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Combination therapy for hypertension in the elderly:
a sub-analysis of the Combination Therapy of
Hypertension to Prevent Cardiovascular Events
(COPE) Trial

Toshio Ogihara1,2, Masunori Matsuzaki3, Seiji Umemoto4, Hiromi Rakugi1, Hiroaki Matsuoka5,
Kazuyuki Shimada6, Jitsuo Higaki7, Sadayoshi Ito8, Akira Kamiya4, Hiromichi Suzuki9, Yasuo Ohashi10,
Kazuaki Shimamoto11 and Takao Saruta12, for the Combination Therapy of Hypertension to Prevent
Cardiovascular Events Trial Group

The Combination Therapy of Hypertension to Prevent Cardiovascular Events (COPE) trial demonstrated that the calcium-channel

blocker benidipine-based combination therapies with an angiotensin-receptor blocker (ARB), a b-blocker, or a thiazide diuretic

(thiazide) were similarly effective in preventing cardiovascular events and achieving the target blood pressure (BP; o140/

90mmHg). We further evaluated the efficacy and safety of these combination therapies in older (X65 years) and younger

(o65 years) hypertensive patients. In this sub-analysis of the COPE trial 3293 patients (1533X65 years old and 1760 o65

years old) were randomly assigned to receive benidipine-based therapy with an ARB, a b-blocker or a thiazide. In each group, the

average BP did not differ among the three treatment groups. The incidence of the primary cardiovascular composite end point in

the older group was higher than in the younger group (12.7 vs. 8.3 per 1000 person-years, P¼0.023). The primary composite

cardiovascular end point, achievement (%) of target BP, and cardiovascular hard composite end points were similar among the

three treatment groups. However, the hazard ratios and 95% confidence intervals in older patients were 2.74 (1.08–6.96;

b-blocker vs. thiazide, P¼0.022) for fatal and non-fatal stroke, and 2.47 (1.03–5.91; b-blocker vs. ARB, P¼0.043) for new-

onset diabetes. Thus, benidipine combined with an ARB, a b-blocker, or a thiazide was similarly effective in preventing

cardiovascular events and achieving the target BP in both older and younger hypertensive patients. Further studies will be

necessary to evaluate the usefulness of benidipine combined with a b-blocker in terms of the incidence of stroke and new-onset

diabetes in older patients.
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INTRODUCTION

It is well established that antihypertensive treatment reduces cardio-
vascular morbidity and mortality even in elderly patients with
hypertension.1–3 Recently, the Hypertension in the Very Elderly Trial
(HYVET) documented the efficacy of antihypertensive therapy to
reduce cardiovascular mortality in hypertensive patients aged X80.4

Many guidelines for management of hypertension, including the
Japanese Society guideline, recommend tight blood pressure (BP)
control to o140/90 mm Hg.1–3

It is well-known that the majority of hypertensive patients will
require at least two antihypertensive drugs to reach the target BP.1–3

Benidipine is a potent and long-acting dihydropyridine calcium-
channel blocker (CCB), which inhibits not only L-type and N-type
calcium channels but also T-type calcium channels, and regulates the
constriction and dilation of renal efferent arterioles.5 The Combina-
tion Therapy of Hypertension to Prevent Cardiovascular Events
(COPE) trial is a prospective, randomized, open-label, blinded-end-
point (PROBE) study to determine the optimal combination of CCB
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benidipine-based therapy for hypertension,6,7 and the main results
have demonstrated that the percentage of subjects achieving the target
BP and the incidence of primary composite cardiovascular end points
were similar among benidipine-thiazide diuretic (thiazide), benidi-
pine–angiotensin-receptor blocker (ARB) and benidipine–b-blocker
subgroups. However, second analyses suggested that benidipine com-
bined with a b-blocker appeared to be less beneficial in reducing the
risk of stroke compared with the benidipine-thiazide combination,
and was associated with an increased incidence of new-onset diabetes
compared with the benidipine-ARB combination.

