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Comparison of the antiproteinuric effects of the
calcium channel blockers benidipine and amlodipine
administered in combination with angiotensin receptor
blockers to hypertensive patients with stage 3–5
chronic kidney disease

Masanori Abe, Kazuyoshi Okada, Takashi Maruyama, Noriaki Maruyama and Koichi Matsumoto

Benidipine, an L- and T-type calcium channel blocker, dilates both efferent and afferent arterioles and reduces glomerular

pressure. Thus, it may exert renoprotective effects. We conducted an open-labeled, randomized trial to compare the blood

pressure (BP)-lowering effect and antiproteinuric effect of benidipine with those of amlodipine in hypertensive patients with

moderate-to-advanced-stage chronic kidney disease (CKD) (stages 3–5). These patients were already being administered the

current maximum recommended doses of angiotensin receptor blockers (ARBs). Patients with BP X140/90 mm Hg, despite

treatment with the maximum recommended dose of ARBs, were randomly assigned to two groups. The patients received either

of the following treatment regimens: 4 mg day�1 of benidipine, which was increased up to a dose of 16 mg day�1 (B group;

n¼24), and 2.5 mg day�1 of amlodipine, which was increased up to a dose of 10 mg day�1 amlodipine (A group; n¼23).

After 6 months of treatment, a significant and comparable reduction in the systolic and diastolic BP was seen in both groups.

The decrease in the urinary protein to creatinine ratio in the B group was significantly lower than that in the A group. Benidipine

exerted antiproteinuric effect to a greater extent than did amlodipine, even in patients with diabetic nephropathy. We conclude

that the addition of benidipine, rather than amlodipine, ameliorates urinary protein excretion in hypertensive patients with CKD

who are already being administered ARBs. Therefore, we propose a combination therapy with benidipine and ARBs, even for

patients with moderate-to-advanced-stage CKD.
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INTRODUCTION

On the basis of the results of several mega trials, including the MDRD
(Modification of Diet in Renal Disease) study, a strict control of blood
pressure (BP) is recommended in hypertensive patients with chronic
kidney disease (CKD).1 Proteinuria is one of the clinical parameters
for diagnosing renal damage, particularly in glomerular hypertension,
and it has been reported to be a risk factor and predictor of
cardiovascular events.2,3 Therefore, suppression of proteinuria is a
major goal in the treatment of hypertensive patients with CKD. The
renoprotective effects of angiotensin receptor blockers (ARBs) and
angiotensin-converting enzyme inhibitors (ACEIs) have been shown
earlier.4–6 Blockade of the renin–angiotensin system (RAS) with ARBs
or ACEIs is currently the most effective pharmacological tool for
renoprotection. These agents reduce proteinuria more effectively than
other antihypertensive agents.7,8 On the basis of these results, ARBs

and ACEIs are recommended as first-choice drugs for the treatment of
hypertensive patients with CKD, according to the Japanese Society of
Hypertension Guidelines for the Management of Hypertension
(JSH 2004).9 However, it is difficult-to-control BP with monotherapy,
particularly in patients with CKD; this highlights the need for a
combination drug therapy.10,11

Calcium channel blockers (CCBs) reduce BP and are useful anti-
hypertensive drugs. There are three types of calcium channels: L-type
calcium channels, which are distributed widely in smooth muscle cells
of peripheral resistance arteries; N-type channels, which are located in
the cells of the brain; and T-type channels, which are localized to the
sinus node and the brain. In renal tissues, the L-type calcium channels
are present only in the afferent arterioles, whereas the N-type and
T-type calcium channels are localized in both efferent and afferent
arterioles.12,13 Amlodipine is a representative CCB that is used widely
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all over the world; it blocks the L-type calcium channel and dilates the
afferent arterioles to a higher degree than the efferent arterioles.14,15

However, it has recently been reported that both a dual L-/N-type
CCB cilnidipine and an L-/T-type CCB efonidipine exhibit a greater
antiproteinuric effect than does amlodipine.16,17 Benidipine, another
dual L-/T-type CCB, dilates both efferent and afferent arterioles and
reduces glomerular pressure.18 Therefore, benidipine also may exert
renoprotective effects.
However, few studies have reported the renoprotective effect of

benidipine in hypertensive patients with mild albuminuria.13,19 The
mechanism by which benidipine exerts renoprotective and antihyper-
tensive effects in hypertensive patients with CKD has not been
elucidated. The objective of this study is to determine the effects of
benidipine on BP and renoprotection in Japanese hypertensive
patients with moderate-to-advanced stages of CKD (stages 3–5) and
who are already being treated with a maximum recommended dose of
ARBs.

