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Influence of nifedipine coat-core and amlodipine on
systemic arterial stiffness modulated by sympathetic
and parasympathetic activity in hypertensive patients

Michinari Fukuda1, Takashi Masuda1, Misao N Ogura1, Tatsumi Moriya2, Keiji Tanaka2, Kazuya Yamamoto3,
Akira Ishii3, Ryusuke Yonezawa4, Chiharu Noda4 and Tohru Izumi4

The aim of this study was to compare the effects of nifedipine coat-core (once daily formulation) and amlodipine on systemic

arterial stiffness in patients with hypertension. Study drugs were assigned by the randomized open-label crossover method. After

the blood pressure was maintained below 130/85mmHg for 8 months by treatment with either drug in 48 hypertensive patients

(aged 63.2±6.9 years; 64.5% men), they were switched to the other drug for another 8 months. The blood pressure, heart rate,

plasma catecholamine level and brachial-ankle pulse wave velocity were measured before and after a bicycle ergometer testing.

Heart rate recovery was calculated from the change of the heart rate after treadmill exercise testing. The high-frequency and

low-frequency components of the heart rate variability spectrum were analyzed from 24-h Holter electrocardiograms. The change

of blood pressure after exercise testing showed no significant difference between the two medications. However, the increases of

heart rate, noradrenalin and branchial-ankle pulse wave velocity after exercise were significantly smaller with nifedipine

treatment than with amlodipine (P¼0.0472, P¼0.006 and P¼0.0472, respectively). Heart rate recovery was significantly faster

with nifedipine treatment (P¼0.0280). The nighttime high-frequency component of heart rate variability was significantly larger

after nifedipine treatment than after amlodipine (P¼0.0259), while the nighttime low/high-frequency ratio was significantly

smaller with nifedipine (P¼0.0429). Nifedipine reduced functional arterial stiffness and improved heart rate recovery by altering

the autonomic activity balance in hypertensive patients.
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INTRODUCTION

It has been pointed out that autonomic activity are involved in the
development of a cardiovascular event due to arteriosclerosis.1,2 The
imbalance of autonomic activity induced by sympathetic and para-
sympathetic nervous action, in particular, is closely related with
arterial stiffness.3 Increased arterial stiffness may lead to overload on
the heart in terms of increases in heart rate (HR) and blood pressure
(BP), and adversely influences the prognosis of a patient.4–5 It is
important in the treatment of hypertension to avoid an undesirable
influence on the autonomic activity as well as to achieve strict BP
reduction. The brachial-ankle pulse wave velocity (Ba-PWV) is
currently used as an indicator of arterial stiffness,6,7 whereas the
spectral analysis of heart rate variability8,9 and measurement of plasma
catecholamines are methods of evaluating autonomic function. Long-
acting calcium channel blockers (CCBs) have been demonstrated to
prevent cardiovascular events in large-scale clinical trials,10,11 but it
remains unclear whether these drugs influence the arterial stiffness

and autonomic activity balance. It has also been reported that
dihydropyridine CCBs vary with respect to their antihypertensive
and antiatherogenic effects.12–14

This study was designed to compare the effects of long-acting
nifedipine (NIF) and amlodipine (AML), which are two CCBs com-
monly used to treat hypertension, on systemic arterial stiffness and
autonomic activity balance in Japanese patients with hypertension.

METHODS

Subjects
This study enrolled outpatients of Kitasato University Hospital from March

2004 to March 2006. The study was approved by the Ethics Committee of

Kitasato University Hospital, and written informed consent was obtained from

all patients after they received a detailed explanation of the study protocol.

Forty-eight patients with essential hypertension were enrolled by the continual

registration method. Essential hypertension was defined as the mean systolic

blood pressure (SBP)4140mmHg and/or diastolic blood pressure
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(DBP)490mmHg at the outpatient clinic on several visits, after a secondary

hypertension was ruled out. Inclusion criteria were sinus rhythm on an

electrocardiogram (ECG) and current treatment with antihypertensive agents.

