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Comparison of quinapril and atenolol as single drugs or in
combination with hydrochlorothiazide in moderate to severe

hypertensives, using automated ambulatory monitoring

Y. LACOURCIERE, J. LEFEBVRE, P. PROVENCHER & L. POIRIER
Hypertension Unit, Research Center, Centre Hospitalier de L'Universite Laval, Quebec, Canada

1 Forty patients with moderate to severe hypertension and daytime ambulatory diastolic
blood pressure - 90 mm Hg were randomized double-blind to once-daily treatment
with either quinapril up to 20 mg (n = 20) or atenolol up to 100 mg (n = 20) as single
drugs or in combination with hydrochlorothiazide 25 mg over a period of 12 weeks.

2 Conventional and ambulatory blood pressure, heart rate, side effects and metabolic
changes were compared at the end of the run-in period on placebo, after 4 weeks on

monotherapy and at the end of the 12-week period of active treatment.
3 Quinapril and atenolol reduced conventional blood pressure equally with substantial

additional effect seen on combination therapy. The two regimens induced a significant
decrease in ambulatory BP. However, the atenolol treated ambulatory hypertensive
group experienced significantly greater decreases in diastolic blood pressure during
24 h, awake and sleep periods than did the quinapril group.

4 Adverse reactions were mild with both drugs except for severe Raynaud phenomenon
in one patient in the atenolol group. Triglyceride levels were significantly increased
with atenolol alone and in combination with hydrochlorothiazide.

5 Thus, within the limits of the dose ranges tested, quinapril and atenolol as single drugs
or in combination with hydrochlorothiazide reduce significantly conventional and
ambulatory blood pressure in moderate to severe hypertensives, but atenolol is more
effective in reducing ambulatory diastolic blood pressure.
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Introduction Methods

Angiotensin-converting enzyme (ACE) inhibitors and
P-adrenoceptor blockers effectively reduce blood-
pressure in patients with moderate to severe hypertension
either as first-line monotherapies or when given con-
comitantly with a diuretic (Andren et al., 1982; Bateman
et al., 1979; Frishman & Greenberg, 1991; Goldstein,
1990; Lacourci6re et al., 1991). However, there are
presently no data comparing the antihypertensive effects
of ACE inhibitors with those of 3-adrenoceptor blockers
alone or in combination with thiazide diuretics on
ambulatory blood pressure in moderate to severe hyper-
tensives. We therefore undertook a study comparing
the ACE inhibitor quinapril with the 3-adrenoceptor
blocker atenolol as initial monotherapy and in combi-
nation with hydrochlorothiazide for treating moderate
to severe hypertensive patients in whom elevated blood
pressure was substantiated by ambulatory monitoring.

Patients

The patients were recruited from the hypertension
research unit at the Centre Hospitalier de l'Universite
Laval in Quebec, Canada. Previously treated and newly
diagnosed untreated outpatients of both sexes between
18 and 75 years of age with moderate to severe essential
hypertension based on documented history of sitting
diastolic blood pressure within 105-120 mm Hg inclusive,
were eligible for the study. In all subjects secondary
causes of hypertension were ruled out. The main exclusion
criteria were: women of childbearing potential; significant
cardiac, pulmonary, renal, cerebrovascular, hepatic,
haematologic or allergic disease; patients receiving drugs
directly or indirectly acting on blood pressure; any
contraindication for ACE inhibitors, 3-adrenoceptor
blocking agents or thiazide therapy.
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The study was approved by the Hospital Ethics Review
Committee and each patient gave written consent to
participation after being informed verbally and in writing
of the details of the study.

