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ACE inhibition versus calcium antagonism in the
treatment ofmild to moderate hypertension: a multicentre
study
W. Hart and R.J. Clarke' on behalf of the Ireland-Netherlands
lisinopril-nifedipine study group
Reinier de Graaf Gasthuis, Delft, The Netherlands and 'Adelaide Hospital, Peter Street, Dublin 8, Ireland

Summary: The efficacy of lisinopril 10-40 mg once daily was compared with that of nifedipine tablets
20-40 mg twice daily in a multicentre double-blind randomized parallel group study of 16 weeks duration
involving 127 patients with mild to moderate hypertension. The groups randomized to lisinopril or to
nifedipine were not significantly different with respect to any demographic variable. An analysis of the
pooled data from all centres demonstrated a significantly greater fall in both lying and standing systolic
blood pressure (SBP) on lisinopril than on nifedipine treatment (difference between treatments
7.70 + 3.34 mmHg; P = 0.02 and 10.2 + 3.30 mmHg; P = 0.003 for lying and standing SBP, respec-
tively). However, this difference may be accounted for by the slightly higher mean SBP in the lisinopril
treatment group compared with the nifedipine group at the end of the placebo run-in period.

Both treatments lowered lying and standing diastolic blood pressures (DBP) to the same extent and the
response rates to the two treatments were the same. The effects of the two drugs on heart rate were
indistinguishable from each other.

There were six lisinopril and 12 nifedipine-treated patients withdrawn during randomized treatment
(P = 0.22). Nineteen per cent of lisinopril patients reported an adverse event compared with 36% of
nifedipine patients. The relative risk of an adverse event on lisinopril compared with nifedipine was 0.42
(confidence limits 1.027-0.172) a difference which approached statistical significance (P = 0.0573).

Lisinopril produced a greater reduction in both lying and standing SBP than nifedipine and both were
associated with equivalent reductions in DBP. Lisinopril may be better tolerated than nifedipine.

Introduction

Conventional anti-hypertensive therapy with
thiazide diuretics has been shown to reduce mor-
tality from coronary heart disease.'-4 However, the
magnitude of the reduction of coronary heart
disease achieved in the trials to date has been less
than anticipated from the epidemiological studies.5'6
In contrast, virtually all the epidemiologically
expected reduction in stroke has been achieved
rapidly by short-term antihypertensive therapy.6
While the precise reasons for this discrepancy are
unknown, it has prompted the need for further
research and evaluation of newer antihypertensive
agents such as angiotensin converting enzyme
(ACE) inhibitors and calcium antagonists. The
1988 Report of the Joint National Committee on

Detection, Evaluation and Treatment of High
Blood Pressure7 has recommended that ACE
inhibitors and calcium antagonists be considered
equal to beta-blockers and diuretics as first-line
therapy ofmild to moderate essential hypertension.
Diuretics will be used more frequently as additional
therapy when initial treatment with these agents
has failed to normalize blood pressure.8 While
many studies have compared these newer agents
with beta-blockers and diuretics, few have com-
pared the anti-hypertensive efficacy and side effect
profile ofACE inhibitors with calcium antagonists
as first-line therapy for the treatment of hyperten-
sion.

Lisinopril is a non-sulphydryl ACE inhibitor
with a duration of action that allows once-daily
dosing.9 It has been extensively evaluated in the
treatment of hypertension as well as congestive
heart failure. Nifedipine is a dihydropyridine cal-
cium antagonist, which in its tablet formulation is
available for twice-daily dosing.' Previous
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studies"112 have suggested that equal reductions in
blood pressure could be achieved with both drugs,
although a higher proportion of patients achieved
the target blood pressure in the ACE inhibitor-
treated groups.12
The aim of this study was to compare the

anti-hypertensive efficacy and tolerability of
lisinopril and nifedipine slow release tablets in mild
to moderate hypertensive patients in a parallel
group, randomized double-blind study.