Exclusion criteria were frequent extrasystoles, significant coronary stenosis,

unstable angina pectoris, prior myocardial infarction, heart failure, chronic

renal failure, or diabetes mellitus.

Treatments and study design
Using 20 or 40mg tablets of NIF and 2.5 or 5.0mg tablets of AML, the dosages

were set as follows: AML at 2.5mgday�1¼NIF at 20mgday�1 and AML at

5.0mgday�1¼NIF at 40mgday�1. This was done on the basis of previous

Japanese clinical studies indicating that these dosages have an equivalent

antihypertensive effect.15,16 The study was performed by the open-label cross-

over method.

Patients were randomized to the NIF-first group or AML-first group and

then took NIF or AML once daily after breakfast for 8 months. If other CCBs

were already being administered, those agents were switched to the study drug,

while administration of other non-CCB antihypertensive agents was continued

without changing the dosage. The dose titration period of each study drug was

for 2 months to achieve the target BP, which was less than 130/85mmHg. If the

target BP was not attained during the dose titration period by study drugs, the

patient was a dropout for the study. After the dosage was fixed, each treatment

was continued at that dose for 6 months (totally 8 months treatment period).

At the end of the first treatment period, exercise tests were done using a bicycle

ergometer and a treadmill to assess systemic arterial stiffness and exercise

tolerance, respectively, and measurement of biochemical variables was per-

formed. Then the patients were switched to the other study drug for a further 8

months, with exercise testing and laboratory studies being done in the same

manner at the end of the second treatment period.

Assessment of systemic arterial stiffness and heart rate recovery
Exercise testing was carried out with a bicycle ergometer (Well Bike BE-360,

Fukuda Denshi, Tokyo, Japan) at the end of each 8-month treatment period to

assess systemic arterial stiffness by measuring Ba-PWV (Omron Colin, Tokyo,

Japan). The BP, HR and Ba-PWV were measured two times in the supine

position, that is, after the patient had rested for 15min and also at 10min after

the exercise test (Figure 1). Then the changes from the baseline BP, HR and

Ba-PWV at rest to those determined after exercise were calculated (DBP, DHR

and DBa-PWV, respectively) and a functional arterial stiffness was assessed by

DBa-PWV,7 with a negative value indicating greater vascular compliance. The

bicycle ergometer exercise test was performed according to the following

protocol. After resting for 15min, patients started exercise on the ergometer

at 15 watts for 3min (warming-up period). Then the target HR was achieved

within 3min by increasing the workload and was maintained for another

10min (exercise period). The target HR was set at 75% of the maximum HR

measured during a treadmill exercise test performed according to the Bruce

protocol.17 After 10min of rest following 3min of cooling down, Ba-PWV was

re-measured. The 10-min period was enough time to allow the elevated

catecholamine levels due to exercise to return to normal.18,19 All patients were

instructed to pedal at 50 r.p.m. during the exercise test. HR and the ECG were

monitored continuously using a Stress Test system (ML-1800, Fukuda Denshi),

and BP was measured at 1-min intervals by the cuff method using an automatic

sphygmomanometer (FB-300, Fukuda Denshi).

Heart rate recovery (HRR) was assessed during a treadmill exercise test

(ML-6500, Fukuda Denshi) performed according to the Bruce protocol at the

end of the 8-month treatment period. It was calculated as the decrease of HR

from the maximum during the exercise test to that at 1min after completion,

and was used as an indicator of parasympathetic activity.20

Assessment of autonomic activity
A 24-h Holter ECG recording (FM-300, Fukuda Denshi) was obtained at the

end of each treatment period to assess the autonomic activity on the basis of

spectral analysis of heart rate variability. The variability of the R-R interval over