METHODS
This study was a 6-month-long, single-center, prospective, randomized, open-

labeled clinical trial. It was designed to compare the BP-lowering and

antiproteinuric effects of benidipine and amlodipine in hypertensive patients

with stage 3–5 CKD. These subjects were already being administered the

maximum recommended dose of ARBs. We obtained written informed con-

sents for participation in the trial from all patients, and the protocol of the trial

was approved by the ethics committee of our institution. The study was

conducted in accordance with the Declaration of Helsinki.

The enrollment criteria for the subjects included: (1) hypertension that is,

systolic and diastolic BP X140/90mmHg, as measured in the sitting position

on at least two separate visits to the clinics; (2) stage 3–5 CKD, as indicated by

an estimated glomerular filtration rate (eGFR) of o60mlmin�1 per 1.73m2;

(3) proteinuria, that is, urinary protein–creatinine (Cr) ratio X300mgg�1

(average of two consecutive measurements taken during a 4-week period before

the treatment); (4) treatment with the maximum recommended dose of an

ARB (40mgday�1 of olmesartan or 80mgday�1 of telmisartan) for at least 8

weeks before the study.

The exclusion criteria were as follows: (1) age o20 years; (2) hypertensive

emergency; (3) history of severe heart failure, angina, myocardial infarction or

stroke within 6 months before the start of the trial; (4) earlier treatment with

steroids or immunosuppressants; (5) renovascular hypertension or endocrine

hypertension; (6) severe diabetes mellitus that led to hospitalization because of

extremely high plasma glucose or that was associated with complications, such

as diabetic ketoacidosis.

The overview of the study design is shown in Figure 1. The subjects were

randomly assigned to two groups at the time of registration. An independent

monitoring investigator, who did not treat the study subjects and who did not

know the profile of the subjects before the start of the trial, monitored

randomization in the order of entry of the subjects; thereafter, the particulars

of the assignments were delivered immediately to the individual investigators.

Dynamic balancing randomization was carried out on the basis of the serum Cr

(sCr), urinary protein–Cr ratio measured at the time of registration and the

presence or absence of diabetic nephropathy. This was to ensure that there were

no significant differences between the baseline characteristics of the two groups.

The patients received either of the following treatment regimens: 4mgday�1

benidipine, which was increased to daily doses of 16mg (B group), and 2.5mg

amlodipine, which was increased to daily doses of 10mg (A group).

Blood pressure was measured in the outpatient clinic at fixed times after the

medications were ingested. BP measurement was carried out according to the

Japanese Society of Hypertension Guidelines for the Management of Hyperten-

sion.9 On each monthly visit to the outpatient clinic, the BP was measured

using a sphygmomanometer (Nippon Colin Co. Ltd., Tokyo, Japan); the

measurements were carried out twice with the patient in the sitting position

after a 5-min rest. The patients were provided guidance on how to maintain

their diet, particularly those following dietary restrictions.

The doses of the ARB and ACEI were not altered during the study period.

The target BP level was o130/80mmHg. During the first 3 months of study,

the patients were administered a combination drug therapy with other

conventional antihypertensive agents at baseline. However, if benidipine or

amlodipine in combination with an RAS inhibitor failed to reduce the BP to

the target level within 3 months, additional antihypertensive medications

(other than RAS inhibitors or CCBs) were administered to achieve the target

BP. Withdrawal of drug treatment was considered in patients who developed an

allergy/intolerance to benidipine or amlodipine during the study period,

developed a hypertensive emergency or showed any other condition or received

another therapy that, in the opinion of the investigators, might pose a risk for

the patient or confound the results of the study.

All the parameters that were used for monitoring the effects of the drugs

were evaluated once every month during the 24-week period of treatment.

Laboratory values, such as sCr and potassium, were measured using commer-

cial kits employing routinely used clinical chemistry procedures. To assess

urinary protein excretion, we measured the urinary concentrations of protein

and Cr (protein–Cr ratio). Urinary protein was measured using the pyrogallol

red method. The treatment compliance and safety variables were checked at

each visit to our hospital.

The glomerular filtration rate (GFR) was estimated using the final recom-

mended modified equation for Japanese patients by the JSN-CKDI (Japanese

Society of Nephrology-Chronic Kidney Disease Initiatives), because the eGFR

obtained by this method is more accurate for application in Japanese patients

Random Allocation

Maximum recommended dose of ARB (olmesartan 40 mg or telmisartan 80mg)

Benidipine (4-16 mg daily)

Other antihypertensives

A group
(n = 23)

B group
(n = 24)

(months)6543210-1-2

Baseline Evaluation Evaluation Final evaluation

Other antihypertensives

Amlodipine (2.5-10 mg daily)

Figure 1 Study design. ARB, angiotensin receptor blocker.
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with CKD.20 The eGFR was calculated by the following formula: eGFR

(mlmin�1 per 1.73m2)¼194�sCr�1.094�Age�0.287(�0.739 in the case of

women).