It remains unknown which combination therapy is valuable for
achieving the target BP and preventing the occurrence of cardiovas-
cular events during treatment for hypertension in the elderly, although
tight BP control to o140/90 mm Hg is recommended for the elderly.1–3

Thus, in this sub-analysis of the COPE trial, we aimed to determine
which combination was useful to achieve the target BP and prevent the
occurrence of cardiovascular events in hypertensive patients X65
years old.

METHODS

Study design, setting and participants
The COPE trial was an investigator-initiated multi-center study with PROBE

design that compared cardiovascular effects and achievement of target BP

(o140/90 mm Hg) with three dihydropyridine CCB benidipine-based regi-

mens (ARB, b-blocker or thiazide) in 3501 hypertensive patients who did not

achieve the target BP with benidipine 4 mg per day. 6,7

The rationale and design, trial management, and the main results of the

COPE trial have already been reported.6,7 In brief, participants with a sitting

systolic BP of X140 mm Hg or a diastolic BP of X90 mm Hg, or both if

untreated, or whatever the treatment, were men and women aged 40–85 years

who did not achieve the target BP (o140/90 mm Hg) with a sitting position at

clinic with monotherapy of benidipine 4 mg per day in the run-in phase (4–8

weeks). These patients were randomly assigned to receive benidipine combined

with an ARB, a b-blocker or a thiazide. After the randomization, all patients

were followed-up for at least 3 years until the trial was terminated. The BP

management titration algorithm, together with other details on the study

design, were as described previously.6,7 At each follow-up visit, we obtained

information about any suspected composite end point or adverse event. The

median follow-up was 3.6 years.7

Outcome measures
A pre-specified post-hoc analysis was made to compare the cardiovascular

effects of benidipine-based combination regimens (benidipine-ARB vs. beni-

dipine-b-blocker vs. benidipine-thiazide) in older (X65 years old) and younger

patients (o65 years old). The evaluated end points were consistent with the

original trial design and included the primary and secondary end points of the

COPE trial:6 co-primary end points; composite of cardiovascular morbidity

and mortality (sudden death, fatal or non-fatal stroke, fatal or non-fatal

myocardial infarction, hospitalization due to unstable angina, new onset of

heart failure (New York Heart Association class II–IV), new onset or worsening

of peripheral arterial disease, and renal events defined as serum creatinine level

doubled to over 2 mg dL–1, serum creatinine X4.0 mg dL–1, or renal dialysis),

and achievement of target BP (o140/90 mm Hg); and secondary end points:

all-cause mortality, hard composite cardiovascular events (cardiovascular death,

non-fatal myocardial infarction and non-fatal stroke excluding transient

ischemic attack), new onset of diabetes and adverse events.

Statistical methods
In total, 3293 patients (1110, benidipine-ARB; 1089, benidipine-b-blocker; and

1094, benidipine-thiazide) who were prescribed a combination treatment were

compared in the two groups with full-set analysis to specifically evaluate

benidipine-based combination therapy for elderly hypertension in the COPE

trial.7 Patient characteristics were reported as mean±s.d. or percentage.

Continuous variables were compared with Student’s t tests or one-way analysis

of variance, as appropriate. Categorical variables were compared with w2 test. In

one of the primary analyses, the proportion of patients who achieved the target

BP was compared using w2 test between the treatment groups. Survival curves

were generated by the Kaplan–Meier method for the primary cardiovascular

composite end point and secondary end points among three treatment groups.

Survival curves were compared using log-rank test. Confidence intervals (CIs)

were calculated using Cox proportional hazards model. The proportion of

patients who reported adverse events was also compared using w2 test. All data

were analyzed using SAS System Release 9.1 (SAS Institute, Cary, NC, USA). All

reported P values are two-sided.