24h was analyzed with MemCalc software (MemCalc, Suwa Trust, Tokyo,

Japan) to obtain the low-frequency component (0.04–0.15Hz) and the high-

frequency component (0.15–0.4Hz) of the power spectrum (LF and HF,

respectively), as well as calculating entropy.21 The HF component of the power

spectrum is known to reflect parasympathetic activity, and the LF/HF ratio

indicates the balance between sympathetic and parasympathetic activity. The

average values of the HR, HF component, LF/HF ratio and entropy were

calculated over 24h, during the daytime (0800 to 1700hours) and during the

nighttime (0000 to 0600 hours). Then the daytime/nighttime ratios of these

parameters were calculated (HRtotal, HRday, HRnight, HRday/night, HFtotal, HFday,

HFnight, HFday/night, LF/HFtotal, LF/HFday, LF/HFnight, LF/HFday/night, Entropytotal,

Entropyday, Entropynight and Entropyday/night, respectively).

Plasma concentrations of noradrenalin (NORA) and adrenalin (ADRN),

plasma renin activity (PRA) and the plasma aldosterone level (ALDST) were

measured before and after the bicycle ergometer test that was performed to

assess Ba-PWV. Then the changes from the baseline NORA, ADRN, PRA and

ALDST to those after exercise were calculated (DNORA, DADRN, DPRA and

DBa-PWV, respectively) to determine the response of sympathetic activity to

exercise (Figure 1).

Investigation of cardiac and vascular endothelial function
The left atrial dimension (LAD), left ventricular end-diastolic dimension

(LVDd), left ventricular end-systolic dimension (LVDs), left ventricular ejection

fraction (LVEF) and left ventricular mass (LVM) were measured by echocar-

diography (Sonos 7500, Philips, Bothell, WA, USA) at the end of each 8-month

treatment period. LVM was calculated according to the formula of Devereux

and was adjusted for the body surface area.22 All echocardiographic measurements

were performed according to the recommendations of the American Society of

Echocardiography by an observer who was blinded to the biochemical data.23

Blood samples were obtained from an antecubital vein after an overnight fast for

measurement of the serum concentrations of brain natriuretic peptide (BNP), von

Willebrand factor (vWF), thrombomodulin and high sensitivity C-reactive

protein (hs-CRP) at the end of each treatment period.

Statistical analysis
This was a randomized open crossover study in which NIF coat-core was

switched to AML or vice versa. The primary end points were Ba-PWV and the

15 W, 3 min. 15 W, 3 min.

BP, HR, Ba-PWV,
NORA, ADRN,
PRA, ALDOST

BP, HR, Ba-PWV,
NORA, ADRN,
PRA, ALDOST

Rest 15 min.

Warming-up Cooling-down

Rest 10 min.

75% maximum HR
10 min.Ramp

3 min

Figure 1 Exercise protocol for assessment of functional arterial stiffness. Exercise testing was performed with a bicycle ergometer (3-min warming-up period,

13-min exercise period and 3-min cooling-down period). The target heart rate (HR) was maintained for 10 min during the exercise period, and was set at

75% of the maximum HR reached during a treadmill exercise test using the Bruce protocol. BP: blood pressure, HR: heart rate, Ba-PWV: brachial-ankle

pulse wave velocity, NORA: noradrenalin, ADRN: adrenalin, PRA: plasma renin activity, ALDOST: aldosterone.
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levels of NORA and ADRN after the exercise test. Data were assessed by analysis

of variance, including the terms sequence, treatment period, study drug and

patient. Results are reported as the mean±s.d. Comparisons of parameters

between the two study drugs are also presented as differences between the drugs

together with 95% confidence intervals. The paired t-test (two-tailed) was used

to compare differences between other variables (LF, HF, Entropy, HRR, BNP,

LVEF, LVMI, hs-CRP, vWF, etc.) measured during each treatment period. All

statistical analyses were performed with SPSS 12.0J software (SPSS Japan,

Tokyo), and Po0.05 was accepted as indicating significance.

