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Aims

 

Nifedipine is a short-acting calcium antagonist formulated into several different oral
preparations, each of which may have different effects on haemodynamics and
autonomic nervous function. We compared the effects of nifedipine controlled-release
(CR) and nifedipine retard on 24-h blood pressure, heart rate, rate–pressure product,
and power spectral measures of heart rate variability in patients with essential
hypertension.

 

Methods

 

After 4 weeks of a drug-free period, 25 patients were randomized to receive either
once-daily treatment with nifedipine CR (20–40 mg daily; 12 patients) or twice-daily
treatment with nifedipine retard (20–40 mg daily; 13 patients) for 12 weeks. The
ambulatory blood pressure, heart rate, and ECG R–R intervals were measured during
a 24-h period using a portable recorder (TM-2425) at the end of the drug-free and
the treatment periods. A power-spectral analysis of R–R intervals was per formed to
obtain the low-frequency (LF) and high-frequency (HF) components.

 

Results

 

Nifedipine CR and nifedipine retard reduced 24-h blood pressure significantly by
15.9 

 

±

 

 3.2 (SE)/8.7 

 

±

 

 1.4 mmHg and by 10.9 

 

±

 

 2.8/9.4 

 

±

 

 1.7 mmHg, respectively,
after the 12-week treatment. Nifedipine CR did not change the 24-h heart rate sig-
nificantly, while nifedipine retard increased it significantly by 3.9 

 

±

 

 2.1 beats min

 

-

 

1

 

.
Nifedipine CR produced a significant reduction in rate–pressure product throughout
a 24-h period, while nifedipine retard did not change the rate–pressure product
significantly. In addition, nifedipine retard significantly decreased the 24-h and daytime
average values of the LF and HF components, while nifedipine CR affected the
nighttime LF component alone and did not change the HF component throughout a
24-h period.

 

Conclusions

 

These results demonstrate that both nifedipine CR and nifedipine retard are effective
as antihypertensive agents, but nifedipine CR has less influence on the autonomic
nervous system and heart rate than nifedipine retard.
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Introduction

 

Much debate has recently taken place regarding the rela-
tion between the short-acting calcium antagonists of
dihydropyridines and the risk of myocardial infarction
[1, 2]. Short-acting calcium antagonists cause an
increase in sympathetic nerve activation and reflex
tachycardia [3]. Increased sympathetic tone may repre-
sent one of the ‘pressure-independent’ coronary risk
factors in hypertensive patients [4, 5]. Moreover, the
clinical utility of the short-acting calcium antagonists is
limited by the incidence of unfavourable side-effects
such as headache, flushing, dizziness and palpitations.
It is thought that such side-effects are caused by the
acute vasodilatation and reflex activation of the sympa-
thetic nervous system [6]. A certain degree of success
has been achieved in reducing the incidence of such
adverse effects by the use of slow-release formulations
such as nifedipine retard. However, side-effects still
occur with sufficient frequency to cause unfavourable
effects in a significant number of patients compared
with long-acting dihydropyridines such as amlodipine
[7].

Nifedipine controlled-release (CR), a long-acting
once-daily formulation of nifedipine, has a polymer
matrix delivery system composed of a slow-release coat
and a fast-release core and has recently become avail-
able in Japan [8]. The dissolution rates for the two layers
are different, with the outer layer dissolving at a slower
rate than the internal layer. This allows the plasma nife-
dipine concentration to remain relatively stable over
24 h. Therefore, nifedipine CR is expected to cause less
activation of the sympathetic nervous system than nife-
dipine retard.

In the present study, we compared the effects of once-
daily nifedipine CR and twice-daily nifedipine retard on
24-h blood pressure (BP), heart rate, and autonomic
nerve activity in hypertensive patients. Autonomic nerve
activity was evaluated non-invasively by a power spec-
tral analysis of heart rate variability.

 

Methods

 

Patients

 

Twenty-seven outpatients with essential hypertension
(age, mean 53.0 

 

±

 

 1.5 years, range 39–69 years; 15
males and 12 females) participated in this study.

