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An Update on the Safety of Amlodipine
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Summary: A previous article on the safety of amlodipine
reviewed data from over 4,000 subjects who participated
in clinical trials sponsored by Pfizer Central Research.
Once-daily amlodipine was shown to be a well-tolerated
treatment of hypertension and myocardial ischemia. Al-
though amlodipine is a potent vasodilator, there was a
low incidence of side effects such as headache, flushing,
and dizziness. Amlodipine was not associated with ad-
verse effects on hematologic or biochemical safety pa-
rameters nor on serum cholesterol or triglyceride levels.
Amlodipine did not alter electrical conduction in the
heart. Amlodipine had a favorable safety profile in com-
parative trials vs. B-blockers. The data base of compar-
ative trials vs. other calcium antagonists was small but
the toleration of amlodipine was similar to that of vera-
pamil and diltiazem. No data from comparative trials vs.
another calcium antagonist of the dihydropyridine class
have been available. This article reviews data from re-
cently completed trials vs. nitrendipine and from trials in

which amlodipine was used in combination with other
agents. Amlodipine was better tolerated than nitrendipine
and had a much lower incidence of side effects usually
related to vasodilatation. This difference in side-effect
profile was especially marked during the first days of
treatment. Amlodipine was well tolerated when used in
combination with B-blockers, diuretics, ACE inhibitors,
and nitrates. The gradual onset of action and relatively
long half-life of amlodipine are the probable cause for the
improved toleration in comparison with other dihydro-
pyridines. Besides the low incidence of trivial side effects,
increasing clinical experience with amlodipine provides
no evidence that amlodipine is a cause of rare but serious
adverse effects. It is concluded that amlodipine is an an-
tihypertensive and anti-ischemic agent that has the com-
bined advantages of a good safety profile with once-daily
dosage and a smooth onset and long duration of action.
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Calcium antagonists have proved to be effective
and well-tolerated agents in the treatment of hy-
pertension and/or myocardial ischemia. Many cal-
cium antagonists, especially agents containing the
dihydropyridine ring, are now under development.
In a recent review of calcium antagonists, Purcell
et al. (1) specified a number of requirements for
new, “‘second-generation’’ agents. These require-
ments included increased potency, reduced inci-
dence of side effects, and a long duration of action
to increase patient compliance and provide pro-
longed control of ischemia or elevated blood pres-
sure over a 24-h period.

Amlodipine is a new calcium antagonist of the
dihydropyridine class that can be administered in
once-daily doses of 5 or 10 mg to patients with hy-
pertension or angina. The pharmacokinetic profile
of amlodipine is unique for a calcium antagonist.
After oral administration, amlodipine is slowly ab-
sorbed (with a time to peak plasma concentration

of 6-12 h), and the plasma elimination half-life is
relatively long (approximately 35-50 h). The once-
daily treatment regimen has been found to produce
a smooth, gradual onset of antihypertensive action
with prolonged duration (2). These features suggest
that amlodipine may have a reduced propensity to
cause side effects such as flushing, headache, and
dizziness (which can result from rapid onset of vaso-
dilatation) and may therefore enhance patient com-
pliance.

A previous article (3) provided an extensive re-
view of clinical data from 4,227 subjects who had
been recruited to clinical trials of amlodipine spon-
sored by Pfizer Central Research. Figures given for
side-effect incidence in this report include all side
effects of definite or unknown relationship to the
study drug. In the pooled data base of 2,988 subjects
treated in double-blind, placebo-controlled studies,
amlodipine treatment was associated with a slightly
higher incidence of side effects (29.8%) than placebo
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(22.1%). Most of this difference was due to edema
(9.8% vs. 2.3%), which was usually well tolerated.
There was also a slightly higher incidence of flushing
(2.4% vs. 0.5%) and fatigue (4.6% vs. 2.9%) in the
amlodipine-treatment group. However, in the pa-
tients treated with amlodipine, the incidence of
other side effects (which are commonly caused by
vasodilators) such as headache (8.1%) and dizziness
(3.0%) was no higher than in patients treated with
double-blind placebo (8.1% and 3.4%, respectively).