RESULTS

Demographic and baseline patient characteristics of the COPE trial are
shown in Table 1. Among the 3293 patients in the COPE trial, 1533
patients (46.6%) were X65 years old and 1760 patients (53.4%) were
o65 years old. In both age groups, baseline characteristics were well
matched among those randomized to the three regimens.

At baseline, the mean age of the older group was 72.6 years and the
younger group was 54.7 years. Systolic BP in the older group was
higher at baseline (mean: 155±11 mm Hg in the older group and
153±12 mm Hg in the younger group), the older group had lower
diastolic BP (85±9 vs. 92±9 mm Hg) and hence wider pulse pres-
sures. The older group had higher rates of previous cardiovascular
disease (18.3 vs. 7.1%), which were mainly stroke (4.4% vs. 1.0%) and
angina pectoris (4.8% vs. 1.1%); had higher rate of prescription of
antihypertensive agents (84.5% vs. 76.0%); had higher rate of diabetes
(16.6% vs. 12.1%) and dyslipidemia (43.1% vs. 36.6%); reported
taking more prophylactic antiplatelet agents (12.0% vs. 3.9%), statin
as lipid-lowering agents (21.7% vs. 12.4%), and antidiabetic agents
(8.9% vs. 5.6%), than those o65 years. Younger patients had slightly
higher body-mass index (25.0±3.5 vs. 24.0±3.2 kg m–2) and were
more likely to be current smokers (46.8% vs. 31.2%) than those aged
X65 years.

Blood pressure
The reduction in BP from baseline was similar among the three
treatment groups in both age groups over the course of the trial. At the
end of the treatment phase, mean average BP in the younger group
and older group was 134±15/80±10 mm Hg and 135±15/
74±10 mm Hg, respectively. Table 2 shows means of BP at the end
of the treatment phase and proportion of patients achieving target BP
among patients aged X65 years and patients aged o65 years.
Diastolic BP in the older group was significantly lower than that in
the younger group, whereas systolic BP did not differ between the two
age groups. Average BP did not differ among the three treatment
groups in each age group (Table 2). At the end of treatment, the
percentage of patients who achieved the target BP did not differ
among the three treatment groups in each age group nor between the
two age groups.

Cardiovascular outcomes
Table 3 shows the incidence of primary cardiovascular composite
end point and secondary end points in the benidipine-ARB, beni-
dipine-b-blocker, and benidipine-thiazide groups, respectively. The
incidence of primary cardiovascular composite end point in the
older group was higher than in the younger group (12.7 vs. 8.3 per
1000 person-years).

Figure 1 shows the survival curves for time to first primary
cardiovascular composite end points in the younger and older groups.
Although compared with the benidipine-thiazide group, the hazard
ratio was higher in the benidipine-ARB and benidipine-b-blocker
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groups of the younger group, and compared with the benidipine-
thiazide or ARB groups, the hazard ratio was higher in the benidipine-
b-blocker group of the older group, the difference in the incidence of
the primary cardiovascular composite end point among the three
treatment groups did not reach statistical significance.

As for secondary end points (Table 3), the incidence of cardiovas-
cular hard composite end points was higher in the older group than in
the younger group (7.5 vs. 4.3 per 1000 person-years). As shown in
Figure 2, although compared with the benidipine-thiazide group, the
hazard ratio was higher in the benidipine-ARB and benidipine-b-
blocker groups of the younger group, the incidence of the cardiovas-
cular hard composite end points did not differ among the three
treatment groups of the younger and older groups, respectively.
Figure 3 shows the survival curves for time to first fatal and non-
fatal strokes in the two age groups. The hazard ratio of fatal and non-
fatal strokes was significantly higher in the benidipine-b-blocker group
than in the benidipine-thiazide group of the older group, whereas it

did not differ among the three treatment groups of the younger group
(Figure 3), although the incidence of fatal and non-fatal stroke was not
different between the younger and older groups (Table 3). The
incidence of all-cause mortality was higher in the older group than
in the younger group (10.1 vs. 2.4 per 1000 person-years) as shown in
Table 3, whereas the incidence of all-cause mortality was not different
among the three treatment groups of the two age groups (Figure 2). In
addition, compared with the benidipine-ARB group, the hazard ratio
of the incidence of new-onset diabetes was significantly higher in the
benidipine-b-blocker group of only the older group, whereas it did
not differ among the three treatment groups of the younger group
(Figure 2), although the incidence of new-onset diabetes was not
different between the two age groups.

