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Background A high pulse pressure is an independent
cardiovascular risk factor. It has therefore been suggested
that antihypertensive treatment should not only reduce
systolic blood pressure (SBP) and diastolic blood pressure
(DBP), but should also decrease pulse pressure (SBP
minus DBP). In a previous analysis, we showed that two
angiotensin II type 1 (AT1)-receptor blockers, candesartan
cilexetil and losartan, differed in their effects in reducing
SBP and DBP.

Objective To compare the ef®cacy of candesartan cilexetil
and losartan according to a new approach ± their effect on
pulse pressure ± and to describe the dose±effect
relationship for SBP, DBP and pulse pressure, in a
placebo-controlled study.

Methods After a 4-week placebo run-in period, 268
patients with mild-to-moderate hypertension were
allocated randomly to groups to receive placebo,
candesartan cilexetil (8 mg once daily) or losartan (50 mg
once daily), for 4 weeks. The doses were then doubled to
16 and 100 mg, respectively, for the ®nal 4 weeks of the
study. Clinic blood pressure was measured 24 and 48 h
after each dose of drug or placebo, and ambulatory blood
pressure was monitored from 0 to 36 h after each dose, at
baseline and after 4 and 8 weeks of treatment.

Results Candesartan cilexetil decreased ambulatory pulse
pressure signi®cantly (P ,, 0.05) more than did losartan
during both daytime and night-time, and over the 24 h
period after the previous dose. A different dose±effect

relationship on SBP, DBP and pulse pressure was
observed. The duration of action of candesartan cilexetil
was greater than that of losartan. After a missed dose (i.e.
approximately 24±36 h after the previous dose), mean
ambulatory pulse pressure values after 4 and 8 weeks of
treatment with candesartan cilexetil were lower than those
observed with losartan (P ,, 0.005). Clinic pulse pressure
measurements were consistent with these ambulatory
measurements.

Conclusions AT1-receptor blockers differ both in their
ability to reduce pulse pressure and in their duration of
effect, candesartan cilexetil having a greater and more
sustained effect than losartan. Different dose±effect
relationships on SBP, DBP or pulse pressure were
observed. Further prospective studies based on pulse
pressure are needed to analyse the mechanism of
reduction of pulse pressure and to determine its
prognostic value. J Hypertens 18:1683±1690 & 2000
Lippincott Williams & Wilkins.
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Introduction
Treatment of arterial hypertension is essential for the
prevention of cardiovascular disease [1,2]. High pulse
pressure, which is the difference between systolic blood
pressure (SBP) and diastolic blood pressure (DBP), has
recently been shown to be related to increased artery
stiffness [3±8]. Several trials have also suggested that it
may have predictive value in terms of cardiovascular
complications such as atherosclerosis [9], myocardial
infarction [10±12], increased left ventricular mass
[13,14], and coronary disease [4,8,15]. Thus evidence is
accumulating that pulse pressure may be a predictor of

total and cardiovascular mortality, independently of
other cardiovascular risk factors [1,4,11,12,16±18]. In
assessing the ef®cacy of antihypertensive treatment, it
may therefore be important to determine changes in
pulse pressure in addition to reductions in SBP and
DBP. Most previous studies have been based on clinic
pulse pressure measurements, although it has been
suggested that ambulatory pulse pressure correlates
more closely with organ damage than does clinic pulse
pressure [3,5,7,18±20].

Angiotensin II type 1 (AT1)-receptor blockers are a
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new class of drugs used for the treatment of arterial
hypertension. They have been shown to be at least as
effective at decreasing blood pressure as other classes
of antihypertensive agents, with a good tolerability
[21±27]. The present double-blind, placebo-controlled
study was conducted to compare the duration of effect
of candesartan cilexetil (8±16 mg) with that of losartan
(50±100 mg), using 36 h ambulatory blood pressure
monitoring (ABPM) in patients with mild-to-moderate
hypertension. Results for SBP and DBP have been
published in detail elsewhere [28]. This article presents
an analysis of the effects of these AT1-receptor blockers
according to a new approach ± their ef®cacy on pulse
pressure ± as evaluated by clinic measurements and
ABPM during the normal dosing interval of 24 h and
between 24 and 36 h after the previous dose. It also
describes the different dose±effect relationships ob-
served for SBP, DBP and pulse pressure.

