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Effects of calcium channel blocker-based
combinations on intra-individual blood pressure
variability: post hoc analysis of the COPE trial

Seiji Umemoto1, Toshio Ogihara2,3, Masunori Matsuzaki4, Hiromi Rakugi3, Yasuo Ohashi5, Takao Saruta6

and the Combination Therapy of Hypertension to Prevent Cardiovascular Events (COPE) Trial Group

Visit-to-visit blood pressure (BP) variability is an important predictor of stroke. However, which antihypertensive drug combination

is better at reducing visit-to-visit BP variability and therefore at reducing stroke incidence remains uncertain. We have previously

reported that the dihydropyridine calcium channel blocker benidipine combined with a β-blocker appeared to be less beneficial

in reducing the risk of stroke than a combination of benidipine and thiazide. Here, we further compare the visit-to-visit BP

variability among three benidipine-based regimens, namely angiotensin receptor blocker (ARB), β-blocker and thiazide

combinations. The present post hoc analysis included 2983 patients without cardiovascular events or death during the first

18 months after randomization. We compared the BP variability (defined as the s.d. and the coefficient of variation (CV)),

maximum systolic BP (SBP) and diastolic BP (DBP) of the clinic mean on-treatment BPs obtained at 6-month intervals, starting

6 months after the treatment initiation, among the 3 treatments (ARB, n=1026; β-blocker, n=966; thiazide, n=991). During

the first 6–36 months after randomization, both the s.d. and CV-BPs were lower in the benidipine–thiazide group than in the

benidipine–β-blocker group (s.d.-SBP, P=0.019; s.d.-DBP, P=0.030; CV-SBP, P=0.012; CV-DBP, P=0.022). The s.d. and

CV in the ARB group did not reach statistical significance compared with the other two groups. The maximum BPs did not differ

among the three treatments. These findings suggest that the benidipine–thiazide combination may reduce visit-to-visit BP

variability more than the benidipine–β-blocker combination.
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INTRODUCTION

The Combination Therapy of Hypertension to Prevent Cardiovascular
Events (COPE) trial was the first clinical trial to examine the treatment
of hypertension with combination therapies including benidipine,
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.1 In this trial, although the
percentages of subjects achieving the target blood pressure
(BP; o140/90mmHg) and the incidences of primary composite
cardiovascular endpoints, including the reduction in BP, from baseline
over the course of the trial were similar among the benidipine–thiazide
diuretic (thiazide), benidipine–angiotensin receptor blocker (ARB)
and benidipine–β-blocker groups, secondary analyses suggested that,
especially in elderly subjects, benidipine combined with a β-blocker
appeared to be less beneficial in reducing the risk of both hemorrhagic
and ischemic stroke compared with the benidipine–thiazide
combination.2–5

Although the adverse cardiovascular consequences of hypertension
largely depend on the absolute BP values,6 the targeting of anti-
hypertensive treatment towards stabilizing long-term BP variability has
also been suggested.7,8 Moreover, it is important to note that the
effects on inter-individual BP variation may account for the differences
in the effects of antihypertensive drugs on the risk of stroke,
independently of their effects on the mean systolic BP (SBP).9,10

Furthermore, it has been reported that the effects of antihypertensive
drugs on SBP variability are dose dependent and persist when used
in combinations, and that the use of a high dose of a CCB alone or in
combination with other agents is likely to be particularly effective in
preventing stroke.11 However, the inter-patient dispersion of the mean
BP during treatment reflects the different effect of the BP-lowering
treatment in a group of patients and does not quantify visit-to-visit BP
variability in individual patients. By contrast, a reduction of intra-
individual BP variability12 may have a role in improving patient
outcomes, as demonstrated in a previous clinical trial.13 Thus, to
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clarify which antihypertensive drug combination is better at reducing
visit-to-visit BP variability, we utilized a post hoc analysis to compare
the intra-individual visit-to-visit BP variability among the three
benidipine-based regimens evaluated in the COPE trial.