Safety
Table 4 shows the adverse events reported in the COPE trial. Overall,
older patients reported more adverse events than younger patients.

Table 1 Demographic and baseline characteristics of the study patients

Patients o65 years old Patients X65 years old

Benidipine

plus ARB

(n¼612)

Benidipine

plus BB

(n¼555)

Benidipine

plus TD

(n¼593) P valuea

Benidipine

plus ARB

(n¼498)

Benidipine

plus BB

(n¼534)

Benidipine

plus TD

(n¼501) P valuea

Patients o65 years old

vs. X65 years old

P valueb

Demographic

Sex, male (%) 349 (57.0) 316 (56.9) 341 (57.5) 0.978 217 (43.6) 234 (43.8) 212 (42.3) 0.874 o0.001

Age, years 55.0±6.5 54.3±6.7 54.9±6.4 0.200 72.8±5.2 72.3±5.3 72.8±5.4 0.235 o0.001

Baseline characteristics

Body-mass index, kgm–2 25.2±3.5 25.1±3.5 24.8±3.4 0.141 24.0±3.1 24.0±3.2 23.9±3.3 0.866 o0.001

Systolic BP, mmHg 153±12 153±11 153±12 0.948 155±11 155±11 155±12 0.437 o0.001

Diastolic BP, mmHg 92±9 92±9 92±9 0.982 85±9 85±9 85±10 0.688 o0.001

Heart rate, beats min–1 74±11 74±11 74±12 0.622 75±11 74±11 74±11 0.905 0.312

Risk factors

Previous cardiovascular disease 44 (7.2) 38 (6.8) 43 (7.3) 0.960 100 (20.1) 86 (16.1) 94 (18.8) 0.240 o0.001

Stroke 6 (1.0) 4 (0.7) 8 (1.3) 0.567 29 (5.8) 21 (3.9) 18 (3.6) 0.181 o0.001

Angina pectoris 8 (1.3) 6 (1.1) 6 (1.0) 0.880 28 (5.6) 23 (4.3) 23 (4.6) 0.588 o0.001

Myocardial infarction 5 (0.8) 2 (0.4) 0 (0.0) 0.078 5 (1.0) 4 (0.7) 6 (1.2) 0.763 o0.05

Arrhythmia 12 (2.0) 12 (2.2) 8 (1.3) 0.558 18 (3.6) 21 (3.9) 18 (3.6) 0.949 o0.001

Diabetes 72 (11.8) 67 (12.1) 74 (12.5) 0.930 82 (16.5) 88 (16.5) 84 (16.8) 0.990 o0.001

Dyslipidemia 215 (35.1) 195 (35.1) 235 (39.6) 0.181 214 (43.0) 228 (42.7) 219 (43.7) 0.944 o0.001

Current smoking 284 (46.4) 268 (48.3) 271 (45.7) 0.664 152 (30.5) 163 (30.5) 164 (32.7) 0.681 o0.001

Previous medication

Antihypertensive agents 473 (77.3) 417 (75.1) 447 (75.4) 0.635 418 (83.9) 452 (84.6) 425 (84.8) 0.918 o0.001

Benidipine 383 (62.5) 350 (63.1) 367 (61.9) 0.918 315 (63.3) 344 (64.4) 324 (64.7) 0.883 0.335

Other CCBs 55 (9.0) 40 (7.2) 56 (9.4) 0.363 74 (14.9) 75 (14.0) 64 (12.8) 0.630 o0.001

