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Abstract
Background As the observation periods of large-scale clinical studies are relatively short, the pharmaco-
economical advantage of different first-line drugs in lifetime hypertension treatment is unknown.

Methods Based on the results of large-scale clinical studies, phase III clinical trials and epidemiological data,
we constructed a Markov model for patients with moderate essential hypertension to study the cost-effectiveness
of lifetime hypertension treatment. In 55-year-old patients with moderate hypertension in the absence and
presence of concomitant diabetes, four treatment regimens were compared: initial angiotensin II receptor blocker
(ARB) with additional calcium antagonist if ARB therapy was insufficient (A�C group); initial calcium antagonist
with additional ARB (C�A group); initial ARB with additional diuretic (A�D group); and initial diuretic with
additional ARB (D�A group). It was assumed that approximately 20% of patients received combination therapies
and there was no difference in the treated blood pressure. Olmesartan medoxomil, azelnidipine and
trichlormethiazide were the ARB, calcium antagonist and diuretic used, respectively.

Results Among patients without diabetes, expected survival and costs were similar in all treatment groups.
Among patients with concomitant diabetes, expected survival was longest and expected costs were lowest in the
A�C group. Expected survival decreased and expected costs increased in the order of A�D group, C�A group,
and D�A group. The presence of concomitant diabetes affected cost-effectiveness.

Conclusion Our study suggests no pharmacoeconomical advantage among any of the treatment regimens in
those patients without diabetes. In contrast, treatment with ARB with additional calcium antagonist may be a
superior lifetime hypertensive treatment regimen for hypertensive patients with diabetes.

Key words Essential hypertension, Antihypertensives, Cost-effectiveness analysis, Cardiovascular disease,
Combination therapy

lished or revised in many countries and areas4–7;
in 2004, the Japanese Society of Hypertension
revised its guideline JSH 2000,8 which was first
published in 2000.

Most of the guidelines recommend aiming at
similar blood pressure targets. However, there
are differences among the guidelines as to which
first-line drug should be used in uncomplicated

Introduction

Large-scale clinical studies demonstrated that
cardiovascular disease (CVD) in hypertensive
patients can be prevented with favorable blood
pressure control.1–3 Evidence-based guidelines
for hypertension management have been pub-
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hypertension. The US 7th Report of the Joint
National Committee (JNC7) and revised World
Health Organization and International Society
of Hypertension (WHO/ISH) statement recom-
mend diuretics as first-line drugs mainly due to
price considerations. In contrast, the European
Society of Hypertension/European Society of
Cardiology guideline recommends diuretics,
beta-adrenergic antagonists, calcium antagonists,
angiotensin-converting enzyme (ACE) inhibitors
and angiotensin II receptor blockers (ARB),

and states that selection of antihypertensives
should be based on the pathological condition of
patients and that effectiveness and tolerability
should not be compromised by drug prices.
The recently published guideline of Japanese
Society of Hypertension in 2004 has similar
recommendations.

The JNC7 and WHO/ISH statement appar-
ently evaluate cost-effectiveness chiefly from
the aspect of blood pressure lowering effect and
drug prices; however, it seems more prudent to

Fig. 1 (A) The Markov model; (B) A diabetes submodel for the progression of diabetic nephropathy
CVD: Cardiovascular disease; CHD: Coronary heart disease; MI: Myocardial infarction;
AP: Angina pectoris; ESRD: End stage renal disease.
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include other factors such as metabolic changes
associated with long-term treatment and patient
compliance into such calculations to obtain a
more accurate estimate of cost-effectiveness.9

Observation periods in large-scale clinical studies
typically are 5 years, whereas in many patients
medical management of hypertension lasts a
lifetime. It is possible that diabetes associated
with antihypertensive therapy did not result in
CVD because of a relatively short period of
observation after the development of diabetes.
Hence, evidence obtained in large-scale clinical
studies could be inadequate for true assessments
of cost-effectiveness of lifetime hypertension
management. Pharmacoeconomic analysis can
explore the association between extension of sur-
vival resulting from antihypertensive treatment
and associated costs by mathematical analytic
models.

We previously constructed an analytic model
(based on the Markov model) for prognosis of
patients with essential hypertension and thereby
evaluated the cost-effectiveness of single-drug
regimens with different ARB.10 In the present
study, in order to assess the cost-effectiveness
for general practice, we modified our analytic
model to evaluate the pharmacoeconomical
effects of four different scenarios of first-line
drug selected plus additional drug given as
needed in hypertensive patients with and without
concomitant diabetes.