Patients and methods
Patient selection
Men and women, aged 20±80 years, with treated or
untreated mild-to-moderate hypertension, were eligible
for enrolment in the study. The inclusion criteria were
a mean sitting DBP between 95 and 110 mmHg, a
mean sitting SBP of less than 200 mmHg and a mean
ambulatory DBP of at least 85 mmHg during the period
between drug intake and 2200 h (i.e. when the patient
was awake). Exclusion criteria comprised concomitant
diseases that would present safety hazards, concomitant
medications that directly or indirectly act on blood
pressure, and night-shift working. The study was
approved by the Investigational Review Board of each
institution participating in the study and written in-
formed consent was obtained from all patients before
their enrolment.

Study design
This was a multicentre, double-blind, placebo-con-
trolled, three-arm, parallel-group study, with a forced
dose titration. Each patient was allocated to one of the
three parallel groups of the study according to an
unbalanced randomization schedule (3 : 3 : 1 with cande-
sartan cilexetil, losartan and placebo, respectively).
After a 4-week-placebo run-in period, patients received
candesartan cilexetil (8 mg once daily), losartan (50 mg
once daily) or placebo, for 4 weeks. During the subse-
quent 4 weeks, the doses were increased to 16 mg for
candesartan cilexetil and 100 mg for losartan.

Procedures
To compare the ef®cacy and safety of the two AT1-
receptor blockers, clinic blood pressure and heart rate
measurements were taken at each visit. The patients
were also screened for adverse events at these visits.
Laboratory tests were undertaken at the beginning and
end of the trial.

Clinic measurements of blood pressure and heart rate
were performed using a validated automated device
(Omron HEM-705 CP) at all study visits. At each visit,
clinic blood pressure measurements were obtained at
trough-dose time, that is 24 � 2 h after the previous
dose. In addition, in all Canadian centres, clinic blood
pressure assessments were performed at 48 � 2 h after
drug or placebo was administered. Sitting blood pres-
sure was measured three times, at least 1 min apart,
after the patient had rested for at least 5 min. The
mean of the three measures was used for data analysis.

To evaluate the duration of the treatment effect on
blood pressure, ABPM was performed at baseline and
after 4 weeks (lower doses) and 8 weeks (higher doses)
of double-blind treatment. ABPM was performed using
portable monitoring devices (Spacelabs 90207) for the
36 h after the study drug intake, on regular working
days. The devices were programmed to record blood
pressure every 15 min during the daytime period
(0600±2200 h) and every 30 min during the night-time
period (2200±0600 h). Each ABPM report had to meet
the following criteria: a minimum of 24 or 36 h of data
after the dose; at least 75% of the readings valid; a
maximum of two consecutive hours of missing data on
only one occasion. If these criteria were not met,
ABPM was repeated within 7 days.

Statistical analysis
The statistical evaluation of the reduction in pulse
pressure from baseline in response to treatment was
based on an analysis of covariance (ANCOVA). The
linear model in the ANCOVA included treatment,
centre, and a centre-by-treatment interaction as factors,
and the baseline value as a covariate. Adjusted means,
con®dence intervals and P values were obtained from
the ANCOVA ®ttings; a value less than 0.05 was
considered signi®cant.