A large number of patients (1,317) were recruited
to trials comparing the efficacy and safety of am-
lodipine with other active antihypertensive or an-
tianginal drugs. The most commonly used compar-
ative agents were B-blockers (atenolol and nadolol).
Compared to this class of drugs, amlodipine had a
favorable safety profile, the incidence of severe side
effects being approximately one-half that reported
for patients receiving B-blockers. The data base
comparing amlodipine with other calcium antago-
nists was small; in a study vs. verapamil, edema was
more common in patients receiving amlodipine but
constipation was more common in patients receiv-
ing verapamil. In a study vs. diltiazem, both am-
lodipine and diltiazem were similarly well tolerated.

Amlodipine was not associated with the deleter-
ious effects on serum creatinine, urate, and fasting
glucose that were caused by hydrochlorothiazide,
and in contrast to hydrochlorothiazide and nadolol,
amlodipine was not associated with unfavorable
changes in serum cholesterol and serum triglyceride
levels. Amlodipine was shown to be well tolerated
by elderly patients, and is not contraindicated in
patients with cardiac conduction abnormalities.
Dosage modifications are unnecessary in renal im-
pairment, but the dosage regimen for patients with
hepatic impairment is not yet established.

Since the previous review article (3) was pre-
pared, further studies have been undertaken to com-
pare the efficacy and safety of amlodipine with a
wider range of drugs, and to explore efficacy in new
indications. The total number of subjects to have
received amlodipine now exceeds 5,000.

This article summarizes the new information on
the safety of amlodipine, including an evaluation of
the safety of amlodipine in comparison with another
dihydropyridine calcium antagonist (nitrendipine),
and the safety of amlodipine when used in combi-
nation with other commonly prescribed antihyper-
tensive and antianginal agents [B-blockers, diuret-
ics, and angiotensin-converting enzyme (ACE)
inhibitors].

METHODS

In all clinical trials, the investigators were asked to de-
termine the occurrence of side effects by indirect ques-
tioning. The severity of the side effects (mild, moderate,
or severe) and the course (disappeared with continued
treatment, tolerated with continued treatment, required
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symptomatic therapy, required dose reduction or tem-
porary discontinuation, or required permanent discontin-
uation of the study drug) were recorded on the case record
forms. The investigators were also asked to classify the
relationship of the side effects to the study drug as defi-
nitely related, uncertain causality, or not related.

In the following sections, all side effects of definite or
possible relationship to the study drug and all side effects
for which no cause was assigned are presented and dis-
cussed.

RESULTS

Comparison of amlodipine vs. nitrendipine

Data are available from two open multicenter
comparative studies of amlodipine vs. nitrendipine.
In study NY-86-003, performed at five centers in
West Germany, patients with mild to moderate hy-
pertension entered a 4-week placebo washout
phase, and then were randomized to receive 5 mg
of amlodipine once daily or 20 mg of nitrendipine
once daily. Amlodipine could be adjusted upwards
to 10 mg/day and nitrendipine to 40 mg/day after 2
weeks to obtain a supine diastolic blood pressure of
=< 90 mm Hg. Duration of active treatment lasted
for 8 weeks. In study CH-88-004, performed at eight
centers in Switzerland, patients with mild to mod-
erate hypertension entered a 2-week placebo wash-
out phase, and were then randomized to receive 5
mg of amlodipine once daily or 20 mg of nitrendipine
once daily for 4 weeks. Dosage adjustments were
not permitted in this study.

The incidence of side effects in the West German
and Swiss studies are summarized in Tables 1 and
2, respectively. The figures for percentage inci-
dence include all recorded side effects except those
classified by the investigator as definitely not re-
lated to the study drug.

In spite of the longer duration of treatment and
greater mean daily dosage employed in the study in
West Germany, the results of both trials are very
similar. The incidence of amlodipine-treated pa-

TABLE 1. [Incidence of side effects in open study NY-
86-003 (West Germany) of amlodipine vs. nitrendipine

Amlodipine Nitrendipine
p
No. of patients: n % n % Value®
Evaluable 38 36
With side effects” 10 26.3 17 47.2 p<0.1
Flushing 3 79 8 22.2 p<0.1
Headache 3 7.9 4 11.1 N.S.
Vertigo 3 7.9 3 8.3 N.S.
Edema 0 0.0 2 5.6 p<0.1
Hot flushes 1 2.6 2 5.6 N.S.
Rhinitis 1 2.6 2 5.6 N.S.

N.S., not significant.

