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The anti-hypertensive efficacy of once-daily amlodipine
(up to 10 mg) and lisinopril (up to 20 mg) were compared
in terms of clinic and ambulatory blood pressure (BP)
control, in an observer-blind, two-period crossover
study. Following a 4-week placebo run-in period,
patients underwent two active treatment phases each
lasting 12 weeks and separated by a 4-week washout
period. Sixty patients with a supine diastolic BP
between 90 and 120 mm Hg were included, irrespective
of whether or not they had received previous anti-hyper-

Keywords: amlodipine; lisinopril; blood pressure determination; ambulatory blood pressure monitoring; crossover study

Introduction
The higher the blood pressure (BP) that is found
either by clinic or by ambulatory recording, the
greater is the risk of developing a cardiovascular
event.1 When measured by 24-h ambulatory BP rec-
ording, the profile as well as the degree of the BP
change over 24 h may be important for determining
possible morbidity.2 It has been suggested that the
greater the diurnal variation in BP, the greater is the
target-organ damage;3 those who fail to exhibit a
nocturnal decrease in BP (‘non-dippers’) may have a
greater risk of target-organ damage than ‘dippers’.4,5

Once-daily amlodipine and lisinopril have both
been demonstrated to produce satisfactory control of
clinic BP6,7 and 24-h BP.8,9 The present study was
designed to compare the efficacy of amlodipine and
lisinopril in terms of clinic and 24-h BP control.

Materials and methods
Design

A two-way crossover single-blind design was chosen
because it was not possible to obtain identical for-
mulations of both drugs. The observers were kept
scrupulously blind to the nature of the treatment at
all times.
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tensive medication. Amlodipine reduced supine systolic
and diastolic clinic BP significantly more than lisinopril
(−20 ± 2/−14 ± 1 vs −11 ± 3/−7 ± 1 mm Hg; P = 0.02/
P = 0.001) 24 h post-dose. Clinic standing diastolic BP
was also significantly reduced with amlodipine com-
pared with lisinopril ( P = 0.05). Both drugs produced
control of mean ambulatory BP relative to baseline over
24 h. Amlodipine showed more consistent control of BP
over the 24-h period in contrast to lisinopril which
exerted its greatest effect during the daytime.

The study was conducted at three centres in the
UK. Following a 4-week, placebo run-in period,
patients were allocated either amlodipine or lisinop-
ril for 12 weeks by the method of minimisation
which took into account age, sex, BP and body
weight. A 4-week washout period preceded the
second treatment phase, during which the alterna-
tive drug was administered.

The study received ethics committee approval at
each of the three study centres and was conducted
in accordance with the Declaration of Helsinki.

Patients

Patients aged between 18 and 80 years were selected
if they had a supine diastolic BP (DBP) between 90
and 120 mm Hg, and no evidence of major systemic
illness, mental disorder or substance abuse. Patients
who had received no previous medication, as well
as those who required a change of treatment, were
included. A history of myocardial infarction or
stroke in the preceding 3 months precluded entry to
the study, as did a history of failure to respond to
dihydropyridine calcium antagonists or angioten-
sin-converting enzyme (ACE) inhibitors. Women
who were pregnant, lactating or likely to become
pregnant, were not included.

All patients gave their written informed consent
to participate.
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Treatment

Tablets of either drug were administered once daily
in the morning between 09.00 and 11.00 h. Amlodi-
pine was started at a dose of 5 mg daily, increasing
to 10 mg daily after 4 weeks if supine clinic DBP
remained at, or above, 90 mm Hg. After one single
dose of lisinopril 2.5 mg, patients received 5 mg
once daily for 1 week, following which, if supine
clinic DBP was >90 mm Hg, the lisinopril dosage
was increased to 10 mg daily for a further 3 weeks.
At this point, if supine DBP was still not less than 90
mm Hg, the lisinopril dosage was doubled. Dosage
reductions were permitted if patients developed
adverse events. No medication was taken on the
morning of clinic visits until after the scheduled
assessments were made (or after measurement was
started, in the case of ambulatory BP monitoring
[ABPM]).