RESULTS

The baseline characteristics of the patients are summarized in Table 1.
The mean age of the patients was 63.2±6.9 years and they consisted of
31 men and 17 women. Dyslipidemia was detected in 36.7% of the
patients and 30.0% were smokers. The average daily doses of NIF and
AML were 30.6±13.1mg and 4.5±1.8mg, respectively, at the time
when the target BP (o130/85mmHg) was achieved. The other
antihypertensive drugs used concomitantly were angiotensin II
receptor blockers (53.3%), angiotensin-converting enzyme inhibitors
(10.0%), b-blockers (40.0%), a-blockers (10.0%) and diuretics
(23.3%). At the outpatient clinic, the average SBP/DBP and HR
after treatments by AML or NIF were 125.3±6.7/67.0±6.6mmHg,
67.8±7.9 beatsmin�1, or 124.7±6.9/66.5±7.1mmHg, 66.6±8.0
beatsmin�1, respectively.
The values of BP, HR, Ba-PWVand neurohumoral factors measured

before and after the bicycle ergometer exercise test are shown in

Table 2. There were no significant differences of SBP and DBP before
or after exercise between the two treatments. According to analysis of
variance, there was no influence of the sequence and treatment period.
Although no significant differences of baseline HR, Ba-PWV and
neurohumoral factors were also shown between the two medications,
there were significantly lower HR, Ba-PWV, NORA and PRA after the
exercise test following NIF treatment compared with after AML
treatment (P¼0.0472, P¼0.0433, P¼0.0006 and P¼0.0082, respec-
tively).
The changes of HR and Ba-PWVafter the bicycle ergometer exercise

test are shown in Figure 2. The increase of DHR was significantly
smaller with NIF treatment than with AML treatment (P¼0.0472).
DBa-PWV were increased with AML treatment but decreased with
NIF treatment (P¼0.0433).
The changes of NORA, ADRN, PRA and ALDST after bicycle

ergometer exercise are shown in Figure 3. The increase of DNORA
and DPRA were significantly smaller in NIF treatment than in AML
treatment (P¼0.0006 and P¼0.0093, respectively). There were no
significant differences of DADRN or DALDST between the two
medications.
The HR, HF component, LF/HF ratio and entropy over 24 hours, as

well as during the daytime and nighttime, are listed in Table 3.
Significantly lower HRnight and higher HRday/night were observed
during NIF treatment compared with AML treatment (P¼0.0105
and P¼0.0083, respectively), although HRtotal showed no significant
difference between the two medications. Significantly higher HFnight
and lower HFday/night values were observed during NIF treatment
compared with AML treatment (P¼0.0259 and P¼0.0374, respec-
tively). Significantly lower LF/HFnight and higher LF/HFday/night values
were also found with NIF treatment than with AML treatment
(P¼0.0429 and P¼0.0166, respectively). Both entropytotal and entro-
pynight showed significantly higher values during NIF treatment than
during AML treatment (P¼0.0404 and P¼0.0358, respectively).
The HRR and cardiac function parameters are summarized in

Table 4. Both HRR and LVEF were significantly greater during NIF
treatment than during AML treatment (P¼0.0280 and P¼0.0427,
respectively). In contrast, BNP and LVMI values were significantly
smaller with NIF treatment than with AML treatment (P¼0.0418).
Parameters of vascular endothelial function and inflammation are

displayed in Figure 4. Both hs-CRP and vWF were significantly lower
with NIF treatment than with AML treatment (P¼0.0382 and
P¼0.0263, respectively).