Methods

Patients

One hundred and forty-three patients who had
mild to moderate essential hypertension (lying
diastolic blood pressure (DBP) > 95 to
< 115 mmHg, Korotkoff Phase V) and who were
not receiving anti-hypertensive medication were
entered into the study. A total of 127 patients were
randomized at the end of the run-in period and
these included 73 males and 54 females and all were
between the ages of 18 and 70 years. Patients were
recruited from 11 centres in Ireland and six centres
in the Netherlands. Patients with secondary or
malignant hypertension, a recent history (within 3
months) of myocardial infarction, heart failure,
unstable angina or aortic outflow obstruction were
excluded. Patients with renal, hepatic or blood
disorders, diabetes mellitus, allergy to ACE
inhibitors or women likely to become pregnant or
taking oral contraceptives were also excluded.
Anticipated poorly compliant patients were also
excluded. Concomitant therapy with any medica-
tion known to affect blood pressure was forbidden.
All patients gave their informed consent prior to
entry into the study.
Procedure

After 2-4 weeks of a single-blind placebo treat-
ment phase, patients were randomized to receive

either lisinopril or nifedipine in a double-blind
parallel group study. The lisinopril and nifedipine
tablets were indistinguishable from one another.
The initial dose oflisinopril was 10 mg once daily

for 4 weeks with a matching placebo tablet in the
evening. The corresponding initial dose of
nifedipine was 20 mg slow-release taken twice
daily. If the blood pressure was uncontrolled
(supine DBP > 95 mmHg) after 4 weeks' active
therapy, then the dose of lisinopril was increased to
20 mg daily or nifedipine was increased to 60 mg
daily (40 mg in the morning and 20 mg in the
evening) for a further 4 weeks. Similarly, if the
blood pressure remained uncontrolled (supine
DBP > 95 mmHg) after 8 weeks of active therapy,
the dose of lisinopril was increased to 40 mg once
daily or nifedipine was increased to 40 mg twice
daily. If the blood pressure was uncontrolled
(supine DBP > 95 mmHg) after 12 weeks' active
therapy, patients received additional medication of
hydrochlorothiazide 25 mg daily. Blood pressure
was assessed at the end of the placebo phase and
after 4, 8, 12 and 16 weeks of active treatment.

Blood pressure measurements were taken after 3
minutes in a lying position and after one minute
standing. In each case blood pressure was
measured at the end of the dosing interval, that is,
at least 24 hours after the previous dose of lisinopril
and 12 hours after the previous dose ofslow-release
nifedipine.
At each clinic visit any unused tablets were

counted and adverse events were recorded. Blood
samples were collected for routine haematology
and biochemistry after 2 weeks ofplacebo and after
12 weeks and 16 weeks of randomized treatment.
Ethical committee approval was obtained before
starting the study which was conducted in accord-
ance with the declaration of Helsinki.

Statistical analysis
The pooled analysis of the various treatment
differences in blood pressure and heart rate was
based on Cochran's method.13

Table I Demographics of the patients entering the randomized phase ofthe study. Data were collected at entry and are
presented as mean ± s.d.

Ireland Netherlands
Parameter Lisinopril Nifedipine Lisinopril Nifedipine
No. of study centres 11 7
No. of patients 26 25 37 39
No. of males 14 17 22 20
No. of females 12 8 15 19
Mean age (years) 52 10 56 +10 55 10 52 10
Mean body weight (kg) 80.8 + 13.1 80.7 + 11.1 74.0 + 12.2 76.8 ± 12.3
Mean lying blood pressure (mmHg) 164/104 ± 21/7 171/104 ± 21/7 169/103 ± 18/6 163/100 + 17/9
Mean lying heart rate (bpm) 76 + 9 83 + 15 76 + 11 78 + 10
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Pooling of various 2 x 2 tables was based on the
method of Mantel and Haenszel.'4 The results of
analysis of covariance based on the last value

obtained for individual patients, was used as a basis
for pooling, in preference to an analysis of the data
based only on patients who completed the whole

Table II Adverse effects occurring during the study

Treatment
Adverse effects Lisinopril Nifedipine

n % n %

Cough 8 (12.7) 0 -
Discoloration of fingers/toes 1 (1.6) 0
Disorientation 1 (1.6) 0
Dizziness 0 - 1 (1.6)
Dry mouth 0 - 1 (1.6)
Facial swelling 0 - 1 (1.6)
Flushes and hot sweats 0 - 7 (10.9)
Gastric discomfort 0 - 1 (1.6)
Glaucoma 1 (1.6) 0
Gout 0 - 1 (1.6)
Headaches 3 (4.8) 6 (9.4)
Hyperaesthesia 0 - 1 (1.6)
Impotence 1 (1.6) 1 (1.6)
Libido loss 1 (1.6) 0 -
Lightheadedness 0 - 2 (3.1)
Nausea 0 - 3 (4.7)
Oedema 0 - 5 (7.8)
Pain in abdomen 1 (1.6) 1 (1.6)
Pain in foot 0 - 1 (1.6)
Palpitations 0 - 4 (6.3)
Postural effects 1 (1.6) 0
Rash 0 - 2 (3.1)
Raynaud's phenomenon 1 (1.6) 0 -