Assessments

The primary measurements were changes in clinic
supine and standing systolic and diastolic BP and
ABPM recordings.

Clinic BP was measured before the morning dose
of either medication using a random zero sphygmo-
manometer and was taken in duplicate after 5 min
spent supine, and 2 min standing. These measure-
ments thus represent BP values approximately 24 h
after the last dose. Assessments of clinic BP were
made at baseline (ie, week 0, following the 4-week
placebo run-in) and at weeks 1, 4, 8, 12, 16, 17, 20,
24 and 28.

ABPM was carried out over a 24-h period at the
beginning and end of each active treatment phase
using a Spacelabs 90207 (two centres) or Instrumed-
ics recorder, and was preceded by a clinic BP
measurement. Systolic BP (SBP), DBP and mean
arterial pressure (MAP) were recorded during each
period. BPs were calculated for each 24-h period,
daytime period (07.00 to 22.59 h), and night-time
period (23.00 to 06.59 h) and were adjusted to
account for any differences in scheduled and actual
measurement times. It was calculated that 54
patients would be required to detect a significant
difference of 3.5 mm Hg in ambulatory BP with a
power of 80%, based on standard deviation of differ-
ence scores of 9 mm Hg from a previous study.

Any adverse events or intercurrent illnesses
occurring at baseline and at subsequent review visits
were noted.

Statistics

Based on the results of a previous study, in which
inter-patient standard deviation was approximately
9 mm Hg, a minimum sample size of 26 would be
required to detect a significant difference of 5
mm Hg between treatment groups in clinic BP with
a power of 80%. It was calculated that 54 patients
would be required to show, with a power of 80%, a
3.5 mm Hg difference between groups in ambulat-
ory DBP.

Statistical data were analysed using the SAS 6.07

package. All patients who took at least one dose of
amlodipine and lisinopril were included in the
analyses of efficacy (for ABPM, patients were
included for whom measurements were made at
baseline and on treatment in both study periods).
ABPM data were weighted according to the number
of readings obtained in each record. Changes in
clinic BP or ABPM were analysed by repeated analy-
sis of variance using a standard method10 for two-
period crossover studies; this method included
determination of order and carryover effects. ABPM
data were not edited in any way.

All patients randomised to treatment were
included in the analysis of tolerability. Between-
treatment differences in the incidence of adverse
events were compared using the chi-square test.

All statistical testing was two-sided and the level
of significance for all analyses was 5%.

Results
Of the 60 patients who entered the study, 29 were
allocated to receive amlodipine first and 31 to
receive lisinopril first. The demographics of each
group were well matched (Table 1). A total of 19
patients withdrew prematurely: nine during the first
phase of treatment; three during the placebo wash-
out; and seven during the second treatment phase
(these seven patients were from one centre and were
excluded from evaluation of efficacy because of
incomplete data). Data from 41 patients were avail-
able for the efficacy analyses. No sequence or carry-
over effects were observed.

Eight patients withdrew because of adverse events
(three in the amlodipine group, five in the lisinopril
group); one further patient was counted as discon-
tinuing due to an adverse event after completing the
stipulated treatment period. Other reasons for
premature withdrawal included: incomplete data
(seven patients from one centre, see above); concur-
rent disorders (two); and lost to follow-up (one).

The mean duration of therapy with both amlodip-
ine and lisinopril was 76 days, and the mean final
daily doses were 7.3 mg for amlodipine and 13.1 mg
for lisinopril.

Table 1 Demographic characteristics of patients

First treatment

Amlodipine Lisinopril

Number 29 31
Male 16 15
Female 13 16

Mean age (years) 54.1 53.4
Range (years) 26–77 30–71

Race
Caucasian 27 29
Other 2 2

Baseline clinic 166/103 160/102
SDP/DBP (mm Hg)
Mean duration of 3.6 3.7
hypertension (years)
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Clinic BP control

Both drugs produced reductions in supine and
standing SBP and DBP. Amlodipine produced a sus-
tained reduction from baseline in mean supine SBP
and DBP during the 12-week treatment period
(Figure 1). The same pattern was observed with the
mean change from baseline in standing SBP and
DBP.