ARBs 49 (8.0) 40 (7.2) 39 (6.6) 0.632 54 (10.8) 63 (11.8) 59 (11.8) 0.863 o0.001

ACE inhibitors 13 (2.1) 9 (1.6) 4 (0.7) 0.107 7 (1.4) 14 (2.6) 10 (2.0) 0.382 0.232

BBs 11 (1.8) 15 (2.7) 20 (3.4) 0.228 15 (3.0) 23 (4.3) 15 (3.0) 0.412 0.157

Diuretics 6 (1.0) 3 (0.5) 3 (0.5) 0.538 6 (1.2) 5 (0.9) 10 (2.0) 0.317 o0.05

Concomitant medication

Antiplatelet agents 31 (5.1) 17 (3.1) 21 (3.5) 0.179 68 (13.7) 57 (10.7) 59 (11.8) 0.332 o0.001

Statins 74 (12.1) 69 (12.4) 76 (12.8) 0.930 115 (23.1) 116 (21.7) 102 (20.4) 0.578 o0.001

Antidiabetic agents 34 (5.6) 31 (5.6) 34 (5.7) 0.990 43 (8.6) 49 (9.2) 45 (9.0) 0.954 o0.001

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BB, b-blocker; BP, blood pressure; CCB, calcium channel blocker; TD, thiazide diuretic.
Data are shown as number of patients (%) or mean±s.d.
aDifferences in proportions among the three groups were analyzed using w2 test and in means among the three groups were analyzed using one-way analysis of variance.
bDifferences in proportions between patients o65 years old and patients X65 years old were compared using w2 test and in means between the two groups were compared using Student’s t tests.
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Hyperuricemia, hyperkalemia and vertigo were more frequent in older
patients than in younger patients. Furthermore, among both the older
and younger groups, hyperuricemia and hypokalemia were more
frequently reported in the benidipine-thiazide group. On the other
hand, bradycardia was more frequent in the benidipine-b-blocker
group compared with the other benidipine-based combinations in
both older and younger patients. Alanine aminotranferase increase
was more frequently reported in the benidipine-thiazide group than in
the other treatment groups and only in younger patients. Hyperkale-
mia was more frequent only in the benidipine-ARB group of the older
group. There were no significant differences among the three benidi-

pine-based regimens concerning serious adverse events either in older
or younger patients (Supplementary data).

DISCUSSION

Aging is associated with a progressive increase in aortic stiffness, and
the majority of elderly people have isolated systolic hypertension.8

This was consistently observed in patients X65 years old in the COPE
trial. The main effect of CCBs is dilatation of coronary and peripheral
arteries, indicating that CCBs are well suited for elderly patients whose
hypertensive profile is potentially multiple organ damage, and are well
tolerated by the elderly.9,10

Table 2 Effects of treatment on mean systolic and diastolic BP and proportions of target BP at the end of the treatment phase in patients at

least 65 years old and patients below 65 years old

Patients o65 years old Patients X65 years old

Benidipine

plus ARB

Benidipine

plus BB

Benidipine

plus TD

Benidipine

plus ARB

Benidipine

plus BB

Benidipine

plus TD

Patients o65 years old

vs. X65 years old

(n¼612) (n¼555) (n¼593) P valuea (n¼498) (n¼534) (n¼501) P valuea P valueb

Systolic BP 134±15 133±15 134±14 0.629 135±16 134±15 134±15 0.391 0.243

Diastolic BP 80±10 80±10 80±10 0.885 74±10 74±10 73±10 0.447 o0.001

Proportions of patients achieving target BP 63.1 66.6 64.3 0.526 65.4 67.1 67.8 0.738 0.232

Abbreviations: ARB, angiotensin receptor blocker; BB, b-blocker; BP, blood pressure; TD, thiazide diuretic.
Data of the proportions of target blood pressure are shown as percentage of patients (%) or mean±SD. Target BP of the COPE trial: o140/90 mmHg.
aDifferences in proportions among the three treatment groups were analyzed using w2 test and in means among the three treatment groups were analyzed using one-way analysis of variance.
bDifferences in proportions between patients o65 years old and patients X65 years old were compared using w2 test and in means between the two age groups were compared using Student’s t
tests.