DISCUSSION

Although there is abundant evidence that long-acting Ca antagonists
can improve the prognosis of patients with cardiovascular dis-
ease,10,11,24 it remains unclear how these drugs correct prognostic
factors. This study showed that NIF significantly suppressed the
increase of HR and decreased Ba-PWV25 after exercise in hypertensive
patients. It is well known that Ba-PWV reflects arterial stiffness more
accurately in assessment of arterial pulse-wave velocity.26,27 Although
the antihypertensive effect of NIF was similar to that of AML, its
influence on Ba-PWV was significantly stronger. Factors that increase
arterial stiffness include hypertension, glucose intolerance, hypercho-
lesterolemia and oxidative stress.28 Arterial stiffness also increases
when sympathetic activity is enhanced,3 and such an increase is
especially noted during exercise. To clarify the reason why the
exercise-related increase of arterial stiffness was suppressed by NIF
treatment, we investigated differences in the influence of NIF and
AML on heart rate variability and neurohumoral factors. As a result,
we found that the HF component (an indicator of parasympathetic

Table 1 Baseline characteristics of the patients

Number of patients (male/female) 48 (31/17)

Age (years) 63.2±6.9 (44–75)

Weight (kg) 64.2±9.9

BMI (kg m�2) 24.6±2.9

Complications (%)

Dyslipidemia 36.7

Smoking 30.0

Brood pressures (SBP/DBP)

NIF 124.7±6.9/66.5±7.1

AML 125.3±6.7/67.0±6.6

Heart rate (b.p.m.)

AML 67.8±7.9

NIF 66.6±8.0

Average dose (mgday�1)

NIF 30.6±13.1

AML 4.5±1.8

Treatment period (months)

NIF 8.9±1.5

AML 8.6±1.6

Other medications (%)

ARB 53.3

ACEi 10.0

b-blocker 40.0

a-blocker 10.0

Diuretics 23.3

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; AML, amlodipine; ARB,
angiotensin II receptor blocker; BMI, body mass index; b.p.m., beats per minute; DBP, Diastolic
Blood Pressure; NIF, nifedipine coat-core; SBP, Systolic Blood Pressure.
Data are expressed as the mean±s.d.
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Table 2 Variables before and after exercise testing

Variable
Pre-exercise Post-exercise

Difference 95% CI P-value*

AML NIF AML NIF

SBP (mm Hg) 130.7±10.9 129.8±10.0 131.5±13.0 130.3±12.1 �1.2 B�4.911 to 2.522 0.5219

DBP (mm Hg) 77.2±7.4 77.4±6.5 79.1±8.1 77.1±7.5 �2.0 B�3.899 to �0.101 0.0419

HR (beatsmin�1) 62.4±10.4 64.2±10.1 71.3±8.8 69.1±9.1 �2.2 B�4.278 to �0.055 0.0472

Ba-PWV 1603±342 1604±331 1623±379 1564±310 �59.2 B�116.000 to �2.354 0.0433

NORA (pg ml�1) 604.5±246.4 605.3±237.6 751.6±205.1 625.5±185.3 �126.1 B�194.300 to �57.900 0.0006

ADRN (pg ml�1) 52.6±31.4 51.1±31.7 60.0±36.4 58.5±44.3 �1.5 B�12.620 to 9.675 0.7847

PRA (ngml�1 h�1) 2.4±3.5 2.4±3.1 3.4±4.0 2.0±2.5 �1.4 B�2.346 to �0.393 0.0082

ALDOST (pg ml�1) 92.1±35.0 93.6±33.5 97.2±39.9 90.2±37.5 �7.0 B�21.100 to 7.097 0.3093

Abbreviations: ADRN, adrenalin; ALDOST, aldosterone; AML, amlodipine; Ba-PWV, brachial-ankle pulse wave velocity; DBP, diastolic blood pressure; HR, heart rate; NIF, nifedipine coat-core; NORA,
noradrenalin; PRA, plasma renin activity; SBP, systolic blood pressure.
Data are expressed as the mean±SD. *P-values: AML vs. NIF after exercise by ANOVA.
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activity) was larger and the LF/HF ratio (an indicator of sympathetic
activity) was smaller during NIF treatment than during AML
treatment. In addition, the increase of entropy was significantly
more marked during both daytime and nighttime when patients
were receiving NIF than with AML treatment. Entropy is an indicator
of the balance of autonomic activity, and an increase of entropy
suggests appropriate regulation of autonomic function.29 Nocturnal
hypertension is one form of masked hypertension, and it is recognized