The mean changes between baseline and post-
treatment show that, overall, clinic BP was con-
trolled to a significantly greater degree with amlodi-
pine than lisinopril (Table 2); supine SBP and DBP
were reduced significantly more by amlodipine than
by lisinopril (P = 0.02 and P = 0.001, respectively).
In addition, amlodipine tended to be superior to lisi-
nopril in reducing standing DBP (P = 0.05) (Table 2).

Ambulatory 24-h BP control

Table 3 shows, relative to baseline, the mean within-
treatment comparisons of weighted mean 24 h, day-
time and night-time ABPM. Significant reductions
were seen both with amlodipine and with lisinopril
(P , 0.001); over the period there were no signifi-
cant differences between the two drugs (Table 3).
Figure 2 shows the change from baseline in SBP,
DBP and MAP assessed over a 24-h period and the
comparison of the profiles of the reductions in BP
obtained. There is a suggestion of a greater daytime
reduction with lisinopril and a longer period of
effect with amlodipine.

Immediately before treatment with amlodipine or
lisinopril, 29 patients in each group had weighted
mean ambulatory DBP .90 mm Hg. Following treat-
ment with lisinopril or amlodipine, the numbers of
patients with DBP .90 mm Hg were reduced to 10
and nine patients respectively.

Tolerability

The number of events probably or possibly related
to treatment with amlodipine or lisinopril are sum-
marised in Table 4. A similar number of patients
reported adverse events with amlodipine and lisino-
pril, although there was a slight difference in the
profile of events. The most frequent adverse events
observed with amlodipine were oedema and head-

Figure 1 Change from baseline in clinic mean supine systolic
(n = 35–40) and diastolic BPs (n = 39–41) over 12 weeks. Stan-
dard error bars have been omitted for clarity; in all cases, these
were less than 1.6 mm Hg (DBP) and 2.9 mm Hg (SBP).
SBP = systolic blood pressure; DBP = diastolic blood pressure;
A = amlodipine; L = lisinopril.

ache, whereas lisinopril was most often associated
with headache and cough. The majority of side
effects (either treatment) were mild to moderate in
severity and none was serious.

Three amlodipine and five lisinopril patients had
adverse events severe enough to cause premature
discontinuation. The most common events leading
to discontinuation with both drugs were cough
and oedema.

Discussion
This study is one of the first to compare the clinic
and 24-h anti-hypertensive activities of once-daily
amlodipine and lisinopril. In the clinic the results
showed that, 24 h after dosing, amlodipine was
superior to lisinopril in controlling supine systolic
and diastolic, as well as standing DBP. The
reductions in supine SBP and DBP (−12% and
−14%, respectively) in the amlodipine-treated are
similar to those found in previous double-blind
studies.11,12 The reductions in supine SBP and DBP
observed in lisinopril-treated patients (−7% for SBP
and DBP) were less than those previously reported
(between −10% and −12%) using doses between 10
and 20 mg once daily.7,13 The results of the present
study are similar to those from a preliminary report
comparing amlodipine with lisinopril;14 both drugs
significantly reduced office BP in a group of 40
hypertensive patients (P , 0.005) although, in this
case, the difference between the two drugs was not
significant. The peak/trough ratio for effects on BP
has been shown to be greater for amlodipine than
for lispinopril over a 24-h dosing interval;15 it is
possible, therefore, that the significantly greater
effect on clinic BP seen during amlodipine treat-
ment in the present study may reflect an intrinsi-
cally longer duration of action of amlodipine com-
pared with lisinopril.

On the other hand, 24-h within-treatment com-
parisons of ABPM measurements showed that both
amlodipine and lisinopril produced significant
reductions from baseline in mean SBP, DBP and
MAP calculated for the 24-h, daytime and night-
time periods.