Results
Baseline characteristics of the study population
The intention-to-treat population consisted of 267 pa-
tients (165 men, 92 women): 115 (72 men, 43 women)
in both the candesartan cilexetil and losartan groups,
and 37 (21 men, 16 women) in the placebo group; mean
age was 55.1 � 9.4 years. At baseline, all groups were
similar regarding age, sex, race (96% white, 2% black,
2% oriental), height, body mass index (29 kg/m2 < for
men and 28 kg/m2 < for women), medical history,
duration of hypertension, blood pressure and heart rate.
The clinic SBP/DBP and heart rate at baseline were
162.1 � 15.1/101.3 � 4.8 mmHg and 76.0 � 11.8 beats/
min for the candesartan cilexetil group, 160.6 � 16.4/
100.1 � 4.8 mmHg and 76.6 � 11.8 beats/min for the
losartan group, and 161.6 � 15.7/100.6 � 4.9 mmHg and
76.1 � 11.9 beats/min for the placebo group.
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Reductions in clinic and ambulatory systolic and diastolic
blood pressures
The reductions in SBP and DBP have been published
elsewhere [28] and are summarized in Figure 1, for
clinic and 24 h ambulatory blood pressure.

Clinic blood pressure

In brief, compared with placebo treatment, both cande-
sartan and losartan signi®cantly reduced clinic sitting
blood pressure 24 h after administration after 4 and 8
weeks of treatment, with a trend for a greater reduction
(P � 0.057) in SBP with candesartan at week 8. When
the doses (week 4 to week 8) were increased from 8 to
16 mg for candesartan and from 50 to 100 mg for
losartan, the adjusted mean changes in clinic blood
pressure with candesartan were signi®cant for both SBP
and DBP 24 h after the dose, but with losartan were
signi®cant only for DBP (Fig. 1).

Ambulatory blood pressure

Both candesartan and losartan signi®cantly reduced
ambulatory blood pressure at week 4 and week 8.
Compared with patients receiving losartan, the group
treated with candesartan cilexetil had a signi®cantly
(P , 0.01) greater reduction in ambulatory SBP. At
week 4, mean SBP reductions during the daytime and
night-time periods with candesartan cilexetil (8 mg)
were 12.3 and 10.7 mmHg, respectively, with corre-
sponding reductions of 8.4 and 6.9 mmHg with losartan
(50 mg). At week 8, mean SBP reductions during the
daytime and night-time periods with candesartan cilex-
etil (8 mg) were 14.5 and 12.4 mmHg, respectively,
with corresponding reductions of 10.3 and 8.2 mmHg
with losartan (100 mg). At week 4, mean reductions in
daytime ambulatory DBP were 7.6 and 6.0 mmHg, and
mean changes in night-time ambulatory DBP were 6.5
and 4.8 mmHg for candesartan and losartan, respec-
tively. At week 8, mean daytime DBP reductions were
9.4 and 7.7 mmHg, and mean changes in night-time
DBP were 8.2 and 5.8 mmHg for candesartan and
losartan, respectively.

The additional reductions in ambulatory SBP and DBP
that were obtained when the dose of losartan was
increased from 50 to 100 mg did not reach statistical
difference. In contrast, ambulatory blood pressure re-
ductions with candesartan cilexetil (16 mg) were signi®-
cantly greater than those seen with candesartan
cilexetil (8 mg) during every period of the ambulatory
blood pressure recording, supporting a dose±response
relationship (Fig. 1).

After 8 weeks of treatment, the reduction in mean
ambulatory SBP and DBP on the day after a missed
dose (0600±1800 h ± that is, 24±36 h after the previous
dose) was signi®cantly better maintained (P < 0.001)
with candesartan cilexetil (reductions of 11.9/

Fig. 1

Mean changes in systolic blood pressure (SBP) and diastolic blood
pressure (DBP) from baseline values in hypertensive patients, 24 h
after a once-daily treatment with candesartan cilexetil (8 mg, week 4;
16 mg, week 8), or losartan (50 mg, week 4; 100 mg, week 8). (a)
clinic values. (b) 24 h ambulatory values; mean blood pressure values
for the 0±24 h and 0±36 h periods after drug administration are
shown. ��P , 0.01, ���P , 0.001 compared with candesartan
(8 mg); �P , 0.05 compared with losartan (50 mg).
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8.0 mmHg) than with losartan (reductions of 6.1/
4.5 mmHg). It was therefore concluded that candesar-
tan cilexetil has a greater antihypertensive effect than
losartan, not only over the normal 24 h dosing interval,
but also after a missed dose [28].