Written informed consent was obtained from all
patients after a detailed explanation of the study proto-
col. The study protocol was approved by the Ethics
Committee of Dokkyo University School of Medicine.
The patients had systolic BP >150 mmHg, diastolic BP
>90 mmHg, or both on at least three occasions at the

outpatient clinic. Secondary causes of hypertension
were ruled out through a comprehensive checkup
including medical history, physical findings, urinalysis,
blood chemistry, and endocrinological and radiological
examinations when needed. All patients showed normal
renal function as judged by the endogenous creatinine
clearance. According to the World Health Organization
criteria for organ damage, all patients were classified as
having stage I (

 

n

 

 = 4) or II (

 

n

 

 = 23) hypertension. Sev-
enteen patients were taking antihypertensive medication
which consisted mainly of calcium antagonists or angio-
tensin-converting enzyme inhibitors, while the other 10
patients were newly diagnosed as having essential
hypertension and had not received prior treatment.

 

Study protocol

 

After completing the 4-week drug-free period, patients
were randomly assigned to the nifedipine CR or nife-
dipine retard group. Patients assigned to the nifedipine
CR group received 20 mg orally once daily for 4 weeks.
Patients assigned to the nifedipine retard group received
10 mg orally twice daily for 4 weeks. Doses were
increased to nifedipine CR 40 mg once daily or nife-
dipine retard 20 mg twice daily if BP was not adequately
controlled after the initial 4-week treatment period.
Each treatment period lasted for 12 weeks. Nifedipine
CR was administered orally once daily between 07.00 h
and 09.00 h after breakfast, and nifedipine retard was
administered orally twice daily between 07.00 h and
09.00 h and between 18.00 h and 20.00 h after food.
Patients visited our outpatient clinic every 4 weeks dur-
ing the study period. At each visit, systolic and diastolic
BPs were measured twice using a mercury sphygmoma-
nometer with the patient in the sitting position. At the
end of the drug-free and treatment periods, monitoring
of the 24-h ambulatory BP and electrocardiogram was
carried out.

 

Twenty-four hour ambulatory blood pressure measurement

 

The 24-h ambulatory BP was monitored every 30 min
using the cuff-oscillometric device, TM-2425 (A&D
Co., Tokyo, Japan). This device satisfied the criteria of
the Association for the Advancement of Medical Instru-
mentation (AAMI) and British Hypertension Society
(BHS) [9]. The usefulness of this recorder in clinical
hypertension research was previously reported [6, 9–
13]. The patients were asked to carry the device for 26 h,
and the first 2 h of recordings made at or near the hos-
pital were omitted from the later analysis. The ambula-
tory monitoring was performed during an average
working day. The daytime and nighttime BPs were
defined as the average values in the awake period
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between 07.00 h and 21.59 h and in the sleeping period
between 22.00 h and 06.59 h, respectively. The same
device was used in each individual for the entire proto-
col to avoid different BP readings caused by different
recorders. To minimize the effect of the patients’ phys-
ical activities on BP, the ambulatory BP monitoring was
performed on the same day of the week. In the present
study, the product of heart rate and systolic BP (rate–
pressure product; heart rate · systolic BP · 10

 

-

 

2

 

) was also
calculated from the ambulatory data. The rate–pressure
product was reported to be the index which best corre-
lates with myocardial oxygen consumption [14].

 

Power spectral analysis of R–R intervals

 

The ambulatory BP recorder used in this study, TM-
2425, can also monitor the R–R interval of the elec-
trocardiogram. The procedures of the power spectral
analysis of R–R intervals in this device were previously
reported in detail [13].