The mean 24-h ABPM values showed no statisti-
cally significant differences between the two drugs,
although the ambulatory recordings indicated that
the profiles for BP reduction (SBP and DBP) were
not identical. The effect of lisinopril on SBP
appeared to be at its greatest in the afternoon from
13.00 to 18.00 h (6–8 h after the last dose) and least
during the early morning (02.00 to 06.00 h). The
ABPM results may need to be interpreted with cau-
tion as the analysis had less than the ideal number
of patients to show a difference with a power of
80%.

There are implications in terms of cardiovascular
risk if BP is less well controlled during the early
hours of the morning when the frequency of
developing cardiovascular events is increased.16

Tolerability was good during both treatment
phases and there were no serious adverse events.
Similar numbers of patients reported adverse events
following amlodipine and lisinopril and there were
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Figure 2 Mean changes in systolic, diastolic, and mean arterial BP from baseline (ambulatory monitoring over 24 h).

Table 2 Summary of clinic BP measurements

Amlodipine Lisinopril 95% CI P

Baseline End % Change Baseline End % Change
(n = 41) (n = 39) from (n = 39) (n = 35) from

baseline baseline

Supine SBP 166 ± 3 146 ± 3 −12 163 ± 2 150 ± 4 −7 −17.2 to −1.8 0.02
(mm Hg)±s.e.m.
Supine DBP 103 ± 1 88 ± 1 −14 101 ± 1 94 ± 1 −7 −11.3 to −3.2 0.001
(mm Hg)±s.e.m.
Standing SBP 160 ± 3 139 ± 3 −13 154 ± 3† 141 ± 4 −8 19.8 to 0.3 0.06
(mm Hg)±s.e.m.
Standing DBP 102 ± 1 89 ± 1 −14 100 ± 1† 92 ± 2 −8 10.8 to 0.1 0.05
(mm Hg)±s.e.m.

95% confidence intervals (CI) relate to differences in mean % changes in BP between treatments; †n = 38.
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BP measurements Mean BP ± s.e.m. (mm Hg) (% change from baseline)

Amlodipine Lisinopril

Baseline End Baseline End P

24-h period n = 40 n = 36 n = 39 n = 34
SBP/DBP 148 ± 2/94 ± 1 134 ± 2/84 ± 1 150 ± 2/95 ± 1 135 ± 2/85 ± 1

(−15/−9) (−15/−10) NS
MAP 113 ± 1 101 ± 1 114 ± 1 102 ± 1

(−11) (−12) NS

Daytime period n = 40 n = 36 n = 40 n = 33
SBP/DBP 150 ± 2/95 ± 2 137 ± 2/87 ± 1 154 ± 2/98 ± 1 137 ± 2/86 ± 1

(−13/−9) (−17/−12) NS
MAP 114 ± 1 104 ± 1 118 ± 1 104 ± 1

(−10) (−14) NS

Night-time period n = 39 n = 36 n = 40 n = 32
SBP/DBP 140 ± 2/86 ± 2 125 ± 2/75 ± 2 138 ± 2/85 ± 2 125 ± 3/77 ± 2

(−16/−10) (−12/−9) NS
MAP 105 ± 1 93 ± 2 104 ± 2 94 ± 2

(−12) (−10) NS

All within-treatment comparisons of post-treatment vs baseline BP values were significant for amlodipine and lisinopril (P , 0.001,
two-tailed paired t-tests); NS = no significant difference between treatments.

Table 4 Treatment-related adverse events

Amlodipine Lisinopril

No. of patients evaluated 54 54
No. of patients with adverse 24 23
events
Adverse events

Oedema 10 2
Headache 6 6
Cough 0 4
Fatigue 3 3
Rash 2 1
Somnolence 2 1
Other 11 11

Total 34 28

only minor differences in the profile of symptoms;
oedema and headache were reported more often
with amlodipine while headache and cough were
observed with lisinopril.
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