Clinic pulse pressure
Clinic pulse pressure at 24 h after administration of
drug was reduced from baseline with both AT1-receptor
blockers after 4 and 8 weeks of treatment, whereas
clinic pulse pressure at 48 h after dosing was reduced
only with candesartan cilexetil, after 8 weeks of treat-
ment. After 4 weeks, the difference between candesar-
tan cilexetil (8 mg), and losartan (50 mg) was not
signi®cant, both 24 h and 48 h after the administration.
In contrast, at week 8, candesartan cilexetil (16 mg)
decreased pulse pressure signi®cantly (P , 0.05) more
than losartan (100 mg), both 24 h and 48 h after the
administration. The adjusted mean changes in pulse
pressure from baseline to week 8 were ÿ8.2 and
ÿ3.2 mmHg with candesartan cilexetil, and ÿ4.2 and
�1.1 mmHg with losartan, at 24 and 48 h after dosing,
respectively.

Ambulatory pulse pressure
After both 4 and 8 weeks of treatment, ambulatory
pulse pressure was reduced from baseline during the
daytime and night-time periods and over the 24 h
period after drug administration (Table 1) in patients
treated with either candesartan cilexetil or losartan.
Reductions in pulse pressure from baseline after 8
weeks were similar to those after 4 weeks for both
treatments. However, candesartan cilexetil was signi®-
cantly more effective than losartan at reducing pulse
pressure after both treatment periods.

Figure 2 shows the changes in mean 24 h ambulatory
pulse pressure after 4 and 8 weeks of treatment. After 4

weeks of treatment with candesartan cilexetil (8 mg),
pulse pressure was reduced by 4.3 mmHg from base-
line, compared with a reduction of 2.1 mmHg with
losartan (50 mg). The adjusted mean difference of
2.3 mmHg between the treatments was statistically
signi®cant (P , 0.001). Similarly, after 8 weeks of
treatment there was a signi®cant (P � 0.002) difference
(2.2 mmHg) between the 4.5 mmHg reduction in pulse
pressure obtained with candesartan cilexetil (16 mg)
and the 2.3 mmHg reduction obtained with losartan
(100 mg). For the 0±36 h period after drug administra-
tion, results similar to those observed for the 0±24 h
period were obtained. The adjusted mean values were
respectively 47.7, 50.0, and 52.8 mmHg for candesartan,

Table 1. Effects of once-daily treatment with candesartan cilexetil (8 mg in weeks 1±4 of
treatment, and 16 mg in weeks 4±8 of treatment) or losartan (50 mg in weeks 1±4 of
treatment, and 100 mg in weeks 4±8 of treatment) on daytime (0600±2200 h), night-time
(2200±0600 h) and 24 h ambulatory pulse pressure (APP) in patients with mild-to-
moderate hypertension

Placebo Candesartan cilexetil Losartan

Daytime APP (mmHg)
Baseline 55.1 � 11.9 (36) 53.3 � 11.9 (114) 52.4 � 11.5 (111)
Week 4 55.1 � 11.4 (33) 48.7 � 11.0 (110)�� 50.5 � 11.5 (109)
Week 8 54.2 � 12.6 (33) 48.3 � 10.1 (106)�� 50.9 � 11.8 (104)

Night-time APP (mmHg)
Baseline 51.6 � 12.2 (36) 49.8 � 11.7 (114) 50.0 � 10.0 (111)
Week 4 52.8 � 13.4 (33) 45.9 � 10.1 (110)� 47.9 � 10.9 (109)
Week 8 50.4 � 12.1 (33) 45.6 � 10.1 (106)� 48.3 � 10.5 (104)