Briefly, electrocardiogram tracings were obtained
with a pericardial lead (V

 

5

 

). All R–R intervals were
recorded at a resolution of 7.8 ms throughout a 24-h
period. Ectopic beats or artefacts were excluded auto-
matically. After these procedures, spectral R–R interval
variability was computed with the autoregressive model
from every 5-min block over a 24-h period. The Hz
range of 0.05–0.15 was computed as the low-frequency
(LF) component, which is an index of both sympathetic
and parasympathetic nerve activities [15]. The Hz range
of 0.15–0.40 was computed as the high-frequency (HF)
component, which reflects exclusively parasympathetic
nerve activity [16]. The ratio of the LF to the HF com-
ponent was also calculated.

 

Statistical analysis

 

Values are summarized where appropriate as means 

 

±

 

SE. The Fisher’s exact test or the paired or unpaired
Student’s 

 

t

 

-test was employed where appropriate with a
statistically accepted significance at 

 

P

 

 < 0.05. For the
comparisons of power spectral densities, the naturally
logarithmic values, i.e. ln (the LF component), ln (the
HF component), or ln (the ratio of the LF to the HF
component), were used to normalize the skewness of the
data [17].

 

Results

 

Of 27 patients, 13 were assigned to the nifedipine CR
group and the other 14 to the nifedipine retard group.
Two patients withdrew from the study due to adverse
effects. One patient experienced dizziness and chest dis-

comfort during the treatment period with nifedipine CR,
and the other experienced facial flushing during the
treatment period with nifedipine retard. The baseline
characteristics of the 25 patients who completed the
study are shown in Table 1. There were no significant
differences in age, sex distribution, height, body weight,
or body mass index between the nifedipine CR and
nifedipine retard groups.

In the nifedipine CR group, office BP during the drug-
free period was 159.0 

 

±

 

 2.8/98.2 

 

±

 

 1.3 mmHg, with a
significant reduction at the end of the treatment period
of 131.0 

 

±

 

 3.4/81.8 

 

±

 

 2.7 mmHg {

 

-

 

17.4% [95% confi-
dence interval (CI) 

 

-

 

22.3, 

 

-

 

12.4; 

 

P

 

 < 0.01]/

 

-

 

16.4%
(95% CI 

 

-

 

22.4, 

 

-

 

10.5; 

 

P

 

 < 0.01)}. In the nifedipine
retard group, office BP during the drug-free period was
155.4 

 

±

 

 2.8/100.0 

 

±

 

 2.6 mmHg, with a significant
reduction at the end of the treatment period of 136.5 

 

±

 

2.5/88.5 

 

±

 

 2.3 mmHg [

 

-

 

12.0% (95% CI 

 

-

 

15.0, 

 

-

 

9.0;

 

P

 

 < 0.01)/

 

-

 

11.3% (95% CI 

 

-

 

14.2, 

 

-

 

8.5; 

 

P

 

 < 0.01)]. No
significant differences in BP were found between the
two groups at the end of the drug-free period or at the
end of the treatment period. The mean doses of nife-
dipine CR and nifedipine retard were 30.0 

 

±

 

 3.0 mg
day

 

-

 

1

 

 and 30.8 

 

±

 

 2.9 mg day

 

-

 

1

 

, respectively, at the end
of the treatment period (

 

P =

 

 NS).
Figure 1 depicts the 24-h trendgram of BP and heart

rate of the drug-free and treatment periods in the two
groups. Table 2 lists the average values of BP, heart rate
and the rate–pressure product for the entire 24-h period,
the daytime and the nighttime, in the two groups. Both
nifedipine CR and nifedipine retard significantly low-
ered the systolic and diastolic BP during the daytime
and the nighttime. The decreases in the 24-h BPs were

 

-

 

15.9 

 

±

 

 3.2 (95% CI 

 

-

 

22.0, 

 

-

 

9.7)/

 

-

 

8.7 

 

±

 

 1.4 (95% CI

 

-

 

11.4, 

 

-

 

6.1) mmHg during the treatment period with
nifedipine CR and 

 

-

 

11.1 

 

±

 

 2.8 (95% CI 

 

-

 

16.7, 

 

-

 

5.5)/

 

-

 

9.4 

 

±

 

 1.7 (95% CI 

 

-

 

12.8, 

 