Methods

Markov model
Our Markov model was originally comprised of
coronary heart disease (CHD) and stroke sub-
models, as described in our previous report
(Fig. 1A).10 CHD consisted of myocardial infarc-
tion and angina pectoris; stroke consisted of
cerebral infarction, cerebral hemorrhage and
subarachnoid hemorrhage. Causes of CVD death
consisted of myocardial infarction, acute coro-
nary syndrome, and stroke. For the present study,
we added two models mapping development of
diabetes and progression of diabetic nephropathy.
The progression of diabetic nephropathy model
included the following five conditions from the
report by Ikeda and Kobayashi.11 and was con-
structed based on the results of the Kumamoto
study12: no nephropathy, microalbuminuria, ap-
parent proteinuria, chronic renal failure and
hemodialysis (Fig. 1B). The mortality rate after
hemodialysis was assumed to be 12.9%/year
using an exponential distribution based on the
5-year survival rate by Nakai and Shinzato.13

Briefly, the CHD submodel included a risk
estimation equation formulated based on the
findings of the Framingham Study14 and adjusted
for Japanese patients; their incidence was assumed
to be 20% of those in the United States based
on the WHO mortality database.15 This equation

Fig. 2 Subject patient groups and control
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*Approximately 20% of patients received combination therapies
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incorporated some risk factors: gender; age; dias-
tolic blood pressure (DBP); diabetes; smoking;
and ECG-left ventricular hypertrophy. Lowering
DBP leads to a decrease in annual CHD risk.
The stroke submodel was constructed based on
various epidemiological reports on the Japanese
population. The model was slightly modified
so as to estimate the risk reduction associated
with lowering DBP by 10 mmHg at 46.9%, by
adopting the Weibull distributions with the shape
parameter of 0.5.1

DATA Professional™ Software (Treeage Soft-
ware, Inc., Williamstown, MA) was used for the
construction and analysis of the Markov model.

Subjects and treatment strategies
Male and female patients of 55 years of age with
moderate hypertension (DBP, 100 mmHg) in
both the absence and presence of concomitant
diabetes were subjected to this analysis. We
assumed the diabetic patients did not have
diabetic complications at baseline. Treatment
was initiated with the target DBP of 90 mmHg,

and it was assumed that the DBP of patients
who achieved the target value after 3 months of
treatment could be maintained at 90 mmHg by
single-drug therapy throughout the patients’
lives. Furthermore, it was assumed that in patients
who did not achieve the target value DBP could
be controlled by adding another antihypertensive
drug to the original treatment regimen. It was
also assumed that the calcium antagonist, ARB
and diuretic were azelnidipine, olmesartan
medoxomil and trichlormethiazide, respectively.
Four treatment strategies using these medica-
tions were evaluated (Fig. 2): A�C group, initial
ARB with additional calcium antagonist if ARB
therapy is insufficient (defined as target DBP not
reached by initial monotherapy within 3 months);
C�A group, initial calcium antagonist with
additional ARB if the treatment is insufficient;
A�D group, initial ARB with additional diuretic
if the treatment is insufficient; and D�A group,
initial diuretic with additional ARB if the treat-
ment is insufficient. We assumed that there was
no difference in the treated DBP among the four

Table 1 Probability parameters

ARB Ca DIU
Combined Combined

UntreatedCa�ARB ARB�DIU

Response rate (%) 80.2 83.4 83.4 100.0 100.0 NA

Cumulative dropout (%)

First year 5.2 8.8 12.5 8.8 12.5 NA

Second year 6.2 10.4 14.7 10.4 14.7 NA

Third year 6.8 11.4 16.1 11.4 16.1 NA

Fourth year 7.3 12.2 17.2 12.2 17.2 NA

Fifth year 7.7 12.9 18.1 12.9 18.1 NA

Cumulative incidence of diabetes (%)

First year 4.1 5.1 6.0 4.6 5.1 5.1

Fifth year 9.0 11.0 12.9 10.0 11.0 11.0

Tenth year 12.4 15.2 17.8 13.8 15.2 15.2

Fifteenth year 15.0 18.2 21.3 16.6 18.2 18.2

Twentieth year 17.1 20.7 24.2 18.9 20.7 20.7

Percent progression to diabetic nephropathy (%/year)

Without nephropathy�Microalbuminuria 4.6 6.0 6.0 4.6 6.0 6.0

Microalbuminuria�Apparent proteinuria 4.9 6.5 6.5 4.9 6.5 6.5

Apparent proteinuria�End stage renal disease 14.4 20.0 20.0 14.4 20.0 20.0

End stage renal disease�Hemodialysis 14.4 20.0 20.0 14.4 20.0 20.0

Incidence of hyperuricemia 0.0 0.0 8.0 0.0 8.0 0.0

ARB: Angiotensin II receptor blocker; Ca: Calcium antagonist; DIU: Diuretic; NA: Not Applicable
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types of treatment regimens.
Six parameters were considered in the analy-

sis: antihypertensive effect, discontinuation of
treatment, incidence of diabetes, inhibition of
progression of diabetic nephropathy, incidence of
hyperuricemia and drug price (Table 1). The
antihypertensive effect of each treatment regi-
men was evaluated based on the criteria for low-
ered blood pressure provided in the guideline for
clinical evaluation of antihypertensive medica-
tions for new drug applications in Japan: percent-
age of patients that experienced lowering of sys-
tolic blood pressure (SBP) by �20 mmHg and of
DBP by �10 mmHg. Based on the results of

phase III clinical studies the antihypertensive
effect of the calcium antagonist and ARB were
assumed to be 83.4%16 and 80.2%,17 respectively.
The antihypertensive effect of the diuretic was
assumed to be the same as that of the calcium
antagonist (i.e. 83.4%) based on evidence from a
randomized trial conducted in Japan.18