“ The p values based on X’ test comparing the incidence of side effects
in the two treatment groups; N.S. indicates p = 0.10.

b Includes all side effects of definite or unknown relationship to the
study drug with incidence =5% in either treatment group.
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tients experiencing side effects in the West German
study was 26.3%, but there was a somewhat higher
incidence of nitrendipine-treated patients with side
effects (47.2%). In the Swiss study, the incidence
of patients with side effects was 27.5% and 47.4%
for the amlodipine and nitrendipine treatment
groups, respectively. Close examination of data pre-
sented in Tables 1 and 2 shows that most of the side
effects experienced by patients in both treatment
groups were probably consequent upon the phar-
macodynamic actions of the drugs. However, the
higher incidence of flushing, headache, and tachy-
cardia in the patients receiving nitrendipine suggests
that rapid vasodilatation may have been the cause
of the larger number of side effects observed for this
treatment group.

Since the two studies employed different dura-
tions of treatment and dosage regimens, it may not
be appropriate to pool the results for the purpose
of statistical testing. However, if the difference in
the incidence of side effects is related to the speed
of onset of vasodilatation, then it might be expected
that the difference would be most apparent at the
start of treatment. At the end of the placebo washout
phase, both studies employed the same starting dose
of amlodipine (5 mg once daily) and nitrendipine (20
mg once daily). It is therefore valid to pool side-
effect data collected during the first 3 days after the
start of active treatment, and the results are illus-
trated in Table 3.

The results presented in Table 3 illustrate a
marked difference in toleration at the start of ther-
apy with a side-effect incidence of 2.6% on amlo-
dipine compared to 24.3% on nitrendipine. The side
effects reported in the nitrendipine group provide
further evidence that toleration at the start of drug
treatment may be compromised by the unwanted
effects of acute vasodilatation.

Amlodipine as combination therapy
In addition to studies assessing the antihyperten-
sive and antianginal efficacy and safety of amlodi-

TABLE 2. Incidence of side effects in open study CH-
88-004 (Switzerland) of amlodipine vs. nitrendipine

Amlodipine Nitrendipine
No. of patients: n % n % p Value”
Evaluable 40 38
With side effects® 11 27.5 18 47.4 p<0.1
Headache 3 7.5 9 23.7 p <0.05
Flushing 3 7.5 9 21.1 p<0.1
Edema 2 5.0 2 53 N.S.
Fullness 2 5.0 0 0.0 p<0.1
Fatigue 2 5.0 2 53 N.S.
Tachycardia 0 0.0 2 5.3 p<0.1

N.S., not significant,

“ The p values based on x* test comparing the incidence of side effects
in the two treatment groups: N.S. indicates p = 0.10.

® Includes all side effects of definite or unknown relationship to the
study drug with incidence =5% in either treatment group.

TABLE 3. Incidence of side effects during the first 3
days of active treatment in two open studies of
amlodipine vs. nitrendipine

Amlodipine Nitrendipine
No. of patients: n % n % p Value®
Evaluable 78 74
With side effects 2 2.6 18 243 p < 0.001
Headache 1 1.3 8 10.8 p <0.01
Flushing 0 0.0 8 10.8 p < 0.001
Fatigue 0 0.0 2 2.7 p<0.1
Tachycardia 0 0.0 2 2.7 p <0.1

Another side effect reported once for the amlodipine treatment group
was a feeling of hunger. Other side effects reported once each for the
nitrendipine treatment group were vasodilatation, hot body, palpitation,
dry mouth, sweating, pollakisuria, hot flushes, rhinitis, and edema.

“ The p values based on x? test comparing the incidence of side effects
in the two treatment groups.

pine monotherapy, a number of comparative studies
in which both treatment groups received back-
ground antihypertensive therapy have been per-
formed. In these studies, the background therapy
has included diuretics, B-blockers, or ACE inhibi-
tors. The overall incidence of side effects reported
in these studies is summarized in Table 4. The re-
sults of these trials indicate that amlodipine is very
well tolerated when used in conjunction with other
commonly prescribed antihypertensive drugs.

In many trials of angina, short- or long-acting ni-
trates have been used as background therapy in
some patients and the combination of amlodipine
with these drugs is well tolerated.

A previous article (3) reported that formal vol-
unteer studies had shown that there was no phar-
macokinetic interaction between amlodipine and di-
goxin or cimetidine. A further volunteer study to
investigate a possible interaction with warfarin has
been performed (data on file, Pfizer U.K. Ltd.
Study Report 011, Phase I study to assess the po-
tential of amlodipine to alter the pharmacodynamics
of warfarin). The results showed that 10 mg of am-
lodipine daily did not enhance or attenuate the an-
ticoagulant effect of warfarin (0.75 mg/kg adminis-
tered as a single dose).