Table 3 Incidence of primary and secondary end points among patients at least 65 years old and patients below 65 years old

Patients o65 years old Patients X65 years old

Benidipine

plus ARB

Benidipine

plus BB

Benidipine

plus TD

Benidipine

plus ARB

Benidipine

plus BB

Benidipine

plus TD

Patients o65 years old

vs. X65 years old

(n¼612) (n¼555) (n¼593) P valuea (n¼498) (n¼534) (n¼501) P valuea P valuea

Primary end points

Incidence number 20 19 13 21 29 19

Per 1000 person-years 9.2 9.8 6.2 0.399 11.8 15.6 10.6 0.374 0.023

Secondary end points

Cardiovascular hard composite end points

Incidence number 12 11 4 13 18 10

Per 1000 person-years 5.4 5.6 1.9 0.115 7.3 9.6 5.5 0.358 0.025

Fatal and non-fatal stroke

Incidence number 8 10 6 9 17 6

Per 1000 person-years 3.6 5.1 2.8 0.492 5.0 9.0 3.3 0.064 0.119

All-cause mortality

Incidence number 5 2 8 20 21 15

Per 1000 person-years 2.2 1.0 3.7 0.195 11.1 11.0 8.2 0.611 o0.001

New-onset diabetes

Incidence number 14 19 17 7 18 15

Per 1000 person-years 6.4 9.8 8.1 0.464 3.9 9.6 8.4 0.106 0.651

Abbreviations: ARB, angiotensin receptor blocker; BB, b-blocker; CI, confidence interval; TD, thiazide diuretic.
Parenthesis indicates number of patients.
aDifferences in the incidence of primary and secondary cardiovascular events, all-cause mortality and new-onset diabetes among the three groups and between patients o65 years old and patients
X65 years old were compared using Log-rank test.
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Figure 1 Kaplan–Meier curves for time to first primary cardiovascular composite end point in the two age groups and three treatment groups. ARB,

angiotensin receptor blocker; BB, b-blocker; CI, confidence interval; TD, thiazide diuretic.
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Figure 2 Hazard ratios for primary cardiovascular composite end point and secondary end points: cardiovascular hard end points, fatal and non-fatal stroke,

all-cause mortality and new-onset diabetes in the two age groups and three treatment groups. Cardiovascular hard composite end points consist of
cardiovascular death, fatal or non-fatal myocardial infarction, and stroke excluding transient ischemic attack. ARB, angiotensin receptor blocker; BB, b-

blocker; CI, confidence interval; TD, thiazide diuretic.
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The Japanese Trial to Assess Optimal Systolic Blood Pressure in
Elderly Hypertensive Patients (JATOS) compared the 2-year effect of
strict treatment to maintain systolic BP o140 mm Hg with that of
mild treatment to maintain systolic BP o160 but X140 mm Hg in
elderly hypertensive patients with a long-acting CCB, efonidipine
hydrochloride.11 This study demonstrated that the incidence of the
primary combined end point (the incidence of cardiovascular disease
and renal failure) was similar in the two groups, suggesting that
complex clinical features were associated with aging.11 The Japan’s
Benidipine Research on Antihypertensive Effects in the Elderly (J-
BRAVE), which was an observational study of benidipine-based
treatment in hypertensive patients X65 years old, showed that on-
treatment, systolic BP X160 mm Hg was associated with a higher
incidence of cardiovascular events,12 suggesting that even in older
hypertensive patients, systolic BP should be lower than at least
160 mm Hg.13 In the COPE trial, the percentage of patients who
achieved the target BP was higher than in the J-BRAVE study, and the

incidence of cardiovascular events was lower, indicating that especially
in older hypertensive patients, strict BP control is necessary to reduce
cardiovascular events.