Statistical analysis
Data were analyzed according to the randomly assigned groups of the

participants, regardless of their subsequent medication status (intention-to-

treat analysis), and expressed as the mean±s.e.m. The baseline characteristics

of the enrolled patients were tested to compare between the A and B groups

using the unpaired t-test or Fisher’s exact test. The mean values in the two

groups were compared using the unpaired t-test. Analysis of variance with

repeated measurements and a subsequent multiple comparison test were

applied to test the effect of treatment on BP, heart rate and urinary protein–

Cr ratio. Statistical significance was set at Po0.05.

RESULTS

Baseline characteristics
All the enrolled patients (n¼47) continued to participate in the study
until the end of the trial. The baseline characteristics and medications

administered to the subjects in the two groups are shown in Table 1.
No significant differences were observed between the two groups with
regard to the baseline characteristics or the number of patients with
diabetic nephropathy. Although the subjects were not obese (mean
body mass index of all subjects, 23.6±0.85 kgm�2), and their blood
glucose and lipid levels at the baseline were well under control,
adequate BP control was not achieved in any of the enrolled patients.

BP-lowering effect
Other antihypertensive agents listed in Table 1, such as ACE inhibitors
and a-blockers, were administered throughout the trial period.
Furthermore, antihypertensive drugs other than ARBs or CCBs were
administered additionally to four patients from the A group and to
five patients from the B group during the study period (A group: a-
blocker, n¼4; B group: furosemide, n¼1; a-blocker, n¼4).
The final doses were 7.6±0.56mgday�1 of amlodipine and

11.7±0.87mgday�1 of benidipine in the A and B groups, respectively.
Figure 2 shows the changes in the systolic and diastolic BP. After
treatment for 1 month, the systolic BP was significantly lower in the A
group than in the B group, but no such difference was observed at
other time points. Diastolic BP did not differ between the two groups
during the course of treatment. In the last month of treatment, no
differences were observed between systolic BP (A group:
133.4±1.3mmHg, B group; 136.1±1.8mmHg; not significant,
NS) and diastolic BP levels (A group: 75.2±1.6mmHg, B group:
78.6±1.7mmHg; NS) in the patients in the two groups. Patients with
BP o140/90mmHg accounted for 65.2 and 58.3% of the patients in
the A and B groups (NS), respectively. The recommended BP target
(130/80mmHg) was achieved in 43.4 and 37.5% of the total subjects
of the A and B groups (NS), respectively. In both groups, the systolic
and diastolic BP values were significantly lower than the baseline
values at 1 month after initiation of the CCB therapy. The heart rate
did not differ between the two groups (A group: 74.6±2.3
beatsmin�1, B group: 76.1±2.2 beatsmin�1, NS).

Renoprotective effects
As shown in Figure 3, the sCr levels were increased significantly in
both groups after 24 weeks of treatment; however, the difference
between the increase noted in both the groups was not significant.
Furthermore, the eGFR levels were reduced significantly in both
groups at the end of the study period. As shown in Figure 4, the
urinary protein–Cr ratio in the last month was significantly lower in
the B group than in the A group (2565±299.9 vs. 3187±372.2mg per
gram Cr, Po0.05). The percentage reduction in urinary protein
excretion from the baseline showed a significant difference between

Table 1 Baseline characteristics and medication details of the study

subjects

A group B group P-value

Number of patients (male/female) 23 (15/8) 24 (15/9) NS

Age (years) 65.5±2.1 65.9±2.2 NS

Body mass index (kgm�2) 23.8±0.4 23.5±0.5 NS

Type II diabetes (n) 11 11 NS

Hyperlipidemia (n) 9 8 NS

Smoker (n) 6 6 NS

Systolic blood pressure (mm Hg) 153.2±3.1 153.9±2.9 NS

Diastolic blood pressure (mm Hg) 86.8±9.0 87.1±8.8 NS

Serum creatinine (mgper 100 ml) 3.06±0.24 2.98±0.25 NS

eGFR (ml min�1 per 1.73 m2) 22.1±2.10 21.8±1.80 NS

Urinary protein–Cr ratio (mg g�1) 3447±405 3282±403 NS

Na (mEq l�1) 139.9±0.5 139.7±0.5 NS

K (mEq l�1) 4.6±0.07 4.6±0.09 NS

Plasma glucose (mg per 100 ml) 128±10.5 132±8.7 NS

HbA1c (%) (for diabetes; n¼11) 6.3±0.12 6.3±0.11 NS

Diagnosis of CKD (n)