as an important risk factor for stroke and other cardiovascular events.
At night, parasympathetic activity should be dominant and reduce the
blood pressure, but sympathetic activity still tends to be dominant in
hypertensive patients even in the nighttime. Our findings suggested
that NIF may improve the autonomic activity balance compared with
the action of AML. This study also showed that DNORA and DPRA
were significantly smaller after exercise during NIF treatment than
during AML treatment. Champlain et al.30 compared the effects of
AML and NIF in patients with essential hypertension, and reported
that the HR and NORA were significantly increased during the latter
part of a 6-month treatment period with AML relative to the early
part, whereas NORA was significantly reduced during NIF treatment.
Our results support those findings and suggest that the significant
reduction of DBa-PWVobserved during NIF treatment is attributable
to the improvement of systemic arterial stiffness secondary to correc-
tion of the imbalance of autonomic activity. The influence of NIF and
AML on HRR, another prognostic factor, was also assessed in this
study. Delayed recovery of the heart rate indicates suppression of
parasympathetic activity after exercise,31,32 whereas rapid recovery is
considered to be an indicator of a good prognosis in patients with
coronary artery disease.33 Our results showed that HRR was signifi-
cantly faster during NIF treatment than during AML treatment,
suggesting that NIF had a more favorable influence on parasympa-
thetic activity than AML.
This study also demonstrated significant improvement of left

ventricular hypertrophy along with a decrease of BNP during NIF
treatment compared with AML treatment. Cardiac hypertrophy has
been reported to progress as a result of reduced nighttime parasym-
pathetic activity,34,35 so our finding that the nighttime HF component
was larger during NIF treatment than during AML treatment may be
associated with the inhibitory effect of NIF on ventricular hypertrophy.
The results of 24-h Holter monitoring showed an increase of

nighttime parasympathetic activity during NIF treatment compared
with AML treatment. Taken together with the difference of HRR after
daytime exercise, it seems that NIF rather prevents suppression of
parasympathetic activity at night when it should be dominant and
improves arterial stiffness by normalizing the autonomic activity
balance.
AML and NIF have different effects on sympathetic and parasym-

pathetic activity for the following reasons. First, AML is a highly
lipophilic drug with a much higher affinity for cardiac and vascular
cell membranes than other dihydropyridines.36 Because AML sub-

Table 3 Heart rate variability parameters

AML NIF P-value

24-Hour

HR (beatsmin�1) 67.66±8.50 65.77±9.66 0.2250

LF (ms2) 503.58±615.51 364.40±421.38 0.0915

HF (ms2) 193.95±164.04 210.26±192.14 0.5090

LF/HF 2.81±1.76 2.43±1.89 0.2479

Entropy 34.51±8.34 39.26±11.22 0.0404

Daytime

HR (beatsmin�1) 69.31±7.48 69.64±7.75 0.8892

LF (ms2) 431.35±485.76 396.45±526.98 0.9071

HF (ms2) 178.68±154.75 178.92±132.29 0.7539

LF/HF 2.95±2.31 2.91±2.69 0.8910

Entropy 34.85±11.08 38.50±14.67 0.1206

Nighttime

HR (beatsmin�1) 66.98±8.76 61.83±10.17 0.0105

LF (ms2) 542.35±725.28 319.89±344.99 0.0133

HF (ms2) 170.37±143.72 253.40±224.29 0.0259

LF/HF 3.36±2.79 2.21±2.18 0.0429

Entropy 33.60±9.21 37.87±10.24 0.0358

Daytime/Nighttime

HR 1.05±0.13 1.15±0.20 0.0083

LF 1.14±0.78 1.29±0.72 0.3366

HF 1.08±0.43 0.88±0.39 0.0374

LF/HF 1.05±0.57 1.86±1.74 0.0166

Entropy 1.08±0.34 1.04±0.36 0.6472

Abbreviations: AML, amlodipine; LF and HF, low (0.04–0.15 Hz) and high (0.15–0.4 Hz)
frequency components, respectively; NIF, nifedipine coat-core. Daytime and nighttime were from
0800 to 1700 hours and from 0000 to 0600 hours, respectively.
Data are expressed as the mean±s.d. P-values: AML vs. NIF by the paired t-test.

