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Comparison of the Effects of Efonidipine 
and Amlodipine on Aldosterone in Patients 

with Hypertension
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Takashi YAMAMOTO1), and Minoru HORIE1)

To prevent cardiovascular disease, targeting aldosterone synthesis and release may be clinically important.

Aldosterone production in the adrenal gland is mediated mainly by the T-type calcium channel in vitro.

Efonidipine inhibits both L- and T-type Ca channels. To compare the effects of efonidipine on neurohumoral

factors with those of amlodipine, an L-type Ca channel blocker, we studied 40 essential hypertensive out-

patients. Forty patients who had been administered amlodipine for more than 1 year were treated with

efonidipine for 6 months in place of amlodipine. Substituting efonidipine for amlodipine had no significant

effect on clinic systolic blood pressure or the plasma levels of brain natriuretic peptide, norepinephrine or

active renin. However, the heart rate was significantly decreased (72.0±1.3 vs. 69.8±1.3 beats/min, p<0.01)

and the plasma aldosterone level was also significantly decreased after efonidipine treatment (97.7±7.9 vs.

79.7±5.6 pg/mL, p<0.0001). Changes in the aldosterone level correlated with the baseline value before the

replacement of amlodipine by efonidipine (r=–0.769, p<0.0001). These findings indicate that at the effective

antihypertensive doses of efonidipine and amlodipine, efonidipine significantly decreases heart rate and

plasma aldosterone level compared with those under amlodipine treatment in hypertensive patients. (Hyper-

tens Res 2007; 30: 691–697)
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Introduction

Blood pressure control is the most important component in
the management of patients with hypertension. In particular,
dihydropyridine calcium channel blockers are widely used for
the treatment of hypertension and cardiovascular disease.
However, calcium channel blockers may stimulate neurohu-
moral factors such as sympathetic nervous activity and the
renin-angiotensin-aldosterone system (1, 2). Recent clinical
trials have shown that inhibition of the biological actions of
aldosterone (ALD) using an ALD blocker alone or in combi-
nation with angiotensin-converting enzyme inhibitors (ACE-

I) or angiotensin receptor blockers (ARB) is a useful add-on
therapy in hypertensive patients and reduces the incidence of
cardiovascular events among patients with chronic heart fail-
ure (CHF) (3, 4).

Aldosterone has been implicated as a contributor to struc-
tural remodeling of the left ventricle (5–7), a marker of car-
diovascular events, and high plasma ALD levels have been
associated with an increase in cardiovascular death (8–10).
ALD is synthesized in the zona glomerulosa of the adrenal
gland, from which it is secreted mainly by calcium influx
through the T-type calcium channel in a calcium-dependent
manner in response to stimuli such as angiotensin II, adreno-
corticotropic hormone, and increased extra cellular potassium
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(11–15). Three types of calcium channel blocker, i.e., L-, T-,
and N-type calcium channel blockers, have been used as clin-
ical drugs and medicines. Recently, the dual calcium channel
blocker efonidipine, which is both a T-type and an L-type cal-
cium channel blocker, has been shown to inhibit ALD synthe-
sis and secretion in vitro (16). In healthy humans, efonidipine
has been shown to decrease plasma ALD concentration (17).
However, there has been no previous study comparing the
effects of efonidipine, a T-type and L-type calcium channel
blocker, and amlodipine, an L-type calcium channel blocker,
on the plasma ALD levels in patients with hypertension.

This study compared the effects of efonidipine and amlo-
dipine on the ALD levels and other neurohumoral factors in
patients with hypertension.

Methods

Forty stable outpatients (average age, 67.4 years; range, 51–
81 years) with essential hypertension who had received anti-
hypertensive treatment with amlodipine (average dose,
6.2±0.4 mg once a day) for more than a year were enrolled in
this study. Patients with renal insufficiency (serum creatinine
>1.5 mg/dL), angina pectoris, or moderate to severe CHF
(New York Heart Association [NYHA] functional class III or
IV) were excluded from this study. To maintain the clinic sys-
tolic blood pressure, a comparable antihypertensive dose of
efonidipine (36±2.3 mg once daily) was used when patients
were changed from amlodipine to efonidipine. Although the
use of other drugs was allowed, the doses of these agents were
not changed during the study period. The general condition of
each patient had been stable for more than 6 months prior to
the study.

In the outpatient clinic, resting heart rate was determined
from an electrocardiogram, and blood pressure measurements
were independently confirmed by attending physicians.
Blood sampling was performed before regimen modification
(at baseline) and 6 months after amlodipine was replaced by
efonidipine. Blood samples were assessed for serum potas-
sium and serum creatinine, plasma levels of neurohumoral
factors such as norepinephrine (NE), ALD and brain natri-
uretic peptide (BNP), and the plasma active renin concentra-
tion (PARC). The attending physicians were blinded to the
neurohumoral data. Informed consent was obtained from all
patients before participation in the study.