Retching 0 - 1 (1.6)
Retinal vascular occlusion 0 - 1 (1.6)
Taste unusual 0 - 1 (1.6)
Throat discomfort 2 (3.2) 0
Tingling in fingers 1 (1.6) 0 -

Unsteadiness 1 (1.6) 0
Vision problems 0 - 2 (3.1)
Weight gain 0 - 1 (1.6)

Total number of adverse effects reported (%) 12 (19.0) 23 (35.9)
Adverse effects requiring withdrawal from study* Cough (5) Dry mouth (1)

Impotence (1) Flushes and hot
sweats (3)

Pain in abdomen (1)
Headaches (4)
Hyperaesthesiae (1)
Nausea (3)
Peripheral oedema (4)
Rash (1)
Retching (1)
Retinal vascular

occlusion (1)
Palpitations (2)
Vision problems (1)
Weight gain (1)

Total number of patients with adverse effects 6 (9.5) 12 (18.8)
requiring withdrawal from study (%)

*Some patients had more than one reason for withdrawal.
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study as the former was considered to be the more
reliable guide to the effects of the treatments. The
values at the end of the run-in period were used as
the covariates. Where a possible difference was
found between treatments with respect to either the
number of patients controlled or safety end-points,
an estimate of the approximate relative risk was

calculated, together with a 95% confidence interval
using the 'test based' method.'5

All analyses carried out were concerned with the
comparison of lisinopril and nifedipine treatment
regimens, regardless of the doses given.

Results

A total of 143 patients entered the studies, ofwhom
127 were randomized at the end of the run-in
period. The demographic characteristics of the
patients randomized are shown in Table I. Sixteen
patients withdrew during the run-in period, and the
reasons for their withdrawal are listed in Table II.
Overall, the patients randomized to lisinopril and
nifedipine treatment appeared to be well matched
with regard to their demographic characteristics.
Compliance as assessed by return pill counts,
amongst those on treatment, was the same in both
groups.
Twelve weeks' treatment with lisinopril reduced

lying blood pressure from 169.2 + 16.2/102.8 +
6.1 mmHg (mean ± s.d.) to 151.8 + 21.1/93.0 +
8.3 mmHg. Treatment with nifedipine for 12 weeks
reduced lying blood pressure from 164.2 ±
15.1/102.6 ± 6.0 mmHg to 152.2 ± 18.2/93.9 ± 9.4
mmHg. Standing blood pressures fell from
163.8 ± 18.7/104.0 ± 5.9 mmHg to 146.1 ± 20.8/
94.8 ± 7.9 mmHg on lisinopril treatment and from
158.4 + 13.3/103.2 + 7.1 mmHg to 148.6 ± 18.9/
95.8 + 10.3 mmHg on nifedipine treatment (Figure
1).
An analysis of the effect of 12 weeks' lisinopril

and nifedipine treatment demonstrated a

significant difference between the treatments with
regard to both lying and standing systolic blood
pressures. A pooled analysis of the treatment
differences indicated a greater fall in lying systolic
blood pressure on lisinopril treatment of 7.7 ±
3.34 mmHg (confidence limits - 14.33 to - 1.06
mmHg in favour of lisinopril, P = 0.0234) (Table
III), and a fall in standing systolic pressure in
favour of lisinopril of 10.22 ± 3.3 mmHg (confid-
ence limits - 16.77 to - 3.67 mmHg, P = 0.0026).

Small differences in the effect of treatment in
favour of lisinopril on lying and standing diastolic
bloo'd pressures were observed; lying: - 1.53 +
1.57 mmHg (confidence limits -4.64 to 1.58
mmHg); standing: - 2.49 ± 1.64 mmHg (confi-
dence limits - 5.75 to 0.77 mmHg) but these were
not significantly different.

Of the lisinopril treated patients, 65.5% were
adequately controlled on therapy, achieving a lying
DBP <95 mmHg, compared with 58.5% of nif-
edipine treated patients. There was no significant
difference between treatments or between the
treatments with regard to their effect on supine or
standing heart rates. Overall, neither treatment had
any impact upon haematological parameters or
serum electrolytes, glucose, urea, creatinine,
bilirubin or liver enzyme titres.