-

 

6.0) mmHg during the
treatment period with nifedipine retard. No significant

 

Table 1

 

Baseline characteristics of patients

 

Nifedipine CR
Nifedipine
tetard P

 

Age (years) 55.4 

 

± 

 

2.6 51.3 

 

± 

 

2.0 NS
Males/females 6 : 6 8 : 5 NS
Height (cm) 160.1 

 

± 

 

2.1 162.8 

 

± 

 

2.3 NS
Body weight (kg) 65.0 

 

± 

 

3.1 67.7 

 

± 

 

3.6 NS
Body mass index (kg m

 

-

 

2

 

) 25.3 

 

± 

 

0.9 25.4 

 

± 

 

0.9 NS
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differences in BP were found between the two groups
at the end of the drug-free period or at the end of the
treatment period. With regard to HR, nifedipine CR did
not change the heart rate during the daytime or during
the nighttime. In contrast, nifedipine retard significantly
increased the 24-h average heart rate [+ 3.9 

 

±

 

 2.1
beats min

 

-

 

1

 

 (95% CI 

 

-

 

0.3, 8.1; 

 

P

 

 < 0.05)] and the day-

time heart rate [+ 4.3 

 

±

 

 1.9 beats min

 

-

 

1

 

 (95% CI 0.5, 8.1;

 

P

 

 < 0.05)], although such a change was not significant
during the nighttime. Nifedipine CR significantly
decreased the 24-h average and the daytime rate–pres-
sure product (

 

P <

 

 0.01 for each), while nifedipine retard
did not change the rate–pressure product significantly
during the daytime or during the nighttime.

Figure 2 depicts the 24-h trendgram of the LF com-
ponent, the HF component and the ratio of the LF to the
HF component of the drug-free and treatment periods in
the two groups, and Table 3 lists the average values for

 

Figure 1

 

Twenty-four-hour trendgram of blood pressure (A) and heart rate (B) at 

the end of the drug-free period (

 

�

 

) and the treatment period (

 

�

 

) in 

patients treated with once-daily nifedipine controlled-release (CR) and in 

 

patients treated with twice-daily nifedipine retard
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Figure 2

 

Twenty-four-hour trendgram of the low-frequency (LF) component (A), the 

high-frequency (HF) component (B), and the ratio of the LF to the HF 

component (LF/HF) (C) at the end of the drug-free period (�) and the 

treatment period (�) in patients treated with once-daily nifedipine 

controlled-release (CR) and in patients treated with twice-daily nifedipine 

retard
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the 24-h period, the daytime and the nighttime, in the
two groups. Nifedipine retard significantly decreased
the 24-h average and the daytime HF component (each
for P < 0.05), while nifedipine CR did not change the

HF component significantly during the daytime or the
nighttime. Neither nifedipine CR nor nifedipine retard
changed the ratio of the LF to the HF component sig-
nificantly during the daytime or the nighttime.

Table 2
Blood pressure and heart rate during the drug-free and treatment periods

Drug-free
period

Nifedipine CR
Treatment
period

Difference
(95% CI)

Drug-free
period

Nifedipine retard
Treatment
period

Difference
(95% CI)

24-h
Systolic BP, mmHg 149.3 ± 3.0 133.4 ± 2.6*** -22.0, -9.7 150.8 ± 3.7 139.7 ± 4.0*** -16.7, -5.5
Diastolic BP, mmHg 90.6 ± 1.5 81.8 ± 1.6*** -11.4, -6.1 95.6 ± 3.1 86.2 ± 2.4*** -12.8, -6.0
Heart rate, beats min-1 70.6 ± 1.3 71.4 ± 1.6 -2.5, 4.2 70.5 ± 1.8 74.4 ± 2.4* -0.3, 8.1
RPP, mmHg·beats min-1·10-2 106.0 ± 2.8 95.9 ± 3.0*** -15.4, -4.8 106.8 ± 3.5 104.6 ± 4.2 -8.2, 3.8