Trial design

During the initial visit a complete history was obtained
and a physical examination performed in all patients;
previous antihypertensive therapy was tapered and dis-
continued, and patients entered a 4-week single-blind,
placebo run-in phase with weekly visits to monitor safety
and blood pressure. At the end of this period, patients
with mean daytime (dose time to 22.00 h inclusive)
ambulatory diastolic blood pressure , 90 mm Hg were
considered for the active treatment phase. In addition,
a provision was made for patients whose office diastolic
blood pressure exceeded 115 mm Hg on placebo, to
complete the washout/baseline period earlier and, if
eligible, enter active treatment phase within 72 h. Patients
were then randomized double-blind to quinapril 10 mg
or atenolol 50 mg once daily. The aim of therapy was to
achieve a sitting office diastolic blood pressure of less
than 90 mm Hg. Treatment was continued for 3 months
with monthly adjustments at which treatment could
be modified if sitting diastolic blood pressure was
, 90 mm Hg. The dose of treatment was first doubled
to 20 mg quinapril or 100 mg atenolol once daily. If goal
blood pressure was not achieved after 8 weeks on mono-
therapy, hydrochlorothiazide 25 mg once daily was added.
Thereafter, patients remained at the same dosage regard-
less of whether blood pressure was controlled until the
end of the 12-week period of active treatment. However,
patients were withdrawn from the study when office
sitting diastolic blood pressure was greater than 120
mm Hg or greater than 110mm Hg on maximum dosage,
confirmed on re-test within 48 h.

Procedures

Conventional blood pressure readings, which were used
as the basis for patient entry into the study and for
dosage titrations, were obtained in the sitting position
after a 15 min rest by a standard mercury sphygmomano-
meter. Systolic blood pressure was noted when the first
Korotkoff sound was heard, and diastolic blood pressure
at the point of disappearance of the fifth Korotkoff
sound. Each measurement represented the average of
three readings taken 1 min apart. Measurements were
obtained immediately before the morning daily dose of
medication which was within the interval of 07.00 to
10.00 h, 24 h after the preceding dose.
Twenty-four hour ambulatory blood pressure monitor-

ing was performed using a Spacelabs 90202 (Redmond,
Washington, USA) in each patient during a regular
working day at the end of baseline and at the end of
weeks 8 and 12. Blood pressure readings were obtained
at 15 min intervals from 07.00-22.00 h and 30 min
intervals from 22.00-07.00 h. Readings obtained with
the ambulatory blood pressure recorder and a standard
mercury sphygmomanometer via a t-tube assembly
(Graettinger et al., 1988) were correlated. Readings had
to fall in the following ranges to be considered valid:
diastolic blood pressure 50 to 140 mm Hg, systolic blood

pressure 90 to 250 mm Hg, pulse pressure 10 to 100
mm Hg, and heart rate 40 to 160 beats min-'. At least
75% of the hourly blood pressure recordings had to be
valid.
Blood samples for the measurement of routine haema-

tology, biochemistry, lipids, lipoproteins and apolipo-
proteins (Lacourciere & Gagne, 1989) were obtained at
the end of the placebo phase, after 8 weeks of mono-
therapy and at the end of the study. The possibility of
adverse reactions was investigated from the recording of
spontaneous complaints at each visit and also from
direct questioning about side effects at the end of the
placebo period and at each visit during the 3 months
active treatment phase. In addition, each patient was
asked to complete a diary containing detailed information
on daily diet, amount of exercise and alcohol, caffeine
and tobacco use.
The primary and secondary efficacy criteria were mean

changes from baseline in ambulatory and sitting office
blood pressures respectively.

Statistical analysis

The sample size was determined assuming a 10% dropout
rate. Enrolment of 20 patients in each treatment group
for monotherapy into the double-blind experiment, and
15 patients in each treatment group for subject analysis
of combination therapy, would provide a power of 80%
to detect mean differences of 5 and 5.7 mm Hg respec-
tively in whole day ambulatory diastolic blood pressure
with a standard deviation of 5.6.
The analysis of demographic data was made with a

one-way analysis of variance (ANOVA). For each treat-
ment group, a one way ANOVA for repeated measures
was used to compare mean changes from baseline for
blood pressure, heart rate and lipid levels. The significance
of change in blood pressure, heart rate and lipid levels
from baseline or the difference between treatment groups
was determined by analysis of covariance (ANCOVA)
using baseline data as the covariates. Data are given as
mean ± s.d. A P value < 0.05 was accepted as significant.