We hypothesized a Weibull distribution with
shape parameter 0.25 for discontinuation of
treatment based on the study of 4-year patient
compliance conducted by Conlin et al.19 To adjust
for Japanese patients, the scale parameters accord-
ing to each antihypertensive were estimated
based on 1-year continuation of treatment (ARB,

Table 2 Cost parameters

Item Cost (Yen)

Costs of coronary heart disease Acute myocardial infarction 2,785,000
Myocardial infarction in the chronic stage (per year) 724,000
Angina pectoris 1,190,000
Angina pectoris in the chronic stage (per year) 700,000

Costs of stroke Cerebral infarction 904,000
Cerebral hemorrhage 1,841,000
Subarachnoid hemorrhage 3,799,000
Stroke in the chronic stage (per year) 213,000

Death costs Death from acute myocardial infarction 2,859,000
Death from acute coronary syndrome 2,541,000
Other deaths 1,469,000

Long-term care costs (per year) ADL1 0
ADL2 738,000
ADL3 2,512,000
ADL4, 5 3,986,000

Outpatient management costs
Consultation fee�prescription fee�additional fee 53,040

 (per year)

Costs of antihypertensive drugs Azelnidipine (16mg/day) 87.0
(daily, on N.H.I. price basis) Olmesartan medoxomil (20mg/day) 189.1

Trichlormethiazide (2mg/day) 9.7

Cost of a uric acid lowering drug Allopurinol (200mg/day) 64.5

Costs of laboratory tests (per year) Diuretic-subscribed patients
First year 11,200
Second and subsequent years 8,400

Patients without diuretic therapy 5,600

Costs of treating diabetes and Diabetes without nephropathy 73,940
diabetic nephropathy (per year) Microalbuminuria 76,340

Apparent proteinuria 82,510
End stage renal disease 100,980
Hemodialysis 5,765,526

Saito I, Kobayashi M, Matsushita Y, et al.
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94.8%; calcium antagonist, 91.2%; diuretic,
87.5%) as reported by Saito and Saruta.20 Fur-
thermore, it was assumed that compliance would
remain steady after 6 years of treatment. DBP
was assumed to return to 100 mmHg if treatment
was discontinued.

Annual incidence of diabetes was estimated
based on the 4-year incidence of diabetes in the
ALLHAT21 by hypothesizing a Weibull distribu-
tion with shape parameter 0.5. The estimate of
incidence of diabetes in the ACE inhibitor group
was substituted for that among ARB users since
the relative difference was similar in the VALUE
study.22 The incidence of diabetes among patients
taking combination therapies was assumed to be
the mean of that associated with each individual
drug. The incidence among patients who did not
receive treatment was assumed to be the same
as that among those patients using the calcium
antagonist.

ARB was assumed to decrease the transition
probability to microalbuminuria and proteinuria
by 24% based on the findings of MICRO-HOPE23

using ACE inhibitor, since ARB had a similar
renoprotective effect as ACE inhibitor in patients
with microalbuminuria, as shown in IRMA2.24

After apparent proteinuria, it was assumed that
the transition probability to chronic renal failure
and hemodialysis would be inhibited by 28%
based on the results of RENAAL.25 If calcium
antagonist was concomitantly used, the effective-
ness was assumed the same as that of ARB
therapy alone. If diuretic was concomitantly used,
it was assumed that the progression of diabetic
nephropathy would not be inhibited.

The incidence of hyperuricemia was assumed
to be 8% among patients taking the diuretic.26

Cost items
This analysis was conducted from the perspective
of the general practice. Direct medical costs and
long-term care costs incurred after stroke were
included in the expense items (Table 2).

Drug prices/day were based on the Japanese
drug price list as of April 2004.27 In patients
prescribed diuretic, it was assumed that frequent
monitoring by blood tests would be necessary.
Hence blood tests for Na�, K�, uric acid, fasting
plasma glucose and lipid were assumed to be
conducted four times in the first year (11,200
yen/year) and three times after the second year
(8,400 yen/year). It was assumed that patients

Table 3 Cumulative incidence of CHD, stroke and diabetes every 5 years and during patients’ lifetime

CHD (%) Stroke (%) Diabetes (%)

Years A+C C+A A+D D+A A+C C+A A+D D+A A+C C+A A+D D+A
group group group group group group group group group group group group

Patients without diabetes

M 5 1.5 1.5 1.5 1.5 1.4 1.5 1.5 1.5 9.1 10.7 9.3 12.3
10 3.6 3.6 3.6 3.6 3.3 3.4 3.4 3.6 12.4 14.4 12.6 16.5
15 6.0 6.1 6.0 6.1 5.8 6.0 5.8 6.2 14.6 16.9 14.8 19.3

Lifetime 15.5 15.5 15.5 15.7 14.5 14.9 14.6 15.4 18.3 21.1 18.6 23.9

F 5 0.7 0.8 0.8 0.8 0.7 0.7 0.7 0.8 9.2 10.8 9.4 12.4
10 1.9 1.9 1.9 1.9 1.7 1.7 1.7 1.8 12.6 14.7 12.9 16.8
15 3.2 3.3 3.2 3.3 3.1 3.2 3.2 3.4 15.1 17.5 15.3 19.9