Daytime (07.00–21.59 h)
Systolic BP, mmHg 155.1 ± 3.6 139.0 ± 2.6*** -22.6, -9.7 156.7 ± 3.9 147.9 ± 4.2*** -14.3, -3.3
Diastolic BP, mmHg 94.3 ± 1.7 85.2 ± 1.7*** -12.1, -6.1 99.3 ± 3.5 91.3 ± 2.9*** -11.7, -4.3
Heart rate, beats min-1 74.8 ± 1.7 75.1 ± 1.7 -3.5, 4.2 74.5 ± 2.2 78.8 ± 2.6**  0.5, 8.1
RPP, mmHg·beats min-1·10-2 116.3 ± 3.6 104.5 ± 2.7** -18.2, -5.5 116.7 ± 4.3 116.7 ± 5.3 -6.2, 6.1

Nighttime (22.00–06.59 h)
Systolic BP, mmHg 139.6 ± 2.5 124.1 ± 3.4*** -23.0, -7.8 140.9 ± 3.9 126.1 ± 4.8*** -22.3, -7.2
Diastolic BP, mmHg 84.2 ± 1.5 76.1 ± 1.8*** -11.2, -5.0 89.3 ± 2.7 77.6 ± 2.2*** -15.4, -8.0
Heart rate, beats min-1 63.6 ± 1.3 65.2 ± 2.1 -2.4, 5.7 63.9 ± 1.7 67.1 ± 2.2 -2.2, 8.6
RPP, mmHg·beats min-1·10-2 88.6 ± 1.9 81.5 ± 4.2* -14.5, 0.3 90.2 ± 2.9 84.4 ± 3.3 -12.6, 1.0

BP, Blood pressure; RPP, rate–pressure product. *P < 0.1; **P < 0.05; ***P < 0.01 compared with drug-free period.

Table 3
Parameters of heart rate variability during the drug-free and treatment periods

Drug-free
period

Nifedipine CR
Treatment
period

Difference
(95% CI)

Drug-free
period

Nifedipine retard
Treatment
period

Difference
(95% CI)

24-h
LF, ln (ms2) 4.74 ± 0.19 4.48 ± 0.16 -0.54, 0.02 4.90 ± 0.21 4.47 ± 0.17** -0.67, -0.19
HF, ln (ms2) 4.21 ± 0.27 3.91 ± 0.26 -0.65, 0.06 4.30 ± 0.28 3.88 ± 0.16* -0.77, -0.06
ln (LF/HF) 0.54 ± 0.14 0.57 ± 0.15 -0.10, 0.16 0.61 ± 0.16 0.59 ± 0.14 -0.26, 0.24

Daytime (07.00–21.59 h)
LF, ln (ms2) 4.50 ± 0.17 4.32 ± 0.13 -0.46, 0.10 4.83 ± 0.23 4.39 ± 0.18* -0.69, -0.20
HF, ln (ms2) 3.75 ± 0.27 3.55 ± 0.21 -0.57, 0.17 3.96 ± 0.33 3.50 ± 0.20* -0.88, -0.05
ln (LF/HF) 0.75 ± 0.14 0.77 ± 0.12 -0.12, 0.16 0.87 ± 0.20 0.89 ± 0.16 -0.25, 0.30

Nighttime (22:00–06.59 h)
LF, ln (ms2) 5.14 ± 0.26 4.74 ± 0.22* -0.76, -0.05 5.02 ± 0.20 4.61 ± 0.18* -0.73, -0.09
HF, ln (ms2) 4.96 ± 0.31 4.51 ± 0.35 -0.88, -0.02 4.86 ± 0.24 4.53 ± 0.16 -0.66, 0.00
ln (LF/HF) 0.19 ± 0.19 0.23 ± 0.21 -0.16, 0.25 0.16 ± 0.16 0.09 ± 0.16 -0.34, 0.19

