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Comparison of combination therapies, including the
angiotensin receptor blocker olmesartan and either
a calcium channel blocker or a thiazide diuretic,
in elderly patients with hypertension

Johji Kato1, Naoto Yokota2, Noboru Tamaki2, Sumito Kariya2, Toshihiro Kita3, Takao Ayabe2,
Tanenao Eto4 and Kazuo Kitamura3

The blood pressure goals set for the treatment of hypertensive patients have been lowered in recent guidelines. To reduce

blood pressure levels sufficiently, combination therapies are often needed, but there is little evidence about which combination

should be chosen. The present study was carried out to compare the effects of combination therapies, including the angiotensin

receptor blocker olmesartan and either a calcium channel blocker (CCB) or a thiazide diuretic, in elderly patients with

hypertension. A total of 65 patients aged 65–85 years, with blood pressures of 140/90mmHg or higher for those taking

antihypertensive medication or 160/100mmHg or higher for those not on medication, were randomly assigned to either the

group treated with olmesartan plus a dihydropyridine CCB or the group treated with olmesartan plus a thiazide diuretic; 58

patients completed the treatment for 6 months. Systolic and diastolic blood pressures (SBP and DBP) were reduced during the

treatment period in both the groups. The reductions in SBP at 1 and 6 months were significantly (Po0.05) greater in the CCB

combination group than in the diuretic group (�29 vs. �18mmHg, respectively, at 1 month; �32 vs. �23mmHg, respectively,

at 6 months). Despite greater reduction in SBP in the CCB group, the serum creatinine level and the estimated glomerular

filtration rate (eGFR) remained unchanged, whereas in the diuretic group, creatinine was elevated (+0.06mg per 100ml,

Po0.05) and eGFR was reduced (�4.5mlmin�1 per 1.73m2). In addition, high-density lipoprotein cholesterol levels were

reduced in the diuretic group (�5.0mg per 100ml, Po0.01). These results suggest that olmesartan plus a CCB is the

preferable combination therapy in comparison with olmesartan plus a thiazide diuretic for elderly patients with hypertension.
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INTRODUCTION

The healthcare costs related to cardiovascular diseases are becoming a
substantial economic burden in developed countries, including Japan,
where the populations are aging. It has been shown by a number of
large-scale clinical trials that blood pressure reductions resulting from
the use of antihypertensive treatment lowers the incidence of cardi-
ovascular diseases.1,2 According to recent clinical studies, the lower the
blood pressure is, the better is the prognosis of hypertensive patients,
with diabetes or impaired renal function.3,4 In elderly patients
with hypertension, the target blood pressure level has been lowered
on the basis of clinical trials showing the benefits of antihypertensive
treatment in this population.1,5,6 To achieve these blood pressure
goals, combination therapy involving different classes of drug is
often necessary. For example, according to Bakris et al.,3 an average
of 3.2 antihypertensive medications are administered to sufficiently

control blood pressure in patients with diabetes or impaired renal
function. There is a significant amount of evidence that treating
hypertensive patients with renin–angiotensin system (RAS) inhibitors,
calcium channel blockers (CCB) or thiazide diuretics improves
their prognoses.1,2 In recently issued guidelines, antihypertensive
treatment with an RAS inhibitor and either a CCB or a diuretic is
recommended as a combination therapy.1,2 Indeed, these drug com-
binations have been used in clinical studies that have demonstrated
the benefits of RAS inhibitors;7–10 however, there is little information
available about which combination therapy is most effective for
elderly patients with hypertension. We carried out an open-label,
randomized two-arm study to compare two combination therapies,
including the angiotensin receptor blocker (ARB) olmesartan
and either a CCB or a thiazide diuretic in elderly Japanese patients
with hypertension.
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METHODS

Study subjects
We recruited elderly patients (aged 65–85 years) with essential hypertension

with blood pressure levels of 140/90mmHg or higher for those on antihyper-

tensive medication or 160/100mmHg or higher if they were not on medication

between October 2007 and March 2009. Patients were considered to be eligible

for this study if they had any of the following cardiovascular risk factors

or diseases: impaired glucose tolerance, diabetes, dyslipidemia, proteinuria,

left-ventricular hypertrophy, ischemic heart disease and stroke. The exclusion

criteria were secondary or malignant hypertension, cardiovascular events within

the last 6 months, heart failure of the New York Heart Association functional

class III or VI, atrial fibrillation or flutter, severe arrhythmia, liver dysfunction,

renal dysfunction with a serum creatinine level of 2.0mg per 100ml or higher

and life-threatening conditions such as malignant tumors. Patients were also

excluded if it was inappropriate to change their treatment to the study drugs or

if they had a history of serious side-effects related to the study drugs.

