2004,60 conducted a cost utility analysis of
valsartan versus amlodipine in type-II diabetic and
microalbuminuria patients in the USA. A Markov
model was used to assess the costs and outcomes of
both treatments over an 8-year period. The patients
could progress within the model between different
states, such as from normal albumin levels to microalbuminuria, nephropathy, ESRD, cardiovascular disease, or death. The clinical data to populate the model were obtained from the MARVAL study.61 The results of the economic analysis were favourable to valsartan, since it was found to be both less costly and
more effective compared to amlodipine. A range of
sensitivity analyses were performed. The authors did
not provide any specific recommendation based on
the results of this study. However, they suggest that
future research should try to compare further the use
of angiotensin II receptor blockers and angiotensin
converting enzyme (ACE) inhibitors, especially generic
ones.
Multiple ARB comparators
Two studies reviewed the cost effectiveness of different angiotensin receptor blockers. Anderson et al,
2000,62 examined the clinical and cost-effectiveness of
candesartan, losartan, valsartan and irbesartan used
for the treatment of mild to moderate hypertension in
South Africa. The analysis and the choice of comparators were based on the assumption that the decision to treat patients with ARBs was already made,
and therefore no other class of antihypertensive drug
was included in the study. Synthesis of data from a review of clinical papers was used to populate the parameters in the analysis. The summary benefit measure
used was the reduction in sitting diastolic blood pressure. Resource use only accounted for drugs used.
Average cost-effectiveness ratios for each drug were
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calculated, demonstrating that candesartan was the
most cost-effective regimen, potentially resulting in
significant savings.
Simons et al, 2003,20 compared the cost-effectiveness of olmesartan, losartan, valsartan and irbesartan
for the treatment of hypertension, from the perspective
of a managed care setting in the USA over a 5-year
time period. The evaluation was based on a prospective, randomised, double-blind clinical trial.58 Incremental differences in blood pressure reduction were
translated into a reduction in the annual risk of cardiovascular disease and morbidity. Only direct costs were
included in the analysis, including hospitalisation,
emergency room visits, visits to a general practitioner,
and drug costs. Based on the results of this study, it was
argued that treatment of patients with olmesartan in a
managed care setting in the USA may reduce the overall cost of medical care for patients with uncontrolled
hypertension to a greater extent than its comparators.
However, sensitivity analysis was not performed.
Discussion
Nowadays, hypertension has been recognised as one
of the most common risk factors for cardiovascular
disease. Given the fact that the rates of cardiovascular mortality have increased in most European countries, including Greece, the assessment, control and
modification of risk factors such as hypertension is
considered imperative. The cost of cardiovascular
drugs is growing rapidly worldwide and there has
therefore been an increasing interest in the economic
aspects of hypertension in Greece and elsewhere. In
the present study we set out to review published economic evaluations of several ARBs, including losartan, irbesartan, valsartan, candesartan, olmesartan,
telmisartan and eprosartan, for the treatment of hypertension, primary or due to diabetes. For the purposes of this review we searched the HEED (Health
Economic Evaluations Database) of the Office for
Health Economics and the NHS-EED (NHS Economic
Evaluation Database).
Several studies fulfilled the inclusion criteria.
Most studies employ decision modelling to extrapolate from large multinational clinical trials to various
country-specific settings.
The review of economic evaluations revealed that
the use of this class of drugs for the treatment of primary or diabetic hypertension may result in cost-effective use of scarce health care resources. In fact, in almost all of the economic evaluations identified, the use

of ARBs could save money, in addition to being more
effective compared to their alternatives. The authors
of all the economic evaluations concluded that the use
of these drugs might be a cost-effective alternative to
standard antihypertensive treatments. This reflected
the scope of the analyses. However, some of them
pointed out that future research could address issues
such as the inclusion of different comparators, or
methodological aspects such as extrapolation of the results beyond the duration of clinical trials, or address
structural uncertainties around the models.
Regarding the methodological elements of the
analyses in general, the review suggests a good adherence to recommended principles of economic evaluations. Elements such as the perspective used for the
analyses, the discount methods and discount rates, and
the time-horizon of the analysis were reported in the
majority of the evaluations. Due to the nature of this
review, it was not possible to assess whether the authors had presented visual representation of the models in the publications.
Almost all the studies performed extensive sensitivity analyses. These were performed to address the
uncertainty around the estimation of parameters or
the assumptions made in the models. A high number
of those performed deterministic sensitivity analyses
by altering the values of one or more parameters at a
time. A few studies employed probabilistic sensitivity
analyses.
The economic evaluations used a range of outcomes based on which the effectiveness of ARBs was
measured. The most common outcomes measured
for primary hypertension were time (measured in
months) to hypertension control, overall survival, target rates of blood pressure and in two studies QALYs
(Quality Adjusted Life Years). For diabetic patients,
the most common outcomes were life expectancy,
time to progression to ESRD, cumulative and incidence of ESRD. In terms of the costs, in all the studies but one they were estimated from the third-partypayer (either the health care system or the health insurer) perspective; hence the indirect costs (loss of
productivity) were not included. It should be noted
that all the analyses (apart from candesartan and
telmisartan) extrapolated clinical trial results for a time
horizon up to 25 years.
The economic evaluation of hypertension, and in
particular of ARBs, is a dynamic methodological field.
The studies included in this review can be used as a
reference point for economic evaluations of hypertension treatments in the future; however, any new
(Hellenic Journal of Cardiology) HJC ñ 115
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economic evaluation should address the methodological challenges and uncertainties of previous analyses in
order to make the best use of the available data for the
specific decision problem in the context of health care
environment.
In conclusion, as far as the findings are concerned,
the evidence from this review suggests that the available
ARBs represent a cost-saving and cost-effective treatment compared with other conventional treatment options for patients with hypertension and associated conditions. However, we found no meaningful differences
between available ARBs, since the design of clinical
and economic studies makes it difficult to detect any
such differences.
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