Diabetic nephropathy 11 11 NS

Chronic glomerulonephritis 6 7 NS

Hypertensive nephrosclerosis 5 5 NS

Tubulointerstitinal nephritis 1 1 NS

CKD stage (n)

Stage 3 6 6 NS

Stage 4 8 9 NS

Stage 5 9 9 NS

Antihypertensive agents (n)

Details of ARB

Olmesartan 40mg day�1 12 13 NS

Telmisartan 80mg day�1 11 11 NS

ACE-inhibitor 8 9 NS

a-blocker 3 3 NS

b-blocker 1 2 NS

Diuretics 2 2 NS

Central sympatholytic agent 1 0 NS

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; CKD,
chronic kidney disease; Cr, creatinine; eGFR, estimated glomerular filtration rate; HbA1c,
hemoglobin A1c; K, potassium; Na, sodium.
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the two treatment groups after 1 month of treatment and thereafter.
Additionally, after 6 months of treatment, the percentage change from
the baseline value decreased in the B group but not in the A group; the
values were significantly different between the two groups
(�29.4±5.9 vs.�7.8±6.9%, Po0.05). Even in a subgroup of patients
with diabetic nephropathy, there was a significant difference in the
percentage reduction in the urinary protein excretion from baseline
values between the two treatment groups. In addition, even in the

subgroup with non-diabetic subjects, benidipine caused a significant
reduction in the urinary protein–Cr ratio as compared with that
caused by amlodipine (Figure 5).

Adverse events
During the observation period, none of the patients in either group
exhibited a significant increase in the occurrence of adverse effects,
such as liver impairment, skin rash or frequent urination. Further-

sC
r 

(m
g/

dl
)

4

3

2

1

0
1Baseline 3 6

(months)
1Baseline 3 6

(months)

eG
F

R
(m

l/m
in

/1
.7

3m
2 )

30

25

20

15

10

5

0

A group
B group

**
**

Figure 3 Changes in sCr and eGFR during the study period. *Po0.05 vs. baseline. sCr, serum creatinine; eGFR, estimated glomerular filtration rate.

U
rin

ar
y 

pr
ot

ei
n/

C
r 

ra
tio

(m
g/

g 
C

r)

4000

3000

2000

1000

0
Baseline 1 3 6 1 3 6

(months) (months)

*

B group
A group

%
 C

ha
ng

e

20

10

0

-10

-20

-30

-40

-50

-60

-70

* †
†

Figure 4 Changes in the urinary protein–Cr ratio and the respective percent changes from baseline. *Po0.05, wPo0.01, A group vs. B group. Cr, creatinine.

n

DM
11
11

12
13

non-DM

< 0.05

P value

< 0.05

A group
B group

-70 -60 -50 100-10-20-30-40

% change

Figure 5 Percentage changes in the urinary protein–Cr ratio after 6 months of treatment in diabetic and non-diabetic patients with different baseline

characteristics. Cr, creatinine; DM, diabetes mellitus; non-DM, non-diabetes mellitus.

Antiproteinuric effect of benidipine
M Abe et al

273

Hypertension Research



more, none of the patients required renal replacement therapy for
hyperkalemia or progressive loss of renal function during the observa-
tion period.

DISCUSSION

Treatment with an ACEI or ARB is recommended as the first-line
therapy for achieving the target BP level in patients with CKD.9,21,22

However, monotherapy with either of these drugs is effective in only a
few patients; in most patients, two or three drugs with different
mechanisms of action are required. The European Society of Hyper-
tension/European Society of Cardiology recommends a combination
therapy of either ARB/diuretics or ARB/CCB for the management of
difficult-to-control hypertension. Recently, it was reported that the
administration of a combination therapy with ARB and CCB exerted
protective effects on organs in a rodent model.23,24 Although CCBs
and ARBs are considered first-line antihypertensive drugs in Japan, the
rate of attaining the target BP level by the administration of mono-
therapy with either drug is B12–40%.25,26 According to a Japanese
cross-sectional survey, the combination therapy with a CCB and an
ARB is the most prescribed treatment for hypertensive patients in
Japan.26 Therefore, physicians frequently prescribe ARBs or ACEIs as
first-choice drugs and CCBs as second-choice drugs to hypertensive
patients who have CKD with proteinuria.
Recently, in the CARTER (Cilnidipine versus Amlodipine Rando-