Study protocols
This was an open-label, randomized, two-arm clinical study and it was carried

out at 10 clinics affiliated with the University of Miyazaki Faculty of Medicine

(the MOTHER study group). This study was conducted in accordance with

the principles of the Declaration of Helsinki under the approval of the ethics

committee of the University of Miyazaki Faculty of Medicine. All subjects gave

their written informed consent before participating in this study. The data

center of the Department of Medicine of the University of Miyazaki randomly

assigned eligible patients to either the ARB/CCB group or the ARB/diuretic

group at a 1:1 ratio using gender as a grouping factor. In addition to the ARB

olmesartan, a dihydropyridine CCB, such as azelnidipine or amlodipine, or a

thiazide diuretic, such as indapamide or trichlormethiazide, was used, and the

initial doses of the drugs administered were determined on a case-by-case basis.

If the eligible patients were taking ARBs or angiotensin-converting enzyme

inhibitors, those drugs were replaced with the ARB olmesartan. There were

no restrictions on the concomitant use of drugs other than antihyper-

tensive agents. The target blood pressure during the treatment period was

o140/90mmHg in both treatment arms, whereas further targets were set by

the investigators when necessary. If the target blood pressure level was not

achieved, the dose of olmesartan, the CCB or the diuretic was increased, and

antihypertensive treatment was continued for 6 months.

Measurements
Blood pressure levels and pulse rates were measured at 1, 3 and 6 months after

randomization, and the laboratory tests were conducted before and after the

6-month treatment. The glomerular filtration rate was estimated (eGFR) from

the serum creatinine concentration using the following formula: 194�serum

creatinine�1.094�age�0.287 (further multiplied by 0.739 for women), according

to the guidelines of the Japanese Society of Nephrology.11 Plasma renin activity

and the aldosterone concentration were measured by radioimmunoassays as

previously described, and plasma brain natriuretic peptide was assessed using

an immunoradiometric assay.12,13

Statistical analysis
All data were analyzed with SPSS software version 18.0 (SPSS, Chicago, IL,

USA). Comparisons between the two groups were assessed using the unpaired

t-test or the w2-test, and comparisons between values before and after treatment

were made using the paired t-test. Analysis of variance followed by Scheffe’s test

was used for multiple comparisons. All data are expressed as means±s.d.

unless otherwise indicated, and P-values less than 0.05 were considered to be

significant.

RESULTS

The 65 hypertensive patients, who were eligible for this study, were
randomly assigned to combination therapy, including olmesartan and
either a CCB (n¼33) or a thiazide diuretic (n¼32). The antihyper-
tensive medicines prescribed before this study (n) were ARBs (30),
angiotensin-converting enzyme inhibitors (1), CCBs (19), diuretic (1)

and b-adrenergic blockers (3). Adverse events were reported for three
and five patients of the CCB and diuretic combination groups,
respectively. These events were sepsis, gout attack and cervical spon-
dylosis in the CCB group, and inappropriate reduction or elevation of
blood pressure, new onset of diabetes, bone fracture and positioning
vertigo in the diuretic group. Among the patients experiencing adverse
effects, three patients with sepsis and inappropriate reduction or
elevation of blood pressure dropped out, but the remaining five
completed the treatment protocol. Three patients stopped visiting
the doctors’ offices because of transferring residences and one patient
stopped visiting because of personal reasons. Therefore, 58 patients
completed the treatment protocol, and their basal profiles are listed in
Table 1; these profiles indicate that no significant differences between
the CCB and diuretic combination groups were noted with respect to
any of the parameters, including systolic and diastolic blood pressures
(SBP and DBP). At the end of the treatment period, no difference was
found with respect to the dose of olmesartan used between the two
groups: CCB: 22.1±7.7mg per day; and diuretic: 21.2±8.6mg per
day. The mean doses (mg per day) of CCB and diuretics used were as
follows (n): azelnidipine: 13.3±3.9 (15); amlodipine: 3.5±1.3 (13);
benidipine: 4 (1); trichlormethiazide: 1.47±0.51 (17); and indapa-
mide: 0.96±0.40 (12).
Figure 1 shows the time course of blood pressure and pulse, and the

reductions in blood pressure at 1, 3 and 6 months during the
treatment period. Both SBP and DBP were significantly reduced at
1 month, and blood pressure-lowering effects were seen throughout
the study period; no significant changes were noted for the pulse rate
(Figure 1a). There were no differences in SBP or DBP between
the CCB and diuretic combination groups, but as shown in
Figure 1b, the SBP reduction (DSBP) relative to the control level
observed in the CCB group was significantly greater than that in the
diuretic group after 1 and 6 months of treatment.
We compared the clinical and humoral parameters of the patients

before and after treatment for 6 months (Table 2). The total choles-
terol levels were reduced in both groups, whereas the high-density
lipoprotein cholesterol level was lowered by treatment with combina-
tion therapy, including a diuretic but not including a CCB. Neither the
serum potassium nor the uric acid level changed in either group, but
the serum creatinine level increased and eGFR decreased following
combination treatment with a diuretic. The urinary albumin/
creatinine ratios were substantially reduced in both groups; this
reduction was statistically significant in the diuretic group but not
in the CCB group. We found no significant difference in the Durinary
albumin/creatinine ratio between the two groups (39.7±40.2 vs.