METHODS

Study design of the post hoc analysis of the COPE trial
The COPE trial was an investigator-initiated multi-center study with a
prospective, randomized, open-label, blinded-endpoint (PROBE) design
that compared the cardiovascular effects and achievement of target BP
(o140/90mmHg) between 3 dihydropyridine CCB benidipine-based regimens
(ARB, β-blocker or thiazide) in 3501 hypertensive patients who had not
achieved the target BP with benidipine alone at a dose of 4mg per day. The BP
management titration algorithm, together with other details of the study design
and the results of the COPE trial, have already been reported.2–4 In brief,
participants aged 40–85 years with a sitting SBP ⩾ 140mmHg and/or a
diastolic BP (DBP) ⩾ 90mmHg, whether untreated or treated, who did not
achieve the target BP in the sitting position at our clinic following monotherapy
with benidipine at a dose of 4mg per day during the run-in phase (4–8 weeks)
were included in the study. These patients were randomly assigned to receive
benidipine combined with an ARB, a β-blocker or a thiazide. After randomiza-
tion, all of the patients were followed every 6 months for at least 36 months
(BP measurement phase). At each visit, BP measurements were performed by
trained physicians according to the guidelines for the management of
hypertension;14 the clinic BP was standardized and measured by the ausculta-
tion method using mercury or an automatic sphygmomanometer that was
calibrated once a year throughout the BP measurement phase. The BP was
measured at randomization (baseline), at monthly intervals to achieve the target
BP after randomization (drug titration phase) and every 6 months thereafter. At
each visit, the BP was measured two or more times at intervals of 1 to 2min,
and the mean of two stable measurements (difference o5mmHg) was used as
the representative value for each visit and was regarded as the patient’s
clinic BP.
A total of 3293 patients who were prescribed a combination treatment (ARB,

n= 1110; β-blocker, n= 1089; thiazide, n= 1094) were compared using full set
analysis to specifically evaluate the effects of benidipine-based combination
therapy for hypertension in the COPE trial.3 Of these, 2983 patients (ARB,
n= 1026; β-blocker, n= 966; thiazide, n= 991) met the following inclusion
criteria and were included in this post hoc analysis (Figure 1): (1) subjects who

did not develop any cardiovascular events within 18 months after randomiza-
tion, and (2) subjects who had their clinic BP measured at least three times over
a BP measurement phase of at least 18 months to evaluate intra-individual
visit-to-visit BP variability during the 36-month BP measurement phase.

Data analysis
For each patient, the mean SBP and DBP values measured at each visit during
the 36-month BP measurement phase and the maximum and minimum SBP
and DBP values were selected for analysis. In addition to the s.d. and the
coefficient of variation (CV) of the mean BP, the long-term intra-individual
variability in SBP and DBP were analyzed separately for the three treatment
groups. For clinic BP in each patient, only the BP values obtained during the
first 6-month visit and onward were considered, and the BP changes occurring
during the drug titration phase were therefore not included in the calculation.
BP recordings were performed at registration, at randomization, at 3, 4 and
6 months after randomization, and every 6 months thereafter. The mean of the
two stable measurements taken at each visit was used as the BP value for that
visit. The BP values measured at six occasions (6, 12, 18, 24, 30 and 36 months
after randomization) were used to determine the mean BP, visit-to-visit
variability, and the maximum and minimum SBP and DBP, as well as the
difference between the maximum and minimum (maximum–minimum)
values. After excluding patients who had experienced primary cardiovascular
events and patients with missing BP values for 3 or more of the 6 occasions,
2983 patients were eligible for the present study (Figure 1). For each patient, the
s.d. was divided by the corresponding mean on-treatment BP value to express
the intra-individual visit-to-visit variability as a CV or, in other words, as a
normalized value. The individual values were averaged to obtain mean values
for each group considered.

Statistics
Throughout the text, group values are expressed as the mean± s.d. or a
percentage. Continuous variables among the three treatment groups were
compared using one-way analysis of variance, as appropriate. Categorical
variables among the three treatment groups were compared with the χ2-test.
Differences in the mean, maximum, minimum, maximum–minimum, s.d., and
CV of the BP values and in the number of clinic BP measurements in the three
treatment groups during the 36-month BP measurement phase were analyzed
using Tukey’s multiple comparison test. Only BP values obtained before a
cardiovascular event were used to calculate the visit-to-visit BP variability. All
data were analyzed using SAS System Release 9.1 (SAS Institute, Cary, NC,
USA). All P-values were two sided, and a value of Po0.05 was considered
statistically significant.