Measurement of Neurohumoral Factors

Blood samples were collected from the antecubital vein after
the subject had rested in a seated position for at least 20 min.
The time of blood sampling was 10 AM–12 AM. Blood was
centrifuged at 3,000 rpm for 15 min at 4°C, and the plasma
thus obtained was stored at −30°C until assay. The plasma
NE concentration was measured by high performance liquid
chromatography as soon as possible, while ALD levels were
measured using commercial radioimmunoassay kits (SPAC-S

aldosterone kit; TFB Company, Tokyo, Japan) within 1
month. The intra-assay and inter-assay coefficients of varia-
tion were 8.3% (n=10) and 3.2% (n=6) at 103 pg/mL,
respectively. The minimal detectable quantity was 10 pg/ mL.
This assay system did not cross-react with PARC, NE or
BNP. Cross-reactivity with spironolactone was <0.0004% on
a molar basis. Plasma concentrations of BNP were measured
with a specific immunoradiometric assay using a commercial
kit (Shionogi, Osaka, Japan) as previously reported (2, 18).

Statistical Analysis

All results are expressed as the mean±SEM. Univariate anal-
ysis was performed using Student’s t-test. Categorical data
were compared against a χ2 distribution. Differences in mean
PARC were tested for statistical significance using the
Kruskal-Wallis test, because the PARC was not normally dis-
tributed. Linear regression analysis was used to determine the
relationship between continuous variables. A p value <0.05
was regarded as significant.

Table 1. Baseline Characteristics of Subjects

Age (years) 67.4±1.0
Gender (male/female) 27:13
Hyperlipidemia (n (%)) 19 (47.5)
Diabetes mellitus (n (%)) 6 (15)
Coronary artery disease (n (%)) 10 (25)
Chronic heart failure (n (%)) 13 (32.5)
Etiology of chronic heart failure

Hypertensive heart disease (n (%)) 8 (20.0)
Previous myocardial infarction (n (%)) 5 (12.5)

Heart rate (beats/min) 72.0±1.3
Systolic blood pressure (mmHg) 138±2.2
Diastolic blood pressure (mmHg) 78.4±2.7
Serum creatinine (mg/dL) 0.77±0.03
Brain natriuretic peptide (pg/mL) 56.7±10.5
Active renin concentration (pg/mL) 29.8±7.4
Norepinephrine (pg/mL) 648±52.5
Aldosterone (pg/mL) 97.7±7.9
Potassium (mEq/L) 4.3±0.1
Baseline therapy

Dose of amlodipine (mg) 6.2±0.4
ACE-I (n (%)) 8 (20.0)
ARB (n (%)) 14 (35.0)
ACE-I or ARB (n (%)) 21 (52.5)
β-Blockers (n (%)) 12 (30.0)
Spironolactone (n (%)) 8 (20.0)
Loop diuretics (n (%)) 9 (22.5)
Digitalis (n (%)) 5 (12.5)
Statin (n (%)) 16 (40.0)

ACE-I, angiotensin-converting enzyme inhibitors; ARB, angio-
tensin receptor blockers.
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Results

Table 1 lists the characteristics of the subjects. The subjects
consisted of 40 patients with essential hypertension, including
13 patients with CHF (NYHA class I or II) due to ischemic
heart disease (n=5) or CHF due to hypertensive heart disease
(n=8). Concomitant therapy other than amlodipine was main-
tained for at least 6 months.

There were no significant changes in blood pressure after

the replacement of amlodipine by efonidipine, indicating that
the two drugs had almost equivalent hypotensive effects (Fig.
1). However, the heart rate was significantly decreased
(72.0±1.3 vs. 69.8±1.3 beats/min, p<0.01) after the replace-
ment of amlodipine by efonidipine (Fig. 1).

With respect to the effects of efonidipine on neurohumoral
factors, the plasma concentrations of NE and BNP and the
PARC did not change after replacement (Fig. 2). After the
replacement of amlodipine by efonidipine, the serum creati-
nine (0.77±0.03 vs. 0.77±0.03 mg/dL) and potassium level

Fig. 1. Changes in blood pressure (A) and heart rate (B) after amlodipine was replaced by efonidipine. A: Closed columns rep-
resent systolic blood pressure (SBP), and open columns diastolic blood pressure (DBP). AML, amlodipine; EFO, efonidipine.