Table 1 Basal profiles of the two combination therapy groups

Parameters

CCB

combination

Diuretic

combination P-value

Male/female (n) 17/12 19/10 0.394

Age (year) 72.6±6.1 73.3±5.9 0.648

Body mass index (kg m�2) 24.9±3.1 24.2±3.4 0.410

Systolic blood pressure (mmHg) 163±11 157±13 0.106

Diastolic blood pressure (mm Hg) 87±9 87±11 0.990

Serum creatinine (mg per 100 ml) 0.90±0.28 0.79±0.20 0.081

Anti-hypertensive medicines (%) 72 79 0.380

Prescription of RAS inhibitors (%) 41 55 0.215

Duration of hypertension (years) 8.0 (0–24) 6.6 (0–30) 0.327

Diabetes mellitus (%) 35 31 0.500

Abbreviations: CCB, calcium channel blocker; RAS, renin–angiotensin system.
Data are shown as the means±s.d. or the mean (range).
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24.7±7.9mgg�1; means±s.e.). Plasma renin activity rose, and the
aldosterone level was slightly reduced, but no differences were noted
between the two treatment groups. The plasma brain natriuretic
peptide levels remained unchanged.

DISCUSSION

CCBs and thiazide diuretics are recommended as suitable drugs for
combination with RAS inhibitors in recent guidelines for the treat-
ment of hypertension, including those of the European Society of
Hypertension and European Society of Cardiology (ESH-ESC 2007)
and the Japanese Society of Hypertension (JSH 2009).1,2 A number of
clinical studies have demonstrated the ability of CCBs to reduce the
incidence of cardiovascular events, although evidence for the efficacy
of combination therapy, including an RAS inhibitor and a CCB, is
limited.10 Meanwhile, many large-scale trials have been conducted to
examine the effects of ARB or angiotensin-converting enzyme inhibi-
tors in which a substantial number of patients were given diuretics as

part of a combination treatment.7–9 Theoretically, the combination of
an RAS inhibitor and a diuretic effectively lowers blood pressure
because the former suppresses the activation of the RAS caused by the
fluid volume reduction induced by the latter. For example, in the
PROGRESS trial, the combination of perindopril and indapamide
effectively reduced the recurrence of stroke, but monotherapy with
perindopril did not.7 The antihypertensive effects of combination
therapies, including diuretics are expected to be stronger in hyperten-
sive patients in Japan, where the average salt intake is higher than in
Western countries.14 However, in the present study, the standard
clinical doses of the CCB and diuretics were used, and the combina-
tion therapy, including a CCB was found to be better than that
including a diuretic in terms of blood pressure reduction.
RAS inhibitors have been shown to improve insulin resistance,

whereas diuretics are known to have unfavorable effects on the glucose
and lipid metabolism.1,2,15 In the present study, the total cholesterol
levels were reduced in both combination groups, but this result was
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Figure 1 The time courses of blood pressure and pulse (a) and the reductions in blood pressure (b) during the treatment period. Data are presented as

means±s.d. (a) or s.e. (b). **Po0.01 vs. values before treatment (a) and *Po0.05 vs. the diuretic group (b).

Table 2 Comparison of clinical parameters and humoral factors before and after 6 months of combination treatment

CCB combination Diuretic combination

Parameters Before 6 months Before 6 months

Total cholesterol (mg per 100 ml) 210±46 191±34* 222±38 203±34*

Triglycerides (mg per 100 ml) 120±62 113±64 114±55 126±65

HDL-cholesterol (mg per 100 ml) 49±13 51±13 54±12 49±12**

Fasting blood sugar (mg per 100 ml) 87±8 89±11 95±12 97±13

Serum potassium (mEq l�1) 4.07±0.46 4.09±0.34 4.11±0.44 4.18±0.32

Serum creatinine (mg per 100 ml) 0.90±0.28 0.87±0.23 0.79±0.20 0.85±0.25*

eGFR (ml min�1 per 1.73 m2) 60.2±13.8 62.0±14.1 68.5±14.3 64.0±14.5*

Urinary albumin/creatinine ratio (mg g�1) 83.3±220.2 43.6±67.5 41.0±52.4 16.3±26.3**