Most elderly persons will need more than two drugs to control their
hypertension.14 The Japanese Society of Hypertension Guidelines
for the Management of Hypertension (JSH 2009) recommend to
introduce combination therapy as the initial treatment for grade II
(X160/100 mm Hg) hypertension.2 And the 2009 Updated European
Society of Hypertension (ESH) guidelines also state that if BP is 420/
10 mm Hg above o140/90 mm Hg, consideration should be given
for starting with two drugs.15 The JSH 2009 guidelines recommend
the addition of diuretics, ARB, angiotensin-converting enzyme
inhibitor, and b-blockers to CCB for hypertensive patients; besides
CCB combined with ARB, angiotensin-converting enzyme inhibitor
or diuretics, and diuretics combined with ARB or angiotensin-con-
verting enzyme inhibitor are recommended as combination therapy
for elderly hypertension.2 In addition, the American Society of
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Figure 3 Kaplan–Meier curves for time to first fatal and non-fatal stroke in the two age groups and three treatment groups. ARB, angiotensin receptor

blocker; BB, b-blocker; CI, confidence interval; TD, thiazide diuretic.

Table 4 Adverse events

Patients o65 years old (n¼1760) Patients X 65 years old (n¼1533)

Benidipine

plus ARB

Benidipine

plus BB

Benidipine

plus TD

Benidipine

plus ARB

Benidipine

plus BB

Benidipine

plus TD

Patients o65 years old

vs. X65 years old

(n¼612) (n¼555) (n¼593) P value Total (n¼498) (n¼534) (n¼501) P value Total P value

Common adverse events in the COPE triala

Hyperuricemia 15 (2.5) 13 (2.3) 53 (8.9) o0.001 81 (4.6) 8 (1.6) 9 (1.7) 26 (5.2) o0.001 43 (2.8) 0.007

Hypokalemia 1 (0.2) 1 (0.2) 14 (2.4) o0.001 16 (0.9) 7 (1.4) 2 (0.4) 15 (3.0) 0.003 24 (1.6) 0.086

Hyperkalemia 3 (0.5) 3 (0.5) 1 (0.2) 0.548 7 (0.4) 10 (2.0) 4 (0.7) 2 (0.4) 0.031 16 (1.0) 0.026

Blood creatinine increased 5 (0.8) 2 (0.4) 8 (1.3) 0.189 15 (0.9) 4 (0.8) 4 (0.7) 11 (2.2) 0.062 19 (1.2) 0.273

ALT increased 17 (2.8) 9 (1.6) 28 (4.7) 0.008 54 (3.1) 15 (3.0) 6 (1.1) 10 (2.0) 0.098 31 (2.0) 0.059

Vertigo 4 (0.7) 3 (0.5) 7 (1.2) 0.422 14 (0.8) 2 (0.4) 17 (3.2) 10 (2.0) 0.005 29 (1.9) 0.006

Bradycardia 3 (0.5) 21 (3.8) 1 (0.2) o0.001 25 (1.4) 0 (0.0) 27 (5.1) 0 (0.0) o0.001 27 (1.8) 0.434

Overall 261 (42.6) 231 (41.6) 267 (45.0) 0.486 759 (43.1) 244 (49.0) 264 (49.4) 255 (50.9) 0.820 763 (49.8) o0.001

Abbreviations: ARB, angiotensin receptor blocker; ALT, alanine aminotransferase; BB, b-blocker; TD, thiazide diuretic.
Data are shown as number of patients (%).
aAdverse events shown in the Table were previously reported.7
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Hypertension (ASH) has listed CCB with ARB as the preferred
combination therapy, and CCB with diuretics as an acceptable
combination therapy.16 These recommended combinations are
expected to increase antihypertensive efficacy and to reduce adverse
events; however, these are not proved by outcome studies. The
findings of the COPE trial showed that benidipine-based thiazide,
ARB and b-blocker therapy are equally effective in preventing the
cardiovascular events in both older (X65 years old) and younger
patients (o65 years old).