Fig. 2. Changes in neurohumoral factors after amlodipine was replaced by efonidipine. BNP, brain natriuretic peptide; PRAC,
plasma active renin concentration; ALD, aldosterone; AML, amlodipine; EFO, efonidipine.
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(4.3±0.1 vs. 4.4±0.1 mEq/L) did not change, but the plasma
ALD level decreased significantly from 97.7±7.9 pg/mL to
79.7±5.6 pg/mL (p<0.0001) (Fig. 2). The changes in the
ALD level correlated with the baseline value of ALD before
replacement of amlodipine by efonidipine (r=−0.769,
p<0.0001, Fig. 3).

Twenty-one patients received concomitant treatments with
ACE-I or ARB at the baseline (Table 2). The plasma ALD
level was slightly but not significantly lower in patients who
also received ACE-I or ARB before the replacement of amlo-
dipine by efonidipine. Following the replacement of amlo-
dipine by efonidipine, plasma ALD levels decreased
significantly in patients with or without ACE-I or ARB treat-
ment (Fig. 4) and in patients with or without CHF (Fig. 5).

Discussion

Targeting ALD synthesis and release may be clinically
important in preventing cardiovascular disease (5, 8, 19–25).
Calcium ions are conveyed through the T-type calcium chan-
nel to the mitochondria, where they activate ALD synthesis,
which in turn stimulates T-type calcium channel expression
(26, 27), creating a positive feedback loop of ALD biosynthe-
sis in the adrenal cells. Recently, efonidipine, which is both a
T-type and an L-type calcium channel blocker, has been
shown to inhibit ALD synthesis and secretion in vitro (16). In
healthy humans, efonidipine has been shown to suppress
plasma ALD concentration (17). In the present study, substi-

tuting efonidipine for amlodipine in hypertensive subjects
had no significant effect on clinic blood pressure, but both the
heart rate and plasma ALD level were significantly
decreased. These findings indicate that at the effective antihy-
pertensive doses of efonidipine and amlodipine, efonidipine
acts as not only an L-type calcium channel blocker but also a
T-type calcium channel blocker in hypertensive patients.

T-type calcium channel blockers inhibit renin secretion and
renin gene expression in vivo, while L-type calcium channel
blockers act as stimulators of the renin system (28, 29). A
recent report suggested that amlodipine increased the plasma
renin concentration in patients with essential hypertension
(30). However, a T-type calcium channel blocker had a dual
effect on plasma renin activity and renin messenger RNA
expression in vivo, with the low concentration stimulating and
the high concentration inhibiting the renin system (31). Since
the inhibitory effect of T-type calcium channel blockers is
apparent in conscious rats in vivo but not in vitro, the effect of
T-type calcium channel blockers on PARC in comparison
with amlodipine remains controversial (28, 31). In the present
study, PARC did not change significantly; therefore, the
change in ALD may not have been due to the effect of renin
but rather to a direct inhibition of ALD secretion.

Recently, it has been clarified that ALD can directly dam-
age various organs, such as the heart and blood vessels, via
mineralocorticoid receptors, independent of changes in blood
pressure (5, 21, 24). In humans, it is suggested that hyperten-
sive incidents and organ damage may occur even at plasma
ALD levels within the normal range (5, 7, 32, 33). We previ-
ously reported that treatment with atrial natriuretic peptide
infusion could prevent left ventricular remodeling in patients
with myocardial infarction due to the suppression of plasma
ALD level (23, 25). Along with its heart rate reduction,
efonidipine may have additional cardiovascular protective
advantages over amlodipine, based on its decrease of the
plasma ALD level in CHF patients with hypertension in the
present study. A previous study suggested that T-type cal-
cium channel–mediated calcium influx was a primary compo-
nent of the mechanism mediating stimulation of ALD
secretion by angiotensin II (14). In the present study, plasma
ALD levels were significantly decreased in patients with or
without ACE-I or ARB treatment. Therefore, we considered
that the contribution of T-type calcium channels to stimula-
tion of ALD secretion by angiotensin II was probably limited.
However, it is difficult to clarify the details of this contribu-
tion in a pilot study; further investigations will be needed.

Blood pressure control is the most important component in
the management of patients with hypertension. In the present
study, we did not perform 24-h ambulatory blood pressure
monitoring, which is a more reliable index of blood pressure
control than clinic blood pressure (34). Therefore, further
studies are needed to compare ambulatory blood pressure data
between the two treatments. In the present study, changes
in the ALD level correlated with the baseline value of ALD
(Fig. 3). Although it remains to be clarified whether the

Fig. 3. Correlation between the baseline aldosterone (ALD)
level and the changes of the plasma ALD after the replace-
ment of amlodipine by efonidipine. Open circles represent
the patients who did not receive angiotensin-converting
enzyme inhibitor (ACE-I) or angiotensin receptor blocker
(ARB) and closed circles represent the patients who received
ACE-I or ARB. ALD, aldosterone; delta ALD, [ALD level
after efonidipine] − [ALD level before efonidipine].
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decrease in plasma ALD is associated with an improvement
of surrogate markers such as endothelial function or left ven-
tricular mass, efonidipine may have appears to have a benefi-

cial effect in hypertensive patients, particularly those with
high plasma ALD levels.