Results

Patient population

Forty-four caucasian patients were recruited for the study,
four ofwhom were withdrawn. However safety informa-
tion from these patients is reported. Three patients were
excluded because of sitting diastolic blood pressure of
more than 120 mm Hg and one patient was affected by
severe Raynaud phenomenon. Therefore the efficacy
results are calculated on 20 patients (18 men, 2 women)
for the quinapril group and 20 patients (16 men, 4
women) for the atenolol group. The respective treatment
groups were similar with regard to baseline characteristics
such as age (53.9 ± 14.2 vs 53.8 ± 8.7 years), body
weight (75.9 ± 10.1 vs 79.4 ± 13.6 kg) and office sitting
blood pressure (175.9 ± 16.8/110.6 ± 6.4 mm Hg vs
168.3 ± 17.1/109.1 ± 6.4 mm Hg). There was no signifi-
cant change in body weight in either of the treatment
groups during the trial. The patients reported no changes
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in dietary regimen, use of alcohol, tobacco and caffeine
or physical activities. At the end of this study, 19 patients
(95%) from the quinapril group were taking quinapril
20 mg plus hydrochlorothiazide 25 mg while one patient
was on quinapril 20 mg monotherapy. The atenolol
group included 17 patients (85%) taking atenolol 100 mg
plus hydrochlorothiazide 25 mg and three patients on

atenolol 50 mg only.

Effects on conventional blood pressure and heart rate

Mean conventional blood pressure changes from baseline
and response rates with quinapril and atenolol alone or

in combination with hydrochlorothiazide are presented
in Table 1. The atenolol group had slightly greater
reductions in sitting systolic and diastolic blood pressure

than did the quinapril group with monotherapy, but the
difference between groups did not reach significance.
After the addition of hydrochlorothiazide, there was a

further and similar reduction of systolic and diastolic
blood pressure in both groups. Response rates (sitting
diastolic blood pressure < 90 mm Hg or reduction - 10
mm Hg) were 25% for quinapril and 50% for atenolol as

monotherapy. After the addition of hydrochlorothiazide,
the response rate increased to 60% in the quinapril
group and 65% in the atenolol group. Blood pressure

was normalized (sitting diastolic blood pressure < 90
mm Hg) with monotherapy by quinapril in one (5%) of
20 patients and three (15%) of 20 patients by atenolol.
The proportion increased to 19% in the quinapril group
with combination therapy but remained at 15% in the
atenolol group. None of these differences reached
statistical significance. Mean pulse rate did not change
with quinapril. However a significant reduction in pulse
rate from baseline was observed for atenolol alone or in
combination with hydrochlorothiazide (81.6 ± 12.3 beats
min-1 vs 68.0 ± 11.1; vs 64.8 ± 6.9; P < 0.0001).

Effects on ambulatory blood pressure

Reduction in mean ambulatory daytime, night-time and
24 h blood pressure produced by quinapril and atenolol
as single drugs or in combination with hydrochlorothiazide
are presented in Table 2. Blood pressure was reduced
by both agents as monotherapy for most of the 24 h
period but the reduction was significantly more noticeable

Table 1 Mean conventional blood pressure changes (mm Hg) from baseline and response*
rates (%) with quinapril (n = 20) and atenolol (n = 20) alone or in combination with
hydrochlorothiazide

Treatments Monotherapy P value End of study P value

Systolic
Quinapril -9.4 (-14.8-4.0) NS -24.4 (-29.5-19.3) P = 0.0001
Atenolol -13.6 (-19.6-8.2) P = 0.0055 -21.8 (-26.9-16.9) P = 0.0001

Diastolic
Quinapril -6.7 (-8.8-4.5) P = 0.0033 -13.2 (-14.6-11.8) P = 0.0001
Response rate* 25 60

Atenolol -10.5 (-12.6-8.3) P = 0.0001 -13.5 (- 14.9-12.1) P = 0.0001
Response rate* 50 65

Values are means (with 95% confidence intervals).
*Diastolic BP < 90 mm Hg or decrease - 10 mm Hg from baseline.