Lifetime 8.5 8.7 8.5 8.9 13.3 13.6 13.4 14.1 20.6 23.8 21.0 26.8

Patients with concomitant diabetes

M 5 2.0 2.0 2.0 2.1 1.4 1.5 1.5 1.5 NA NA NA NA
10 4.7 4.8 4.7 4.8 3.3 3.4 3.4 3.5 NA NA NA NA
15 7.9 7.9 7.9 7.9 5.7 5.9 5.8 6.1 NA NA NA NA

Lifetime 18.8 18.4 18.7 18.4 13.8 13.9 13.8 14.3 NA NA NA NA

F 5 1.5 1.5 1.5 1.5 0.7 0.7 0.7 0.8 NA NA NA NA
10 3.6 3.6 3.6 3.6 1.7 1.7 1.7 1.8 NA NA NA NA
15 5.9 5.9 5.9 6.0 3.1 3.2 3.1 3.3 NA NA NA NA

Lifetime 14.3 14.0 14.2 14.0 12.2 12.1 12.2 12.4 NA NA NA NA

NA, not applicable.
CHD consists of myocardial infarction and angina pectoris.
Stroke consists of cerebral infarction, cerebral hemorrhage and subarachnoid hemorrhage.

PHARMACOECONOMICAL EVALUATION OF COMBINATION THERAPY FOR LIFETIME HYPERTENSION TREATMENT IN JAPAN
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who did not use the diuretic would undergo
biannual blood tests (5,600 yen/year).

Treatment costs of hypertension, CHD and
stroke were the same as those used in our previous
model.10 Annual medical costs for treatment of
diabetes and diabetic nephropathy were those
described by Ikeda et al.11

Cost-effectiveness analysis and
sensitivity analysis
We conducted the analyses according to their
gender and whether or not the patient had diabetes
and estimated the cumulative incidence rate of
CHD, stroke and diabetes. We calculated the
expected survival and expected costs in each of
the four treatment strategies.

As the primary objective of this study was to
provide physicians with useful data which could
be referred to in their daily practice, some of
the general rules of pharmacoeconomic analy-
sis were omitted. For instance, both costs and
expected life years were calculated with a 3%
discount,28 but both of them without discount
were used in the major results analysis. Further-
more, for the analysis of cost-effectiveness, costs
and expected life years were based on relative-
ness, and incremental cost-effectiveness ratios
were not considered.

In the sensitivity analysis, we calculated the
changes in expected survival and expected costs
after the values of the five parameters in the
ARB treatment in the cost-effectiveness analysis
(antihypertensive effect, discontinuation of treat-
ment, incidence of diabetes, inhibition of pro-
gression of diabetic nephropathy and drug price)
were changed in the range �10%. We also
conducted a sensitivity analysis of incidence of
hyperuricemia, a parameter related to diuretics
therapy, in the range 3–13%.

As concomitant diabetes has been demon-
strated to be a risk factor for CVD in several
studies,9,29 the following adjustments of risks for
Japanese patients with concomitant diabetes
were made in the sensitivity analysis. In the CHD
risk estimation, we assumed that the CHD risk
associated with concomitant diabetes was 2.02
times higher than that in patients without dia-
betes based on the results of a Japanese study
conducted by Iwashita et al.30 In the estimation
of stroke risk, we estimated the risk associated
with concomitant diabetes based on Suzuki’s
report on the relative risk of developing stroke in

patients with or without concomitant diabetes.31

Furthermore, sensitivity analysis was conducted
on the assumption that combination of ARB and
diuretic would successfully inhibit progression of
diabetic nephropathy.

Results

Cumulative incidence
Cumulative incidence of CHD, stroke and diabetes
every 5 years and throughout the lives of patients
based on the Markov model are shown in Table 3.
The incidence of CHD and stroke were similar
among all groups, but the incidence of diabetes in
initial ARB therapy (A�C group and A�D
group) was lower than that in the other groups.

Cost-effectiveness analysis
In the analysis of male patients without diabetes,
expected survival and expected costs/patient

Fig. 3
(A) Cost-effectiveness of antihypertensive drugs com-

bination therapy (male patients without diabetes);
(B) Cost-effectiveness of antihypertensive drugs therapy

(male patients with concomitant diabetes)

Saito I, Kobayashi M, Matsushita Y, et al.
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were, respectively, 25.48 years and 9.65 million
yen in A�C group, 25.41 years and 9.57 million
yen in C�A group, 25.47 years and 9.67 million
yen in A�D group, and 25.37 years and 9.44
million yen in D�A group (Fig. 3A). For male
patients with concomitant diabetes the estimated
values were, respectively, 24.81 years and 17.00
million yen in A�C group, 24.38 years and 19.52
million yen in C�A group, 24.71 years and 17.61
million yen in A�D group, and 24.28 years and
19.68 million yen in D�A group (Fig. 3B).

Among female patients without diabetes, ex-
pected survival and expected costs/patient were,
respectively, 31.26 years and 10.65 million yen
in A�C group, 31.13 years and 10.65 million yen
in C�A group, 31.24 years and 10.69 million yen

in A�D group, and 31.06 years and 10.52 million
yen in D�A group. For female patients with con-
comitant diabetes the values were, respectively,
29.91 years and 20.58 million yen in A�C group,
29.09 years and 23.90 million yen in C�A group,
29.73 years and 21.39 million yen in A�D group,
and 28.91 years and 24.11 million yen in D�A
group.