Serum uric acid (mg per 100 ml) 5.65±1.46 5.65±1.31 5.20±1.63 5.54±1.36

PRA (ngml�1 per h) 1.19±1.6 2.29±3.36* 1.21±0.66 2.42±2.50*

Plasma aldosterone (pgml�1) 92±49 72±34* 92±47 68±26*

BNP (pgml�1) 32.7±33.0 35.8±26.4 42.7±45.9 60.8±123.2

Abbreviations: BNP, brain natriuretic peptide; CCB, calcium channel blocker; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; PRA, plasma renin activity.
*Po0.05, **Po0.01, vs. values before combination treatment.
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attributed to the new prescription of statins because the differences
disappeared in the analysis with patients to whom no statins were
given or whose prescription remained unchanged during the study
period (data not shown). Meanwhile, irrespective of the prescription
of statins, the high-density lipoprotein cholesterol level was found to
be reduced by treatment with combination therapy that included a
diuretic, but not in therapy that included a CCB. The J-LIT study, a
large-scale cohort study of Japanese patients with hypercholesterole-
mia, showed a clear inverse relationship between high-density
lipoprotein cholesterol levels and the risks of coronary events or
cerebrovascular diseases.16,17 Therefore, it is assumed that a diuretic-
induced reduction in high-density lipoprotein cholesterol impairs the
beneficial effects of diuretics, which are exerted through lowering
the blood pressure, in Japanese patients with hypertension, but this
important issue needs to be addressed by future clinical studies.
Antihypertensive treatment with diuretics is often associated with

an increase in the serum creatinine level or a decrease in glomerular
filtration rate, probably because the reduced fluid volume results in
reduced renal blood flow.18 Similar patterns were detected in the
present study, although we were unable to specify the mechanism of
these changes, and the increase in the creatinine level and the decrease
in glomerular filtration rate occurred despite the smaller reduction in
blood pressure in the diuretic group. We need to compare the present
results with those of the GUARD and ACCOMPLISH trials.19–21

Angiotensin-converting enzyme inhibitors were used in both of
these studies, but the present findings are consistent with those of
the GUARD study in which the treatment of hypertensive patients
with type 2 diabetes was followed for 1 year. This study demonstrated
that the reduction in the eGFRs of patients given benazepril plus
hydrochlorothiazide (HCTZ) was greater than that observed in
patients treated with benazepril plus amlodipine.19 In the GUARD
study, urinary albumin secretion was reduced to a larger degree in the
HCTZ combination group than in the amlodipine group,19 whereas in
the present study, we observed decreased urinary albumin in both the
groups without a difference in the Durinary albumin. According to
the recently published ACCOMPLISH trial results, which examined
renal outcomes, doubling of the serum creatinine level and end-stage
renal disease were more frequent in hypertensive patients treated with
benazepril plus HCTZ than in those treated with benazepril plus
amlodipine.21 We may, therefore need to raise the possibility that the
effects of thiazide diuretics on renal function that were observed in the
present study and in the GUARD trial can partly be translated into the
hard end point of the progression of chronic kidney disease, including
end-stage renal disease.
As discussed above, diuretics are expected to be beneficial for

treating hypertensive patients in Japan. Recently, we reported the
results of a single-arm clinical study examining the effects of a fixed-
dose combination of 50mg losartan and 12.5mg HCTZ in Japanese
hypertensive patients, for whom RAS inhibitors had not sufficiently
lowered the blood pressure to achieve the goals recommended in the
JSH guidelines.1,5,22 In that study, the combination of losartan and
HCTZ was found to be effective for reducing blood pressure, and
the blood pressure goals were achieved in a substantial number
of patients.22 According to the CASE-J study, renal events are less
common in patients treated with candesartan than in those treated
with amlodipine, and a large number of the patients were given
diuretics in that study.23 Thus, the long-term outcome of renal
function following combination treatment, including an ARB and
either a CCB or a thiazide diuretic, needs to be evaluated by further
clinical trials, such as the COLM study, which examine the hard end
points of renal events.24

In conclusion, antihypertensive treatment with olmesartan plus a
dihydropyridine CCB was found to be a more favorable combination
in terms of blood pressure reduction and its effects on renal function
and lipid metabolism than a combination of olmesartan plus a
thiazide diuretic in elderly patients with hypertension.
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20 Jamerson K, Weber MA, Bakris GL, Dahlöf B, Pitt B, Shi V, Hester A, Gupte J, Gatlin M,
Velazquez EJ, for the ACCOMPLISH trial investigators. Benazepril plus amlodipine or
hydrochlorothiazide for hypertension in high-risk patients. N Engl J Med 2008; 359:
2417–2428.
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