Isolated systolic hypertension is an important component of BP-
related stroke risk.17 A meta-analysis demonstrated that preventive
effects against coronary heart disease were similar in different
class-drugs, whereas b-blockers were worse in preventing stroke
than the other classes of antihypertensive drugs including CCBs.18

Furthermore, a recent study has shown that interindividual variation
in systolic BP was significantly reduced by CCBs and non-loop
diuretic drugs, but significantly increased by angiotensin-converting
enzyme inhibitors, ARB and b-blockers; thus, the difference in the
reduction of the risk of stroke was independent of the effects on mean
systolic BP.19 These results may support the results of the COPE trial,
which demonstrated that the benidipine-thiazide combination
reduced the risk of stroke more effectively than the benidipine-b-
blocker regimen in hypertensive patients, particularly those who were
X65 years old.

Although the strength of the association between BP level and
stroke decreased with age, the benefit of antihypertensive treatment
might be important concerning the risk of stroke in the elderly.20

However, the benefit of BP reduction regarding the risk of stroke was
demonstrated in elderly patients treated for hypertension with thia-
zide-based therapy.4,21–26 Furthermore, late elderly hypertensive
patients (X80 years old) showed a 30% reduction of the risk of
stroke in association with the reduction of all-cause mortality during
indapamide-based treatment.4 It is also reported that CCBs favor the
prevention of stroke compared with regimens based on diuretics or b-
blockers.27,28 In addition, the risk of stroke decreases in relation to BP
reduction rather than to a specific class of drugs.29,30 Furthermore, a
meta-analysis showed no difference between younger (o65 years old)
and older patients (X65 years old) in protection against major
vascular events provided by major drug classes.30 In the COPE trial,
we observed a greater effect regarding the prevention of stroke in the
benidipine-thiazide group as compared with the b-blocker group of
the older group despite a similar reduction in BP among the three
treatment groups. These results indicated that the benidipine-thiazide
combination may be beneficial in patients X65 years old, and these
results together with those of the COPE trial may support the
recommendation of the JSH2009 guidelines for the treatment of
hypertension in the elderly.2

Study limitations
First, we adopted the PROBE design, so that non-blinded treatment
allocation could have influenced the attitude of patients and investi-
gators toward compliance with the study medications or staying in the
study. Second, because the sample size of this sub-analysis was
relatively small, the optimal combination therapy for elderly hyper-
tensive patients should be investigated in a future trial. Third, we
randomly assigned one of the three classes of antihypertensive agents
without any restriction regarding the drugs in each class. Although
there were no significant differences in event rates among the three
treatment groups between older and younger hypertensive patients, we
cannot deduce that the present results were caused by drug class
effects, especially in the case of b-blockers. Finally, due to the inherent

limitations of any study such as this trial, the finding that a CCB
combined with a b-blocker was inferior in terms of incidence of stroke
and new-onset diabetes in hypertensive patients X65 years old should
be confirmed or refuted by future studies.

In conclusion, CCB combined with an ARB, a b-blocker or a
thiazide diuretic was similarly effective regarding prevention of cardi-
ovascular events and achievement of the target BP in hypertensive
patients o65 years old and those X65 years old who did not reach the
target BP with 4 mg per day of benidipine. However, the incidence of
fatal and non-fatal stroke was significantly higher, and new-onset
diabetes was found more frequently in patients treated with CCB and
a b-blocker than in those treated with the other combinations,
especially in hypertensive patients X65 years. On the basis of the
results of this sub-analysis, it is possible to conclude that CCB
combined with diuretics or an ARB is a useful treatment for
hypertensive patients X65 years old.
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