Expected survival was longer and expected
costs were higher in female patients compared
with their male counterparts; however, both male
and female patients showed similar tendency
regarding the analysis results of each combination
therapy regardless of concomitant diabetes.

When the 3% discount rate per year for the
expected survival and expected costs was applied,
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Fig. 4 The results of sensitivity analysis on the ARB-related parameters for male patients without concomitant
diabetes (A and B) and with diabetes (C and D)
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the results were as follows; the expected survival
of patients without diabetes was longest in
A�C group (male, 17.38 years; female, 20.06
years) and shortest in D�A group (17.33 years
and 19.97 years, respectively) regardless of gender.
The expected costs were highest in A�C group
(male, 5.59 million yen; female, 5.68 million yen)
and lowest in D�A group (5.21 million yen and
5.28 million yen, respectively). Among patients
with concomitant diabetes, the life expectancy
was longest in A�C group (male, 17.07 years;
female, 19.47 years) and shortest in D�A group
(16.81 years and 19.03 years, respectively)
regardless of gender. The expected costs were
highest in C�A group (male, 10.57 million yen;
female, 12.01 million yen) and lowest in A�C

group (9.41 million yen and 10.54 million yen,
respectively).

Sensitivity analysis
In Figs. 4A–D, the bars show changes in expected
survival and expected costs of male patients
without diabetes and those with concomitant
diabetes when the values of the five parameters
of ARB assumed in the cost-effectiveness analysis
were altered from �10% to �10%. When the
change in the antihypertensive effect of ARB in
the range 72.2–88.2% (80.2%�0.9 – 80.2%�1.1)
was examined, the expected survival and expected
cost changed by 0.004 year and 0.12 million yen,
respectively. (In this case, the proportion of
combination therapy was altered in the range
11.8–27.8%.)

The effect of changes in parameters was
smaller in patients without diabetes compared
with in those with diabetes, although the effect of
changes in parameters related to diabetes was
larger than changes of drug price on expected
cost (Figs. 4A and B). Inhibition of progression of
nephropathy had a large effect on the expected
costs and the expected survival with concomitant
diabetes: in the A�C group, its effect on
expected survival and costs were 0.24 year and
2.11 million yen, respectively (Figs. 4C and D).
The longer the length of the bar in the graph, the
greater the effect of the parameter on expected
survival and cost.

When we adjusted the incidence of CHD and
stroke with or without diabetes based on data
from Japanese reports,30,31 a slight change was
observed in the estimated incidence of CVD
events. Among patients with concomitant diabe-
tes, cumulative incidence of CHD and stroke in
the A�C group were 27.0% and 15.5% in males,
and 13.9% and 18.4% in females, respectively.
However, this did not influence the superiority of
the A�C group (data not shown).

Figures 5A and B show the results of analysis
of male patients with concomitant diabetes
assuming that the progression of diabetic nephr-
opathy was inhibited by combination therapy
with ARB and diuretic (Assumption 1). The
expected costs and survival in the A�C group
and A�D group became almost equal. The effect
of changes in these parameters was also smaller
in patients without diabetes (data not shown).
Even when the incidence of hyperuricemia, a
parameter related to diuretics treatment, was

Fig. 5 Sensitivity analysis of male patients with con-
comitant diabetes
(A) Expected survival; (B) Expected costs

The progression of diabetic nephropathy was inhibited by
combination therapy with ARB and diuretic (Assumption 1).
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changed by 3–13% in the sensitivity analysis,
hardly any change in expected costs was seen
(data not shown).

Discussion

According to data published in 2001, heart disease
and stroke are ranked the second and third
primary causes of death in Japan, respectively32;
prevention of these diseases is therefore an impor-
tant clinical issue. Annual medical expenses for
ischemic heart disease and stroke alone are 2.54
trillion yen (2001), which accounts for about
10.4% of the entire medical expenses for general
clinical practice.33 Prevention of CVD in hyper-
tensive patients by controlling blood pressure is
considered pharmacoeconomically important.

Drug cost/day of ARB is highest, followed by
calcium antagonists and diuretics. On the other
hand, the antihypertensive effect of these three
types of drugs does not seem significantly to
differ.16–18,34 Hence diuretics seem to be the best
choice of antihypertensive drug when only drug
price and antihypertensive effect are considered;
however, unlike calcium antagonists and ARB,
diuretics pose certain risks such as abnormal
glucose metabolism and hyperuricemia that
potentially entail costly treatment. Contrarily,
the organ-protective effects of ARB including
inhibition of progression of nephropathy have
been suggested in large-scale clinical studies,
thereby possibly reducing costs in patients taking
this therapy. Patient compliance is also an impor-
tant factor in evaluating the cost-effectiveness of
drug treatment. Favorable compliance has been
reported among patients using ARB, whereas
compliance in patients using diuretics is poor.19,35