Table 2 Mean ambulatory blood pressure changes (mm Hg) from baseline with quinapril (n = 20) and
atenolol (n = 20) alone or in combination with hydrochlorothiazide

Variable Treatment Monotherapy P value End of study P value

Systolic
Daytime Quinapril -10.2 (-13.3-7.1) P = 0.0003 -20.1 (-23.8-16.4) P = 0.0001

Atenolol -16.4 (-19.5-13.3)* P = 0.0001 -24.3 (-28.0-20.6) P = 0.0001

Nighttime Quinapril -3.9 (-7.4-0.4) NS -13.8 (-17.7-9.9) P = 0.0228
Atenolol -11.1 (-14.6-7.6)** P = 0.0241 -17.8 (-21.7-13.9) P = 0.0012

24 h Quinapril -6.5 (-10.0-3.0) NS -17.7 (-21.2-14.2) P = 0.0012
Atenolol -14.4 (-17.9-10.9)** P = 0.0002 -21.8 (-25.3-18.3) P = 0.0001

Diastolic
Daytime Quinapril -6.7 (-8.8-4.5) P= 0.0271 -11.7 (-14.0-9.3) P= 0.0001

Atenolol -11.8 (-14.0-9.6)* P = 0.0001 -17.3 (-19.7-14.9)** P = 0.0001

Nighttime Quinapril -1.8 (-4.5-0.9) NS -7.4 (-10.1-4.6) P = 0.0111
Atenolol -7.4(-10.1-4.6)**** P=0.0001 -12.1 (-14.6-9.6)* P=0.0001

24 h Quinapril -4.1 (-6.4-1.7) P= 0.0102 -10.1 (-12.2-7.9) P= 0.0001
Atenolol -11.1 (-13.4-8.7)*** P = 0.0001 -15.2 (-17.3-13.0)* P = 0.0001

Values are means (with 95% confidence intervals).
NS = not significant, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 compared with quinapril.
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Figure 1 Mean hourly systolic and diastolic blood pressure curves after placebo a and 8 weeks of double-blind treatment
* with quinapril (a) and atenolol (b).
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Figure 2 Mean hourly systolic and diastolic blood pressure curves after placebo and 12 weeks of double-blind treatment
* with quinapril (a) and atenolol (b) alone or in combination with hydrochlorothiazide.

with atenolol. Moreover a statistically significant reduc-
tion during the early morning hours (04.00 to 08.00 h)
was observed only with atenolol (Figure 1). An additional
and sustained antihypertensive effect was observed when
quinapril and atenolol were combined with hydrochloro-
thiazide (Figure 2). However comparison between the
two double-blind treatments showed that ambulatory
systolic and diastolic blood pressures were consistently
lower during atenolol than quinapril therapy (Figure 3).
At the end of monotherapy the clinical response rate
(mean waking ambulatory diastolic blood pressure < 90
mm Hg) favoured atenolol, 80% vs 30% for quinapril
(P < 0.001). Response rates in the end of the study
analysis rose to 70% for quinapril and 90% for atenolol
(difference not significant).
While mean pulse rate over 24 h or during awake and

sleeping hours did not change with quinapril, a significant
reduction was observed for atenolol (14.5 ± 8.1 beats
min-1, 15.9 ± 8.4 beats min-1, and 8.9 ± 8.7
beats min-', respectively).

Laboratory data

No significant changes occurred in haematology, glucose,
creatinine and electrolyte values during the trial. Plasma
lipids, lipoproteins and apolipoproteins remained
unaltered by quinapril alone or in combination with
hydrochlorothiazide (Table 3). Treatment with atenolol
monotherapy during 8 weeks was associated with a
significant rise in triglyceride level that became even
greater compared with baseline when the diuretic was
added.