Table 4 Heart rate recovery and cardiac function parameters

Variable AML NIF P-value

HRR (beats min�1) 25.3±8.3 29.6±8.6 0.0280

BNP (pg ml�1) 27.9±17.3 9.7±15.9 0.0418

LVEF (%) 64.9±4.1 66.7±4.1 0.0427

LVMI (gm�2) 129.3±28.8 120.7±25.5 0.0504

LAD (mm) 40.7±4.6 39.1±5.1 0.0439

LVDd (mm) 49.8±4.7 48.7±4.9 0.0580

LVDs (mm) 30.1±4.8 28.8±4.9 0.0337

PWTH (mm) 9.8±1.2 9.5±1.2 0.1648

IVST (mm) 10.1±1.4 9.9±1.5 0.5603

Abbreviations: AML, amlodipine; BNP, brain natriuretic peptide; HRR, heart rate recovery; IVST,
interventricular septal thickness; LAD, left atrial dimension; LVDd, left ventricular end-diastolic
dimension; LVDs, left ventricular end-systolic dimension; LVEF, left ventricular ejection fraction;
LVMI, left ventricular mass index; NIF, nifedipine coat-core; PWTH, posterior left ventricular
wall thickness.
Data are expressed as the mean±s.d. P-values: AML vs. NIF by the paired t-test.
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stantially inhibits Ca channel activity for a long period, it is possible
that long-term AML treatment could lead to excessive suppression of
vascular compliance so that the vessels no longer respond properly to
autonomic regulation. Testa and colleagues37 found that AML treat-
ment had a negative influence on perceived general health, vitality and
sleep compared with nifedipine GITS when they surveyed health-
related quality of life in hypertensive patients. The controlled-release
preparation used in this study maintains an adequate plasma con-
centration of nifedipine,38 which presumably results in appropriate
autonomic regulation of the cardiovascular system. Secondly, our
study demonstrated that NIF treatment significantly reduced the levels
of hs-CRP and vWF compared with AML, and it suggested that NIF
treatment may improve the vascular endothelial function. These
findings are supported by reports that NIF has stronger anti-inflam-
matory activity39 and stronger anti-atherosclerotic effects including an
antioxidant action40,41 than other CCBs. Recently, the ENCORE study
from Europe42 demonstrated that long-acting nifedipine GITS
improves acetylcholine sensitivity in patients with coronary artery
disease, suggesting that NIF treatment could also improve vascular
endothelial function.

Study limitations
There are some limitations also on this study as follows: (1) The
sample size was not calculated statistically, because the study was
exploratory. (2) We have observed the effects of either NIF or AML on
arterial stiffness and autonomic balance by measuring of 24-h circa-
dian dynamic change of autonomic activities on 24-h Holter ECG,
because the office blood pressures of both drugs were equivalent. We
also need to examine nocturnal blood pressure in both drugs by using
ambulatory blood pressure monitoring. (3) All of the recruited
patients were already treated with any of the CCBs. We could not
perform ergometer exercise for baseline measurement after washout of
treating CCBs because of the ethical reason. (4) This study did not
show the relationship between the improvement of autonomic imbal-
ance and the change of arterial stiffness directly, because both were not
measured simultaneously.
Even there are limitations in this study as written above, our results

may propose the following hypothesis, which is expected to be proven
by further studies.
In conclusion, both NIF and AML controlled the BP well in

hypertensive patients without inducing excessive activation of sympa-
thetic nervous system, and in addition, NIF improved systemic arterial
stiffness by correcting the imbalance of autonomic activity. Further-
more, our results suggested that NIF had a superior anti-inflammatory
effect and improved vascular endothelial function compared
with AML.
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