Other safety issues

As the clinical development of amlodipine pro-
gresses from phase 111 to phase 1V trials, the number
of patients treated continues to increase. The num-
ber of patients treated with amlodipine now exceeds
5,000. Although a number of serious events (myo-
cardial infarctions, strokes, etc.) are inevitable
when a large number of predominantly middle-aged
or elderly patients with hypertension and/or ische-
mic heart disease are treated, there is no evidence
to suggest that amlodipine treatment has been the
cause of death in any patient.
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TABLE 4. Incidence of side effects in studies of amlodipine vs. double-blind placebo in patients receiving
background antihypertensive therapy

Background drug plus

Background drug plus double-

amlodipine blind placebo
Study No. patients No. (%) with No. patients No. (%) with
no. Background treatment evaluable side effects evaluable side effects p Value©
104 HCTZ (50 mg daily) 53 (50.9) 53 18 (34.0) p <0.1
339 Atenolol (50 mg daily) 75 (25.3) 74 13 (17.6) N.S.
342¢ Captopril (25 mg b.i.d.) 29 (31.0) 29 5 (17.2) N.S.
343% Enalapril (10 mg daily) 20 (40.0) 18 6 (33.3) N.S.

N.S., not significant.
¢ Studies of double-blind, randomized, crossover design.
¢ Studies of double-blind, parallel-group design.

¢ The p values are based on x* test comparing the incidence of side effects in the two treatment groups; N.S. indicates p = 0.10.

DISCUSSION

A previous article (3) summarized the results of
safety testing from a clinical trials data base of over
4,000 subjects, and indicated that amlodipine was
well tolerated, with a low incidence of side effects
normally attributed to the unwanted effects of acute
vasodilatation. However, a direct comparison with
another drug of the dihydropyridine class was not
available. The two studies of amlodipine vs. nitren-
dipine are of interest because the latter drug is the
only dihydropyridine that has been advocated for
use in a once-daily dosage regimen. Unfortunately,
both studies were of an open design. Thus, it is pos-
sible that the investigators or patients may have in-
troduced some bias into the reporting of side effects
during the trial. Nevertheless, the similarity in in-
cidence of side effects in the two trials and the pro-
file of side effects observed more commonly with
nitrendipine suggest that the difference in toleration
is a true effect.

Caution is also needed in interpreting the results
of a comparison of side effects during the first 3 days
of treatment (Table 3). Amlodipine has a relatively
long plasma half-life (35-50 h) and therefore plasma
levels take several days to approach the steady-state
concentration. Thus, the very good toleration of am-
lodipine at the start of treatment may be related to
the fact that optimal plasma levels are still to be
achieved. Nevertheless, the good toleration of am-
lodipine throughout the 4-week (Swiss study) and
8-week (West German study) treatment periods sug-
gests that its pharmacokinetic properties (with only
a modest difference between peak and trough
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plasma levels) may still be advantageous during pro-
longed therapy. A treatment with a low incidence
of side effects at the start of therapy is, of course,
likely to improve patient compliance.

Although nitrendipine is the only other dihydro-
pyridine currently available for once-daily dosing,
slow-release formulations of other dihydropyridines
have been developed. Comparative trials of amlo-
dipine vs. these formulations would be of interest
and are currently ongoing.

Increasing clinical experience with amlodipine
has confirmed that there is no evidence to suggest
that the drug has caused any clinically significant
drug interactions. The once-daily dosage regimen of
amlodipine and the relative lack of adverse events
commonly encountered with other classes of car-
diovascular agents suggest that amlodipine will be
a valuable addition to the range of drugs used to
treat hypertension and/or myocardial ischemia.

Acknowledgment: The author is grateful to Dr. G. Hey-
nen, Dr. D. Marshall, Mr. G. Thomas, Mr. D. Shannon,
and Ms. T. Butters for help with the preparation of this
manuscript.

REFERENCES

1. Purcell H, Waller DH, Fox K. Therapeutic focus on calcium
antagonists in cardiovascular disease. Br J Clin Pract
1939;43:369-79.

2. Julius S. Amlodipine in hypertension: an overview of the clin-
ical dossier. J Cardiovasc Pharmacol 1988;12(suppl 7):527-
33.

3. Osterloh IH. The safety of amlodipine. Am Heart J
1989;118:1114-20.