RESULTS

Demographic and baseline patient characteristics of the post hoc
analysis of the COPE trial
Demographic and baseline characteristics, including the baseline SBP
and DBP, the previous history of cardiovascular disease and the need
for anti-platelet therapy were well-matched among the patients
randomized to the three regimens in this post hoc analysis of the
COPE trial (Table 1).

Number of visits and BP control during the treatment
Over 85% of the subjects in each group had their clinic BP measured
on six occasions, and the number of BP measurements did not
significantly differ from those of the other two treatment regimens
when grouped together (Supplementary Table S1).
The reduction in SBP and DBP from baseline was similar among

the three treatment groups over the course of the trial (Supplementary
Figure S1). There were no differences among the three treatment
groups in the mean BP after 36 months of treatment. At the end of
the treatment phase, the mean BP was 134.8/77.2mmHg in the
benidipine–ARB group, 133.9/77.0mmHg in the benidipine–β-
blocker group and 134.0/76.6mmHg in the benidipine–thiazide

Months after randomization

BP measurement (6 occasions)

3293 patients
randomized

BP lowering intervention (benidipine + ARB vs. β-blocker vs. thiazide)

2983 patients
analyzed

0 6 12 18 24 30 36

BP measurement phase in the COPE trial
(3 years)

Exclusion:
− 52 patients who developed any cardiovascular events within

18 months after randomization
− 258 patients who missed BP values at least 3 of 6 occasions

Figure 1 Flow diagram of the study participants. The blood pressure was
measured at six time points (6, 12, 18, 24, 30, and 36 months after
randomization) and was used to determine the mean, maximum and
minimum, and intra-individual visit-to-visit variability of systolic and diastolic
BPs. After excluding patients who had experienced any cardiovascular events
within 18 months after randomization and patients with missing BP values
from 3 or more of the 6 time points, 2983 patients were eligible for
enrollment in the present study. ARB, angiotensin receptor blocker;
BP, blood pressure; COPE, Combination Therapy of Hypertension to Prevent
Cardiovascular Events.
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group. Moreover, the percentage of patients who achieved the target
BP did not differ among the three treatment groups over the course of
the trial (Supplementary Figure S1). In addition, there were no
significant differences seen in the use of concomitant medications at
36 months after study initiation (Supplementary Table S2).

Intra-individual systolic and diastolic variability in BP during the
BP measurement phase in the COPE trial
Because very few differences were seen in the SBP and DBP control
during the BP measurement phase, as shown in Supplementary Figure
S1, we further examined the effects of antihypertensive drug combina-
tions on intra-individual visit-to-visit BP variability during the BP
measurement phase in the COPE trial.
Table 2 shows the levels between SBPs and intra-individual visit-to-

visit variability in SBP in the three treatment groups during the BP
measurement phase. Although the mean, maximum and minimum
SBP were not different among the three treatment groups, the

difference between the maximum and minimum SBP, as well as the
s.d. and CV of SBP, were significantly lower in the benidipine–thiazide
group than in the benidipine–β-blocker group. Moreover, although
the intra-individual visit-to-visit variability in SBP in the benidipine–
ARB group tended to be higher than in the benidipine–thiazide group
and lower than in the benidipine–β-blocker group, these indices in the
benidipine–ARB regimen during the BP measurement phase did not
differ statistically from the benidipine–thiazide or benidipine–β-
blocker groups, with the intra-individual visit-to-visit variability in
the benidipine–ARB group tending to be closer to that of the
benidipine–thiazide group.
Table 3 shows the relationships between the DBP levels and intra-

individual visit-to-visit variability in DBP in the 3 treatment groups
during the BP measurement phase. Although the mean, maximum,
minimum, and the difference between the maximum and minimum
DBP did not differ among the 3 treatment groups, not only the DBP
but also the s.d. and CV of DBP, were significantly lower in the
benidipine–thiazide group than in the benidipine–β-blocker group
when analyzed separately. Furthermore, although the intra-individual
visit-to-visit variability in the DBP in the benidipine–ARB group
tended to be higher than in the benidipine–thiazide group and lower
than in the benidipine–β-blocker group, these differences were not
significant; however, the intra-individual visit-to-visit variability in
the benidipine–ARB group tended to be closer to that of the
benidipine–thiazide group.