Symptoms and side effects

All patients randomized to active medication were
included in the evaluation of adverse effects. The
incidence of side effects was similar during the treatment
with either quinapril (n = 11) or atenolol (n = 11). One
subject experienced severe Raynaud's phenomenon
during treatment with atenolol that resolved completely
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Figure 3 Comparison of mean hourly systolic and diastolic blood pressure curves during treatment with quinapril m and atenolol
* as single drugs (a) and combined with hydrochlorothiazide (b).

Table 3 Effects of quinapril (group A) and atenolol (group B) as single drugs or in combination with hydrochlorothiazide on
plasma lipoproteins

Group A (n = 19)
Baseline Monotherapy Combination

Group B (n = 19)
Baseline Monotherapy Combination

Cholesterol (mmol 1-')
Plasma 6.01 ± 1.02 5.95 ± 1.27 5.89 ± 1.06 5.91 ± 1.08 5.81 ± 1.09 5.83 ± 0.77
VLDL 0.84 ± 0.32 0.80 ± 0.39 0.97 ± 0.50 0.83 ± 0.37 0.95 ± 0.39 1.06 ± 0.35
LDL 3.98 ± 0.95 4.01 ± 1.24 3.90 ± 1.14 3.79 ± 0.81 3.79 ± 0.94 3.87 ± 1.20
HDL 1.15 ± 0.27 1.12 ± 0.20 1.08 + 0.25 1.20 ± 0.26 1.06 ± 0.23 1.03 ± 0.18

Triglycerides (mmol l-') 1.80 + 0.66 1.73 + 0.74 2.18 + 1.17 1.67 + 0.53 2.00 + 0.58* 2.47 + 0.84**

Apolipoproteins (g 1-1)
A1 1.86 + 0.22 1.75 ± 0.21 1.75 ± 0.24 1.80 ± 0.19 1.71 ± 0.23 1.72 ± 0.17
B 1.20 ± 0.21 1.23 ± 0.26 1.20 + 0.25 1.15 ± 0.25 1.19 ± 0.15 1.24 ± 0.24

VLDL = Very low-density lipoprotein; LDL = Low-density lipoprotein; HDL = High-density lipoprotein.
*P < 0.05 vs baseline, **P < 0.01 vs baseline.

after cessation of therapy. Except for this patient, most
complaints were reported as mild and did not necessitate
any reduction of the dosage or cessation of therapy.

Discussion

This double-blind study compared the effects of quinapril,
a new ACE inhibitor, and atenolol as single drugs or

combined with hydrochlorothiazide in moderate to severe

hypertensives in whom blood pressure was documented
by ambulatory monitoring. Our data extend previous
findings (Andren et al., 1982; Goldstein, 1990) and
demonstrate that both the ACE inhibitor and the ,B-
adrenoceptor blocker provide comparable efficacy on
conventional blood pressure in treatment of moderate
to severe hypertension when used as initial monotherapy
and with addition of hydrochlorothiazide. Moreover the
addition of the diuretic increases the proportion of patients
reaching clinical response in both groups but more so in
the quinapril group.
To date, ambulatory blood pressure monitoring has