LF, Low-frequency component; HF, high-frequency component. *P < 0.05; **P < 0.01, compared with drug-free period.
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Discussion
The current study demonstrated that once-daily nife-
dipine CR produced a reduction in the 24-h BP similar
to twice-daily nifedipine retard after chronic treatment
for 12 weeks in patients with mild-to-moderate essential
hypertension. However, the effects of the two formula-
tions of nifedipine on haemodynamic and power spec-
tral measures of heart rate variability differed in some
respects; nifedipine retard significantly decreased the
24-h and daytime average values of the LF and HF
components and significantly increased the 24-h and
daytime heart rate, while nifedipine CR affected the
nighttime LF component alone and did not significantly
change the heart rate or the HF component throughout
a 24-h period. In addition, nifedipine CR decreased the
24-h and daytime average values of the rate–pressure
product, while nifedipine retard did not significantly
change the rate–pressure product throughout a 24-h
period. These findings suggest that nifedipine retard
caused a decrease in parasympathetic nerve activity,
whereas nifedipine CR did not produce such effects on
autonomic nervous function. Reflex tachycardia was
observed in the patients treated with nifedipine retard
but not in those treated with nifedipine CR. It is also
suggested that nifedipine CR but not nifedipine retard
reduced myocardial oxygen consumption significantly
in these patients.

Nifedipine is a dihydropyridine calcium antagonist
with documented efficacy in the treatment of patients
with hypertension and angina [18]. It has a short
plasma half-life, requiring multiple daily administra-
tions of the immediate-release product. Nifedipine CR,
a long-acting once-daily formulation of nifedipine, has
recently become available in Japan. It consists of a
coat-core tablet and a hydrophillic matrix (an expand-
able hydrogel layer of polyethylene oxide and hydrox-
ypropylmethylcellulose) that releases the drug slowly
as it erodes. The diameters of the coat-core tablet and
the core are 9 mm and 5 mm, respectively. The coat-
core tablet is coated with common film-forming mate-
rials and pigments used to protect against photodegra-
dation of nifedipine. Drug concentrations after
administration of the nifedipine CR formulation peak
within 4 h after administration, and are sustained at that
level for at least 24 h after administration [8]. It has
been shown that nifedipine CR has a smaller peak–
trough fluctuation of plasma concentartions than does
nifedipine retard [19]. In the light of these properties, it
is expected that nifedipine CR has less influence on the
autonomic nervous system and heart rate than does
nifedipine retard in the treatment of hypertension.
However, no published data are available as to the com-

parison of nifedipine CR with nifedipine retard in these
respects.

There has been some controversy concerning the
safety of treating cardiovascular patients with calcium
antagonists [20–22]. Short-acting 1,4-dihydropyridines
such as nifedipine capsule increase the risk of cardiac
death and myocardial reinfarction in patients with cor-
onary artery disease [1, 2]. The US Food and Drug
Administration (FDA) issued a statement warning phy-
sicians about the potential hazard associated with the
use of short-acting dihydropyridines [20]. In addition to
a rapid fall in BP, increased sympathetic activity may
participate in these adverse events. It was suggested that
intermittent increases in sympathetic activity persist
during even chronic treatment with those 1,4-dihydro-
pyridines that have a poor trough–peak ratio [3]. More-
over, there is considerable evidence that increased
sympathetic tone may both directly and indirectly cause
the development or maintenance of left ventricular
hypertrophy [23] and the development and progression
of atherosclerosis [24]. Thus, high sympathetic tone
may, at least in part, explain the increased cardiovascu-
lar events in patients treated with short-acting calcium
antagonists. A certain degree of success has been
achieved in reducing the incidence of such adverse
effects by the use of slow-release formulations such as
nifedipine retard. However, side-effects still occur with
sufficient frequency to cause unfavourable effects in a
significant number of patients compared with long-act-
ing dihydropyridines such as amlodipine [7]. In the
present study, reflex tachycardia was observed in
patients treated with nifedipine retard but not in those
treated with nifedipine CR.