DISCUSSION

In this post hoc analysis of the COPE trial, we demonstrated that
intra-individual BP variability, as well as the difference between the
maximum and minimum SBP were significantly reduced by
benidipine–thiazide combination treatment compared with the
benidipine–β-blocker combination, although there were little differ-
ences among the three treatment groups in SBP and DBPs throughout
the baseline, 36-month treatment and BP measurement phases.
It has been reported that in addition to its vasodilator effects,1

T/L-type CCB benidipine inhibits aldosterone production,15 directly
inhibits aldosterone-induced mineralocorticoid receptor activation16,17

and exerts a sodium diuretic action via T-type calcium channel
inhibition.18 In addition, thiazide diuretics initially reduce arterial
pressure through a reduction in plasma volume and cardiac output,
whereas their long-term pressure reduction effects are mediated
through a reduction in the total peripheral resistance.19 Zhang
et al.20 recently investigated the effects of sustained release three
antihypertensive drugs, candesartan, amlodipine and indapamide, on
BP variability by using ambulatory BP monitoring. They found that
only amlodipine- and indapamide-sustained release was associated
with significantly decreased BP variability. The reduction in BP
variability by amlodipine was found to be significantly associated with
reductions in BP and heart rate variability, whereas the corresponding
reduction by indapamide-sustained release was only associated with a
reduction in heart rate variability at night, suggesting that the
mechanisms of these reductions may be attributable to lowering the
BP, ameliorating autonomic nervous system regulation or both. These
mechanisms may have also affected the results of the present study.
In addition, it has also been reported that both the visit-to-visit

variability in SBP and maximum SBP are strong predictors of stroke
risk, independent of the mean SBP.12 In this post hoc analysis, a
smaller difference between the maximum and minimum SBP, but not
the DBP, for the benidipine–thiazide combination compared with the
benidipine–β-blocker combination was observed. This suggests that
the SBP variability, in addition to the difference between the

Table 1 Demographic and baseline characteristics of the study

participants

Benidipine

plus ARB

(n=1026)

Benidipine

plus BB

(n=966)

Benidipine

plus TD

(n=991) P-value

Demographic
Sex, male 520 (50.7%) 480 (49.7%) 495 (49.9%) 0.899

Age, years 63.0±10.6 63.3±10.7 63.5±10.6 0.594

Baseline characteristics
BMI, kgm−2 24.7±3.4 24.6±3.4 24.4±3.4 0.209

Systolic BP, mmHg 153.8±11.8 153.6±10.7 154.2±12.0 0.491

Diastolic BP, mmHg 89.0±9.7 88.5±9.6 88.5±9.8 0.362

Heart rate, beats

per min

74.0±11.1 74.3±11.0 74.2±11.5 0.865

Risk factors
Previous

cardiovascular

disease

131 (12.8%) 110 (11.4%) 129 (13.0%) 0.500

Previous stroke 31 (3.0%) 23 (2.4%) 23 (2.3%) 0.546

Diabetes 144 (14.0%) 137 (14.2%) 143 (14.4%) 0.968

Dyslipidemia 400 (39.0%) 391 (40.5%) 418 (42.2%) 0.344

Current smoking 399 (38.9%) 376 (38.9%) 390 (39.4%) 0.972

Previous medication
Antihypertensive

agents

824 (80.3%) 780 (80.7%) 803 (81.0%) 0.919

Benidipine 647 (63.1%) 620 (64.2%) 632 (63.8%) 0.870

Other CCB 120 (11.7%) 109 (11.3%) 113 (11.4%) 0.957

ARB 94 (9.2%) 93 (9.6%) 95 (9.6%) 0.925

ACE inhibitor 17 (1.7%) 22 (2.3%) 13 (1.3%) 0.255

BB 23 (2.2%) 35 (3.6%) 33 (3.3%) 0.165

Diuretics 9 (0.9%) 8 (0.8%) 13 (1.3%) 0.494

Concomitant medication
Anti-platelet agents 88 (8.6%) 72 (7.5%) 77 (7.8%) 0.631

Statin 174 (17.0%) 170 (17.6%) 159 (16.0%) 0.653

Antidiabetic agents 71 (6.9%) 68 (7.0%) 72 (7.3%) 0.954

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
BB, β-blocker; BMI, body mass index; BP, blood pressure; CCB, calcium channel blocker;
TD, thiazide diuretic.
Data are shown as the number of patients (%) or the mean± s.d. Differences in the proportions
among the three treatment groups were analyzed using the χ2-test, and differences in the means
among the three treatment groups were analyzed using one-way analysis of variance.
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maximum and minimum SBP, may be more clinically important for
evaluating BP variability and predicting stroke incidence compared
with DBP variability and the difference between the maximum and
minimum DBP.
Several factors must be taken into account when assessing BP