Six patients withdrew during randomized treat-
ment because of adverse events with lisinopril and
12 patients withdrew due to adverse events during
treatment with nifedipine (P = 0.2209). The reasons
for withdrawal from therapy are shown in Table II.
Twelve of 63 lisinopril-treated patients (19%)
experienced an adverse event compared with 23 of
64 (35.9%) of nifedipine patients. Cough was the
most frequently reported side effect to treatment
with lisinopril and was sufficiently severe to require
discontinuation in five patients. By comparison,
the spectrum of side effects seen with nifedipine was
much broader. The relative risk ofan adverse event
on lisinopril compared with nifedipine was 0.420
(confidence limits 1.027-0.172) and the hypothesis
that lisinopril was better tolerated than nifedipine
almost reached statistical significance (P = 0.0573).

Discussion

The results of these studies show that lisinopril
10-40mg once daily and nifedipine tablets
20-40 mg twice daily are comparable with respect
to their effects on lying and standing diastolic
pressure, with an apparently increased effect of
lisinopril on lying and standing systolic blood
pressures. However, although not significantly
different, the mean baseline values for systolic blood
pressure in the lisinopril-treated group was higher
than in the nifedipine group and may have con-
tributed to the apparent difference between the two
treatments. The two treatments were indistin-
guishable with regard to response rates as assessed
by diastolic pressures. No target was set for systolic
blood pressure in this study as all treatment
decisions were based on diastolic measurements.
The observation of an extra fall in systolic blood
pressure on lisinopril compared with nifedipine has
been observed in previous studies involving
patients with mild to severe and mild to moderate
hypertension.'112 This effect may be due to the
known effect of ACE inhibitors in increasing
arterial compliance and thereby reducing the sys-
tolic pressure.16 However, in this study both
treatments achieved the same systolic blood pres-
sure.
There was a trend towards better tolerability of

treatment with lisinopril than nifedipine. Other
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Figure 1 Effect of 12 weeks' treatment with lisinopril or nifedipine on lying and standing blood pressure and heart rate.
Data are presented as mean ± s.d. Numbers in parentheses indicate the number of patients.

Table III Effect of lisinopril or nifedipine treatment on lying and standing blood pressures and heart rates*

Pooled
treatment Confidence
difference limits P

Lying systolic pressure (mmHg) - 7.70 + 3.34 - 14.33 to - 1.06 0.0234
Lying diastolic pressure (mmHg) - 1.53 + 1.57 - 4.64 to 1.58 0.3321
Lying heart rate (bpm) - 0.47 + 1.70 - 3.85 to 2.90 0.7810

Standing systolic pressure (mmHg) - 10.22 + 3.30 - 16.77 to - 3.67 0.0026
Standing diastolic pressure (mmHg) - 2.49 + 1.64 - 5.75 to 0.77 0.1323
Standing heart rate (bpm) - 1.15 + 1.79 - 4.70 + 2.40 0.5230

*Data arpresented as pooled differences between treatments. The convention for the estimate of the difference is
lisinopril-nifedipine. Hence a negative value for treatment difference implies that lisinopril reduced the end-point
relatively more than nifedipine.

studies tend to confirm this finding of better
tolerability."'12 Small-scale studies comparing
nifedipine with captopril as monotherapy have
demonstrated a slightly superior efficacy for
nifedipine'7 or no significant difference'8 but tend to
confirm the better tolerability of the ACE
inhibitor.'7,8

This study confirms the findings of others"'112 and
indicates equivalence of lisinopril and nifedipine
with respect to diastolic and systolic pressure and a
trend towards fewer side effects with the ACE
inhibitor. As calcium antagonists and ACE
inhibitors become increasingly used as first-line
anti-hypertensive drugs convenience of dosing,
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relative efficacy and side effect burden will have a
marked influence on their acceptability to both
physicians and patients. Large clinical trials are
now required in hypertensive patients at high risk
of cardiovascular disease, to compare diuretic
therapy with novel anti-hypertensive agents such as
lisinopril, in order to assess whether the use of these
novel agents, which produce an equivalent reduc-
tion in blood pressure, are well tolerated and free of
metabolic side effects, would result in a greater
reduction in fatal and non-fatal vascular events
than conventional diuretic therapy.
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