mized Trial for Evaluation in Renal Disease) study, it was reported
that, when coupled with an RAS inhibitor, treatment with cilnidi-
pine—an L-/N-type CCB—was superior to treatment with amlodi-
pine for the prevention of the progression of proteinuria in
hypertensive patients.16 However, the types and dosages of ARBs or
ACEIs were not reported in the study. In this study, we showed that
benidipine is more beneficial than amlodipine as an additional
medication for hypertensive patients with moderate-to-advanced-
stage CKD associated with significant proteinuria (urinary protein–
Cr ratio 4300mg per gram Cr), and who are under treatment with
the current maximum recommended dose of ARBs.
In addition to RAS inhibition, a strict control of BP is considered to

be important for preventing the progression of CKD.21,22,27 In this
study, the most consistent and statistically significant difference
between the groups was in BP control: amlodipine was more effica-
cious in reducing BP than benidipine, particularly during the first 1
month of treatment. Furthermore, although the reduction in BP level
brought about by benidipine and amlodipine was not statistically
significant at the end of the study, BP levels tended to lower slightly in
the amlodipine group than in the benidipine group (systolic–diastolic
BPs were 133.4/75.2 vs. 136.1/78.6mmHg, A group vs. B group,
respectively). Therefore, it might be possible that amlodipine, which
is an L-type CCB, is beneficial in reducing systemic BP. However, the
antiproteinuric effect of benidipine was more than that of amlodipine,
suggesting that benidipine, in addition to lowering the BP, has
beneficial effects. The CARTER study reported that the urinary
protein–Cr ratio was lowered significantly after 12 months of treat-
ment; however, in our study, it was reduced after 6 months of
treatment. In another study, it was reported that a higher urinary
protein excretion (Po0.0001), lower GFR (P¼0.0011) and the pre-
sence of diabetes (P¼0.0284) correlated with the reduction of urinary
proteins when the treatment with amlodipine was replaced with
treatment with benidipine.13 The difference between our study and
the CARTER study could be attributed to the large number of diabetic
nephropathy cases included in our study. Moreover, the baseline
proteinuria and sCr levels reflected a greater deterioration in patients
in our study than in those of the CARTER study. These differences

may explain why the antiproteinuric effect was detected earlier in our
study than in the CARTER study. Furthermore, the patients in our
study were treated with the current recommended maximum dose of
ARBs for a considerably long time. Hence, the improvement in the
glomerular hypertension on treatment with ARBs and benidipine
resulted in a more pronounced antiproteinuric effect.
Some CCBs not only block the L-type calcium channels but also

exert additional pleiotropic effects. CCBs that block either T-type or
N-type calcium channels may exert renoprotective effects by dilating
the efferent artery and protecting the glomerulus from hyperfiltration
injury.17,28 Benidipine, which blocks the L- and T-type calcium
channels, decreases the resistance of the efferent and afferent arteries,
and lowers the glomerular capillary hydrostatic pressure in rats.29

Therefore, benidipine, as well as cilnidipine may exert renoprotective
effects in hypertensive patients with CKD. The intraglomerular
pressure is higher in patients with diabetic nephropathy than in
patients with chronic glomerulonephritis or hypertensive nephroscler-
eosis, and the number of patients with diabetic nephropathy in this
study was high. Hence, it was considered that benidipine was more
effective than amlodipine in the case of diabetic patients.
Our study is limited by the relatively small sample size and the short

period of treatment. Moreover, although the prospective, randomized,
open-label and parallel-groups comparison design was used in this
study, more longitudinal, double-blind, comparative multicenter clin-
ical trials should be conducted in a larger number of patients in order
to further clarify the difference in the usefulness between the two
agents; in addition to the BP profile, the percentage of renal replace-
ment therapy requiring patients and other renal or cardiovascular
events should also be considered as endpoints. In our study, we noted
that benidipine significantly reduced BP and the severity of protei-
nuria even when administered for only a short duration. Therefore, we
believe that this agent may be beneficial for hypertensive patients with
stage 3–5 CKD.
In conclusion, the administration of benidipine, rather than amlo-

dipine, ameliorates urinary protein excretion in hypertensive patients
with moderate-to-advanced-stage CKD who are already being treated
with ARBs. Therefore, we propose a combination therapy with
benidipine and ARBs even for patients with advanced-stage CKD.
Moreover, the administration of this combination therapy might lead
to the delay of the initiation of renal replacement therapy.
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