variability, including seasonal changes, adherence to antihypertensive
treatment and BP measurement errors, as well as inappropriate dosing
or titration of the antihypertensive treatment.8 However, unlike the
fixed-dose combination therapy, the treatment regimen of the COPE
trial was adjusted by the BP management titration algorithm, which
allowed timely adjustment of the dosage of medication and helped
avoid inappropriate dosing or titration of antihypertensive medication
in cases of, for example, BP variation due to seasonal changes in
temperature or changes in the patients’ activities.8 This may provide
better BP control, including better control of the visit-to-visit BP
variability.
It remains unknown whether treatment with antihypertensive drugs

should be targeted towards stabilizing BP variability, in addition to
obtaining mean BP control, with the aim of optimizing cardiovascular
protection. Recently, in contrast to the results of this post hoc analysis,
visit-to-visit BP analysis of the ELSA trial demonstrated that, in mild-
to-moderate hypertensive patients, carotid intima-media thickness and
cardiovascular outcomes were related to the mean clinic SBP achieved
by treatment but not to on-treatment visit-to-visit clinic BP
variability.21 In the COPE trial,2–5 we mainly included relatively
low-risk hypertensive patients, and the conflicting findings in relation
to the association of on-treatment visit-to-visit BP variability observed
in the two trials may be explained by the differences in the genetic
backgrounds and/or lifestyles between Western and East Asian
populations, especially in Japan, where the incidence of stroke is
more common than the incidence of coronary artery disease, probably
due to the high salt intake.22–26

Although little is currently known about the factors responsible for
the long-term BP variability observed over months or years in
observational studies and clinical trials of antihypertensive drugs,8

some potential mechanisms for long-term BP variability have been
postulated, including increased arterial stiffness and decreased kidney
function.27–29 We have furthermore previously reported that the
hazard ratios for fatal and non-fatal stroke in older patients were
significantly higher in the benidipine–β-blocker combination group
compared with that in the benidipine–thiazide combination,4 whereas
in hypertensive patients with chronic kidney disease all of the
benidipine-based combination therapies demonstrated comparable
efficacy in terms of prevention of cardiovascular events, as well as
maintenance of estimated glomerular filtration rate,30 suggesting that
increased arterial stiffness may have principally affected the results of
the present study.

Study limitations
This study has some limitations that require consideration. First, we
adopted the PROBE design, and the sample size of this post hoc
analysis was relatively small in the COPE trial,3–5,30 which might
induce bias and potentially lead to chance findings. Because combina-
tion therapies are often needed for high-risk patients,8 the optimal
combination in mildly to moderately hypertensive patients should be
investigated in future clinical trials.
Second, the mean of two stable measurements (difference

o5mmHg) was regarded as the patients’ clinic BP, and we obtained
the clinic BP only every 6 months. Furthermore, although two
different BP measurement techniques were allowed according to the
guidelines for the management of hypertension,14 the use of two

different methods for clinic BP assessment might have added further
confusion to the data analysis, which focused on visit-to-visit BP
variability. In addition, the number of visits in the COPE trial varied
among patients (a minimum of three visits was required), although
the mean number of BP measurements per patient did not differ
statistically between the three treatment groups during the 36-month
BP measurement phase. Nonetheless, these factors may have influ-
enced the results of the intra-individual visit-to-visit BP variability in
the present study.
In conclusion, in this post hoc analysis of the COPE trial

we first demonstrated that the combination of the CCB
benidipine with thiazide may be better not only for lowering the BP
level but also for reducing the intra-individual visit-to-visit BP
variability compared with the benidipine–β-blocker combination. This
combination may therefore provide better cardiovascular outcomes,
especially in terms of a lower incidence of stroke, in hypertensive
patients. However, the intra-individual visit-to-visit BP variability and
cardiovascular outcomes in the benidipine–ARB combination group
did not differ from those of the other two treatment regimens. Further
studies to evaluate the relationships between the intra-individual BP
variability and the incidence of stroke according to different drug
combinations will be necessary to confirm the results of the
present study.
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