In our previous report, olmesartan mono-
therapy suggested favorable cost-effectiveness
compared with other ARB monotherapy and
non-antihypertensive treatment.10 The present
analytic model was designed to reflect major fac-
tors that clinicians involved in antihypertensive
treatment may consider when prescribing drugs
and analyzed the cost-effectiveness and safety of
four treatment strategies. There was no large dif-
ference in cost-effectiveness among the patients
without diabetes. Therefore, for those patients,
appropriate combination therapy should be
chosen case by case based on their conditions as
diagnosed by each clinician. However, in patients
with concomitant diabetes cost-effectiveness was

noticeably high in the A�C group considering
both expected costs and expected survival,
suggesting that this treatment regimen is phar-
macoeconomically superior to the others tested.
Based on our sensitivity analysis of parameters
related to ARB therapy, progression of diabetic
nephropathy in hypertensive patients with con-
comitant diabetes had the greatest impact on
cost-effectiveness. The incidence of diabetes in
initial ARB therapy groups was lower than that
in the other groups and the effect of changes in
parameters related to diabetes was larger than
changes of drug price on expected cost even in
non-diabetic patients in the sensitivity analysis.
Thus the lack of difference in expected costs for
non-diabetic patients is probably due to the com-
parable medical costs of treatment of new-onset
diabetes and diabetic nephropathy in diuretics
treatment patients and drug cost of ARB treat-
ment patients. In ARB treatment patients with
concomitant diabetes, costs saved by the inhibi-
tory effect of ARB on the progression of diabetic
nephropathy exceeded the low price of the
diuretic.

It has been reported that the incidence of
stroke is higher than that of myocardial infarction
in Japan,36 This study included angina pectoris
in addition to myocardial infarction in the
estimation of the incidence of CHD, thus the
incidence of stroke was similar to that of CHD.

Whether the inhibitory effect of combination
therapy with ARB and diuretic on the incidence
of diabetes and progression of diabetic nephr-
opathy is similar to that of ARB alone and of
ARB plus calcium antagonist is unknown. We
assumed that the progression of diabetic nephr-
opathy would not be inhibited if a diuretic was
concomitantly used. We, however, conducted
sensitivity analyses assuming that combination
therapy with ARB and diuretic would show
inhibitory effects on the progression of diabetic
nephropathy. Even when the conditions were
altered, cost-effectiveness in A�C group patients
with concomitant diabetes was equivalent to the
A�D group or superior to D�A group.

There are certain limitations regarding the
structure of our model and establishment of
parameters. The first limitation lies in the risk
estimation equation. Regarding the incidence of
CHD, we adjusted the estimation equation for-
mulated based on the Framingham Study to
reflect Japanese patients, possibly lending the

PHARMACOECONOMICAL EVALUATION OF COMBINATION THERAPY FOR LIFETIME HYPERTENSION TREATMENT IN JAPAN



584 JMAJ, December 2005 — Vol. 48, No. 12

References

1. Collins R, MacMahon S. Blood pressure, antihypertensive drug
treatment and the risks of stroke and of coronary heart disease.
Br Med Bull. 1994;50:272–298.

2. Blood Pressure Lowering Treatment Trialists’ Collaboration.
Effects of different blood-pressure-lowering regimens on major
cardiovascular events: results of prospectively designed over-
views of randomised trials. Lancet. 2003;362:1527–1535.

3. Staessen JA, Wang JG, Thijs L. Cardiovascular prevention and
blood pressure reduction: a quantitative overview updated until 1
March 2003. J Hypertens. 2003;21:1055–1076.

4. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report
of the Joint National Committee on Prevention, Detection, Evalu-

ation, and Treatment of High Blood Pressure. The JNC 7 Report.
JAMA. 2003;289:2560–2572.

5. World Health Organization, International Society of Hypertension
Writing Group. 2003 World Health Organization (WHO)/Inter-
national Society of Hypertension (ISH) statement on management
of hypertension. J Hypertens. 2003;21:1983–1992.

6. Guidelines Committee. 2003 European Society of Hypertension/
European Society of Cardiology guidelines for the management
of arterial hypertension. J Hypertens. 2003;21:1011–1053.

7. Williams B, Poulter NR, Brown MJ, et al. British Hypertension
Society guidelines for hypertension management 2004 (BHS-IV):
Summary. Br Med J. 2004;328:634–640.

results certain bias. It will be necessary to im-
prove the analytic model based on findings in
clinical studies now being conducted in Japan37,38

in order to obtain more accurate estimations for
Japanese patients.

We also may have overestimated the transi-
tion probability of progression of diabetic neph-
ropathy, because the model was based on the
results of the Kumamoto study in which subjects
were treated with insulin.12

The second limitation is the fundamental
problem that exists in any mathematical model
analysis: prognosis models for hypertensive
patients do not necessarily include all the fac-
tors associated with antihypertensive treatment.
Azelnidipine has been reported to cause less
changes in heart rates compared with other cal-
cium antagonists39; however, the implications of
this was not taken into account in the present
study. Moreover, although long-acting calcium
antagonists and ACE inhibitors are reported to
have similar renoprotective effects in Japan,40–42

this was not considered since the renoprotective
effect of calcium antagonists is still controversial.43

We also did not consider the indirect costs and
utility because estimation was difficult, and this
was another limitation of our model. These fac-
tors should be considered in future analyses.