In the present study, autonomic nervous function was
evaluated using a power spectral analysis of heart rate
variability. Power spectral analyses of heart rate vari-
ability have been widely accepted as a non-invasive
method of assessing the autonomic nervous function of
patients with various cardiovascular disorders [25]. It
has been shown that the estimation of heart rate vari-
ability by ambulatory monitoring offers prognostic
information beyond that provided by the evaluation of
traditional cardiovascular risk factors. For example,
Tsuji et al. [26, 27] found that reductions in measures
of heart rate variability including the LF and HF com-
ponents were significantly associated with the onset of
a cardiac event in subjects who participated in the
Framingham Heart Study. In the present study, nife-
dipine retard significantly decreased the 24-h and day-
time average values of the LF and HF components,
while nifedipine CR affected the nighttime LF compo-
nent alone and did not change the HF component
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throughout a 24-h period. These results suggest that
nifedipine CR has less influence on the autonomic ner-
vous system than nifedipine retard.

In the current study, nifedipine retard significantly
decreased the 24-h and daytime average values of the
HF component, which represents parasympathetic nerve
activity, while nifedipine CR did not change the HF
component throughout a 24-h period. These findings are
consistent with previous observations, including ours.
We examined the autonomic effects of nifedipine retard
on hypertensive patients in a 4-week comparative study
with amlodipine [12]. A significant (P < 0.01) decrease
in the HF component was observed with nifedipine
retard. Although the mechanism of the decrease in para-
sympathetic nerve activity caused by nifedipine retard
was not clarified by the present study, it is suggested that
nifedipine affects parasympathetic nervous activity
directly. For example, Izumi et al. [28] reported that
nifedipine inhibited parasympathetic lower lip vasodila-
tation in anaesthetized cats.

In the present study, neither nifedipine CR nor nife-
dipine retard changed the ratio of the LF to the HF
component significantly during the daytime or the night-
time. This is in good agreement with the study by Sato
et al. [29]. They found that the HF component was lower
during the day after nifedipine retard therapy, while the
ratio of the LF to the HF component was unchanged
during the daytime or the nighttime. Although the ratio
of the LF to the HF component is considered to repre-
sent sympathovagal balance, there are some problems
with the interpretation of this index [30]. Therefore,
further studies are needed to compare the effects of the
two formulations of nifedipine on the sympathetic ner-
vous system.

In addition, with regard to the present finding that
neither nifedipine CR nor nifedipine retard changed the
ratio of the LF to the HF component significantly, we
must acknowledge the statistical power limitations of
the sample size. In the present study, the number of
patients to be enrolled was determined based on the size
of earlier studies conducted with other antihypertensive
agents [31], since there were no standardized methods
to estimate appropriate sample size in order to obtain
sufficient statistical power for the main endpoints
measured.

Dihydropyridine calcium antagonists are effective
alone and in combination with other agents in lowering
BP [32]. They are especially effective in isolated sys-
tolic hypertension; in the Systolic Hypertension in
Europe (SYST-EUR) trial [33], strokes were reduced by
approximately 40%, and all-cause cardiovascular mor-
bidity and mortality were reduced by approximately

30% in isolated systolic hypertension subjects who
received the dihydropyridine calcium antagonist, nitren-
dipine, compared with those on placebo. The Hyperten-
sion Optimal Treatment (HOT) trial [34] demonstrated
that aggressive BP lowering to values <140/90 mmHg
with a felodipine-based regimen was safe and effective.
In the Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial (ALLHAT) [35], the BP
lowering with amlodipine was approximately 3–
4 mmHg greater than that seen with lisinopril and 1–
2 mmHg greater than chlorthalidone. It appears that
these results apply well to nifedipine CR, because nife-
dipine CR is a long-acting once-daily formulation of
nifedipine.

In summary, once-daily nifedipine CR and twice-
daily nifedipine retard lowered the BP to a similar extent
in the treatment of mild-to-moderate essential hyperten-
sion. Nifedipine retard caused a decrease in parasympa-
thetic nerve activity with reflex tachycardia, while
nifedipine CR did not produce such effects.
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