been primarily a research tool and does not have an

established clinical role in the diagnosis and management
of hypertension. Nevertheless this technique has been
shown to be more reliable than the casual measurement
of blood pressure at the physician's office when evaluating
the efficacy of antihypertensive drugs (O'Brien et al.,
1989; Weber, 1988). By providing a substantial number
of blood pressure values, this technique decreases within-
subject variation and greatly increases the power of
blood pressure measurements (Coats et al., 1992).
Comparison of the drug's effects on blood pressure
as measured by 24 h ambulatory blood pressure
monitoring showed that atenolol used as initial mono-
therapy, more consistently decreased blood pressure
throughout the day and demonstrated a significantly
greater decrease in most of mean daytime, night-time
and 24 h systolic and diastolic blood pressures. In addition,
only atenolol blunted the early morning increase in
blood pressure. These findings are in contrast to those
of a previous study in which no difference in the efficacy
throughout study was found between lisinopril, another
ACE inhibitor and atenolol (Graettinger et al., 1989).
The difference between studies could be due to the
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smaller number of patients (19 in Graettinger study vs
40 in ours) and to the possible inclusion of non truly
hypertensives since as many as 20 to 46% of individuals
with untreated mild to moderate essential hypertension
may exhibit the white coat syndrome (Lacourciere et al.,
1990; Pickering et al., 1989). Indeed, although no study
has so far systematically compared the responses to drug
treatments with white coat and sustained hypertension,
two studies found that calcium antagonists had relatively
little effect on ambulatory pressure in patients with
white coat hypertension, while they did lower ambulatory
pressure in patients with more sustained hypertension
(Lacourcire etal., 1990; Weber etal., 1988). Even more
noteworthy is the finding that 73% of patients receiving
antihypertensive therapy exhibit a white coat pheno-
menon (Myers & Reeves, 1991). A diluting effect may
thus result from the inclusion of patients with white coat
hypertension in clinical trials. Our data also differ from
the findings of another study (Portaluppi et al., 1990)
who reported a sustained effect of quinapril throughout
24 h. However blood pressure monitoring in their patients
was performed in a hospitalized setting with quieter
daily routines of activity than ambulatory subjects.
Finally, the titration of quinapril to the 'low maximum'
dose of 20 mg and not the maximum 40 mg daily before
adding the diuretic, due to the anticipated cumulative
effect of both medications, could be another relevant
factor. In fact, studies reporting a 24 h blood pressure
control with ACE inhibitors have often used maximal
dosages of the compounds (Graettinger et al., 1989;
Portaluppi et al., 1990; Weinberger et al., 1990; Zachariah
et al., 1988).
A better efficacy was observed in both groups of

patients under combination therapy. Indeed, the majority
of patients on both treatments had satisfactory con-
ventional and ambulatory blood pressure reductions.

Moreover, both quinapril and atenolol combined with
hydrochlorothiazide maintained their antihypertensive
effects throughout the entire 24 h period, including the
early morning hours. However, when comparing the
two regimens, not only did atenolol induce a significantly
greater reduction in daytime, night-time and 24 h diastolic
blood pressure but there was a trend toward a greater
reduction in systolic and diastolic blood pressures during
most of the 24 h dosing period with atenolol.
Data from a rigorously conducted meta-analysis

(Collins etal., 1990) of 14 randomized clinical antihyper-
tensive trials showed a reduction in the incidence of
myocardial infarction of 14% compared with a reduction
of 20-25% expected from epidemiological data.
The apparent shortfall has stimulated interest in lipid
metabolism modification during antihypertensive
therapy (Kannel & Carter, 1989). During this study, the
administration of quinapril alone or in combination did
not affect lipids and lipoproteins. On the other hand, as
reported previously (Weinberger, 1990), atenolol induced
a significant rise in triglyceride levels that became greater
with addition of the diuretic. Even though the status of
hypertriglyceridaemia remains controversial (Brunzell
& Austin, 1989), our findings may be relevant since in
certain circumstances, elevated triglyceride levels may
be a risk factor for coronary heart disease (Austin 1991;
Castelli, 1986).

In summary, both quinapril and atenolol alone or in
combination with hydrochlorothiazide provide equivalent
reduction in conventional blood pressure and are well
tolerated. However, atenolol induces a greater reduction
in ambulatory blood pressure. The main disadvantage of
atenolol is the deleterious effect on triglyceride levels.

This work was supported by grants from Parke-Davis/Warner-
Lambert Canada and le Fonds de Recherche sur la sante du
Quebec, Canada.
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