The third limitation is the issue of target blood
pressure and combination therapy. We assumed
that DBP would be controlled at 90 mmHg; how-
ever, various guidelines recommend a target DBP
of 80 mmHg in patients with concomitant diabe-
tes.4,6 If DBP is to be controlled at 80 mmHg,
combination therapies with more than two types
of antihypertensives are often needed. Pharma-
coeconomical analysis of combination therapies
with more than two types of antihypertensives
is a subject of future investigation. In addition,

there are many other kinds of combination thera-
pies, other than those discussed in this report,
e.g. ACE inhibitors and calcium antagonists.
Some studies report that ARB show better
blood pressure control and compliance than
ACE inhibitors17,19; therefore our future analyses
should involve comparison with another combi-
nation therapy. Furthermore, pharmacoecono-
mical analysis of control of SBP is needed in
future studies.

Lastly, six parameters were considered in this
study (effectiveness, discontinuation of treatment,
incidence of diabetes, inhibitory effect of ARB
on progression of diabetic nephropathy, inci-
dence of hyperuricemia associated with diuretic,
and drug price); there may be others that should
also be considered.

Conclusion

Although in hypertensive patients without diabe-
tes the difference in expected survival and costs
among the treatment strategies assessed is
small, the presence of concomitant diabetes in
hypertensive patients dramatically affects cost-
effectiveness. Our study suggests that among the
combination therapies with ARB, calcium an-
tagonist and diuretic, the most suitable combina-
tion for hypertensive patients with concomitant
diabetes is ARB plus additional calcium antago-
nist, from the pharmacoeconomic point of view.

Acknowledgements

This study was supported by a grant from Sankyo,
Japan. The authors thank Kaname Kawasugi for very
helpful discussions. The first author, the last author
and Crecon Research & Consulting Inc. have received
grants and/or research support from Sankyo. The
third author is employed by Sankyo.

Saito I, Kobayashi M, Matsushita Y, et al.



585JMAJ, December 2005 — Vol. 48, No. 12

8. Japanese Society of Hypertension Subcommittee for the
Management of Hypertension: Guidelines for the management
of hypertension for general practitioners. Hypertens Res. 2001;
24:613–634.

9. Verdecchia P, Reboldi G, Angeli F, et al. Adverse prognostic
significance of new diabetes in treated hypertensive subjects.
Hypertension. 2004;43:963–969.

10. Saito I, Kobayashi K, Saruta T. Economic analysis of antihyper-
tensive agents in treating patients with essential hypertension. J
Clin Therap Med. 2003;19:777–788. (in Japanese)

11. Ikeda S, Kobayashi M. Prediction of long-term prognosis for
diabetes patients. Development of risk simulation soft for costs-
effectiveness analysis. In: Bunshi Tounyoubyougaku no Shinpo
2003. Tokyo: Kanehara Shuppan; 2003:191–194. (in Japanese)

12. Shichiri M, Kishikawa H, Ohkubo Y, Wake N. Long-term results
of the Kumamoto Study on optimal diabetes control in type 2
diabetic patients. Diabetes Care. 2000;23(Suppl 2):B21–29.

13. Nakai S, Shinzato T. An overview of diabetic nephropathy dialysis
patients in Japan—Based on the results of annual survey of
Japanese Society for Dialysis Therapy. Jpn J Clin Dialysis.
2001;17:59–64. (in Japanese)

14. Anderson KM, Odell PM, Wilson PWF, Kannel WB. Cardio-
vascular disease risk profiles. Am Heart J. 1991;121:293–298.

15. WHO Monthly Database. Available at: http://www3.who.int/
whosis/menu.cfm?path=mort. Accessed 17 August 2004.

16. Yoshinaga K, Iimura O, Abe K, et al. A multicenter double-blind
comparison study of CS-905 (azelnidipine) with nitrendipine in
patients with essential hypertension. J Clin Therap Med. 2000;
16:671–739. (in Japanese)

17. Arakawa K, Shimamoto K, Abe K, et al. Parallel-group controlled
clinical study on CS-866 (olmesartan medoxomil), a novel
angiotensin II AT1 receptor antagonist, compared with enalapril
maleate in patients with mild-to-moderate essential hyper-
tension. Clin Therap Med. 2004;20:115–159. (in Japanese)

18. National Intervention Cooperative Study in Elderly Hyper-
tensives Study Group. Randomized double-blind comparison of
a calcium antagonist and a diuretic in elderly hypertensives.
Hypertension. 1999;34:1129–1133.

19. Conlin PR, Gerth WC, Fox J, Roehm JB, Boccuzzi SJ. Four-year
persistence patterns among patients initiating therapy with
the angiotensin II receptor antagonist losartan versus other
antihypertensive drug classes. Clin Ther. 2001;23:1999–2010.

20. Saito I, Saruta T. Effect of education through a periodic news-
letter on persistence with antihypertensive therapy. Hypertens
Res. 2003;26:159–162.

21. The ALLHAT Collaborative Research Group. Major outcomes in
high-risk hypertensive patients randomized to angiotensin-con-
verting enzyme inhibitor or calcium channel blocker vs diuretic.
The Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT). JAMA. 2002;288:2981–2997.