This pilot study showed that the clinical dose of efonidipine
could decrease heart rate, an independent risk factor for car-

Table 2. Comparisons of Baseline Characteristics between Patients Who Received ACE-I or ARB and Patients Who Did Not
Received ACE-I or ARB

ACE-I or ARB (−) 
(n=19)

ACE-I or ARB (+) 
(n=21)

p value

Age (years) 68.8±1.1 66.6 ±1.9 n.s.
Gender (male/female) 7:12 11:10 n.s.
Diabetes mellitus (n (%)) 1 (2.5) 4 (10) n.s.
Hyperlipidemia (n (%)) 5 (12.5) 13 (32.5) 0.03
Coronary heart disease (n (%)) 4 (10) 6 (15) n.s.
Chronic heart failure (n (%)) 4 (10) 9 (22.5) n.s.
Heart rate (beats/min) 74.3±1.6 72.7±3.0 n.s.
Systolic blood pressure (mmHg) 135±3.1 139±3.1 n.s.
Diastolic blood pressure (mmHg) 79.6±3.2 77.2±4.2 n.s.
Serum creatinine (mg/dL) 0.73±0.04 0.80±0.05 n.s.
Potassium (mEq/L) 4.3±0.1 4.3±0.1 n.s.
Brain natriuretic peptide (pg/mL) 32.3±5.1 78.7±18.4 0.026
Active renin concentration (pg/mL) 21.5±9.0 37.2±11.5 n.s.
Norepinephrine (pg/mL) 736±88.2 569±57.0 n.s.
Aldosterone (pg/mL) 108.6±10.2 86.4±11.1 n.s.
Dose of amlodipine (mg/day) 6.3±0.6 6.2±0.6 n.s.
Dose of efonidipine (mg/day) 36.8±4.4 33.3±2.1 n.s.
Concomitant therapy

Loop diuretics, (%) 3 (7.5) 6 (15) n.s.
β-Blockers, (%) 6 (15) 6 (15) n.s.

ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers.

Fig. 4. Changes in plasma aldosterone (ALD) levels after
amlodipine was replaced by efonidipine. Closed columns
represent patients who did not receive an angiotensin-con-
verting enzyme inhibitor (ACE-I) or angiotensin receptor
blocker (ARB) (n=19) and open columns represent patients
who received an ACE-I or ARB (n=21). ALD, aldosterone;
AML, amlodipine; EFO, efonidipine. *p<0.01, #p<0.05 vs.
the value during amlodipine administration.
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Fig. 5. Changes in plasma aldosterone (ALD) levels after
amlodipine was replaced by efonidipine. Closed columns
represent the hypertensive patients with chronic heart failure
(CHF) (n=13) and open columns represent the hypertensive
patients without CHF (n=27). ALD, aldosterone; AML,
amlodipine; EFO, efonidipine. *p<0.01, #p<0.05 vs. the
value during amlodipine administration.
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diovascular death in patients with hypertension (35), which is
consistent with previous reports (36). Moreover, the plasma
ALD level was decreased after the administration of efonid-
ipine, suggesting that efonidipine may be useful for blood
pressure control, especially in CHF patients with hyperten-
sion. T-type calcium channels are distributed in the sinoatrial
node and conduction system, but not in cardiac muscle in the
normal adult heart, and recent reports suggest that reexpres-
sion of the T-type calcium channel in the failing heart may
contribute to cardiac hypertrophy (37), remodeling after myo-
cardial infarction (38, 39), and the development of cardiomy-
opathy (40). Taken together with our findings, these facts
suggest that T-type calcium channel blockers such as efonid-
ipine may be useful for the management of hypertension in
patients with CHF. However, further studies are needed to
evaluate the cardiovascular effect over the long term.

This pilot study has several limitations. First, we longitudi-
nally evaluated differences in neurohumoral factors in the
same patients before and after replacement of amlodipine by
efonidipine to maintain the clinic systolic blood pressure,
which may influence neurohumoral factors. However, a par-
allel group design would have been more appropriate; there-
fore, further studies are needed to confirm our findings.
Finally, although we took blood samples after patients had
rested for at least 20 min in a seated position and the attending
physicians were blinded to the neurohumoral data, a single
measurement of plasma ALD may have limited value due to
the wide variation of this factor over time, and thus further
studies using daily evaluation of urinary ALD will be needed.

Conclusions

At the effective antihypertensive doses of efonidipine and
amlodipine, efonidipine induced significant decreases in
heart rate and plasma ALD level compared with amlodipine
treatment in hypertensive patients.
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