22. Julius S, Kjeldsen SE, Weber M, et al. Outcomes in hypertensive
patients at high cardiovascular risk treated with regimens based
on valsartan or amlodipine: the VALUE randomised trial. Lancet.
2004;363:2022–2031.

23. Heart Outcomes Prevention Evaluation (HOPE) Study Investiga-
tors. Effects of ramipril on cardiovascular and microvascular
outcomes in people with diabetes mellitus: results of the HOPE
study and MICRO-HOPE substudy. Lancet. 2000;355:253–259.

24. Parving HH, Lehnert HL, Mortensen JB, Gomis R, Andersen S,
Arner P. The effect of irbesartan on the development of diabetic
nephropathy in patients with type 2 diabetes. N Engl J Med.
2001;345:870–878.

25. Brenner BM, Cooper ME, Zeeuw DD, et al. for the RENAAL Study
Investigators. Effects of losartan on renal and cardiovascular
outcomes in patients with type 2 diabetes and nephropathy.

N Engl J Med. 2001;345:861–869.
26. Furukawa T, Kato T, Hayashi R. Efficacy and adverse drug

reaction of diuretics. Nippon Rinsho. 1974;32:2650-2658. (in
Japanese)

27. Hokenyaku Jiten. Tokyo: Yakugyo Jiho; Apr. 2004. (in Japanese)
28. Lipscomb J, Weinstein MC, Torrance GW. Time preference.

In: Gold MR, Seigel JE, Russell LB, Weinstein MC ed. Cost-
Effectiveness in Health and Medicine. New York: Oxford
University Press; 1996:214–246.

29. Tuomilehto J, Rastenyte D, Birkenhager WH, et al. Effects of
calcium-channel blockade in older patients with diabetes and
systolic hypertension. N Engl J Med. 1999;340:677–684.

30. Iwashita M, Matsushita Y, Sasaki J, Arakawa K, Kono S.
Relation of serum total cholesterol and other risk factors to risk
of coronary events in middle-aged and elderly Japanese men
with hypercholesterolemia. The Kyushu Lipid Intervention Study.
Circ J. 2004;68:405–409.

31. Suzuki K. The characteristics of stroke in Japan. Prev Gerontol.
2002;1:16–22. (in Japanese)

32. Statistics and Information Department, Minister’s Secretariat,
Ministry of Health, Labour and Welfare. Abridged Life Tables for
Japan. Tokyo: Health and Welfare Statistics Association; 2003.
(in Japanese)

33. Statistics and Information Department, Minister’s Secretariat,
Ministry of Health, Labour and Welfare. National Medical Care
Expenditure Estimates. Tokyo: Health and Welfare Statistics
Association; 2003. (in Japanese)

34. Chrysant SG, Marbury TC, Robinson TD. Antihypertensive
efficacy and safety of olmesartan medoxomil compared with
amlodipine for mild-to-moderate hypertension. J Hum Hypertens.
2003;17:425–432.

35. Kuwajima I, Kuramoto K, Ogihara T, et al. Tolerability and safety
of a calcium channel blocker in comparison with a diuretic in the
treatment of elderly patients with hypertension: secondary
analysis of the NICS-EH. Hypertens Res. 2001;24:475–480.

36. Kinjo K, Kimura Y, Shinzato Y, et al. An epidemiological analysis
of cardiovascular diseases in Okinawa, Japan. Hypertens Res.
1992;15:111–119.

37. Fujiwara T, Nishimura T, Ohkuko T, et al. Rationale and design
of HOMED-BP study: Hypertension objective treatment based
on measurement by electrical devices of blood pressure study.
Blood Press Monit. 2002;7:77–82.

38. Fukui T, Rahman M, Hayashi K, et al. Candesartan Antihyper-
tensive Survival Evaluation in Japan (CASE-J) trial of cardiovas-
cular events in high-risk hypertensive patients: rationale, design,
and methods. Hypertens Res. 2003;26:979–990.

39. Kuramoto K, Ichikawa S, Hirai A, Kanada S, Nakachi T, Ogihara
T. Azelnidipine and amlodipine: a comparison of their pharmaco-
kinetics and effects on ambulatory blood pressure. Hypertens
Res. 2003;26:201–208.

40. Baba S for the J-MIND Study Group. Nifedipine and enalapril
equally reduce the progression of nephropathy in hypertensive
type 2 diabetics. Diabetes Res Clin Pract. 2001;54:191–201.

41. Kumagai H, Hayashi K, Kumamaru H, Saruta T. Amlodipine is
comparable to angiotensin-converting enzyme inhibitor for
long-term renoprotection in hypertensive patients with renal
dysfunction: a one-year, prospective, randomized study. Am J
Hypertens. 2000;13:980–985.

42. Hayashi K, Kumagi H, Saruta T. Effect of efonidipine and
ACE inhibitor on proteinuria in human hypertension with renal
impairment. Am J Hypertens. 2003;16:116–122.

43. Lewis EJ, Hunsicker LG., Clarke WR, et al. Renoprotective effect
of the angiotensin-receptor antagonist irbesartan in patients with
nephropathy due to type 2 diabetes. N Engl J Med. 2001;345:
851–860.

PHARMACOECONOMICAL EVALUATION OF COMBINATION THERAPY FOR LIFETIME HYPERTENSION TREATMENT IN JAPAN