24 h APP (mmHg)
Baseline 53.7 � 12.0 (36) 51.6 � 11.4 (114) 51.2 � 10.7 (111)
Week 4 53.9 � 12.0 (33) 47.4 � 10.1 (110)��� 49.3 � 11.0 (109)
Week 8 52.6 � 12.1 (33) 47.2 � 9.8 (106)�� 49.7 � 10.9 (104)

Values are mean � SD for the number of patients given in parentheses. �P , 0.05, ��P , 0.01, ���P ,
0.001 compared with losartan.
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Fig. 2

Change from baseline in 24 h ambulatory pulse pressure in patients
with mild-to-moderate hypertension who were given once-daily
treatment with candesartan cilexetil (8 mg in weeks 1±4 of treatment
and 16 mg in weeks 4±8 of treatment), losartan (50 mg in weeks 1±4
of treatment and 100 mg in weeks 4±8 of treatment), or placebo, after
4 and 8 weeks of treatment. Values are adjusted means with 95%
con®dence intervals.

1686 Journal of Hypertension 2000, Vol 18 No 11



losartan, and placebo, with a mean difference of ±
2.3 mmHg between candesartan and losartan [95%
con®dence interval (CI) ÿ3.5 to ÿ1.1 mmHg; P ,
0.001]. At week 8, adjusted mean values were 47.7,
50.3, and 52.3 mmHg respectively for candesartan,
losartan, and placebo, with a mean difference of ±
2.5 mmHg between candesartan and losartan (95% CI
ÿ3.8 to ÿ1.3; P , 0.001). Figure 3 shows the mean
hourly changes in ambulatory pulse pressure from base-
line to 24 h after drug administration after 4 and 8
weeks of treatment with candesartan cilexetil, losartan,
or placebo. Candesartan cilexetil was more effective
than losartan at reducing pulse pressure throughout the
dosing interval.

Ambulatory pulse pressure after a missed dose
To determine the effect of missing a dose, ambulatory
pulse pressure was measured 24±36 h (between 0600
and 1800 h), after the previous dose of candesartan

cilexetil or losartan. With candesartan cilexetil (8 mg),
ambulatory pulse pressure during this period was de-
creased from 51.6 � 11.5 mmHg at baseline to 47.9 �
10.2 mmHg after 4 weeks of treatment. The corre-
sponding value after a further 4 weeks of treatment at
the higher dose of 16 mg was 47.7 � 9.7 mmHg. With
losartan, ambulatory pulse pressure was reduced
from a baseline value of 50.8 � 12.0 mmHg to 49.7 �
11.9 mmHg and 49.7 � 11.3 mmHg, respectively at
weeks 4 (50 mg dose) and 8 (100 mg dose). Reductions
from baseline in adjusted mean ambulatory pulse
pressure 24±36 h after drug administration were 3.5 and
3.8 mmHg, respectively, after 4 and 8 weeks of treat-
ment with candesartan cilexetil, and 1.4 and 1.5 mmHg,
respectively, after 4 and 8 weeks of treatment with
losartan (Fig. 4). The mean differences in pulse pres-
sure of 2.1 and 2.3 mmHg at 4 and 8 weeks, respec-
tively, in favour of candesartan cilexetil over losartan
were statistically signi®cant (P , 0.005).

Discussion
The main aims of this study were to assess the ef®cacy
and duration of action of antihypertensive treatments
using a new approach ± pulse pressure analysis ± and
to investigate whether there may be a different dose±
effect relationship of ef®cacy of antihypertensive ther-
apy on SBP, DBP or pulse pressure.

To our knowledge, this is the ®rst study to show an
effect of AT1-receptor blockade on pulse pressure. This
is an important ®nding, as evidence is accumulating
that pulse pressure may be a predictor of total and
cardiovascular mortality, independently of other cardio-

Fig. 3

Mean changes from baseline in hourly ambulatory pulse pressure in the
interval 0±24 h after drug administration in patients with mild-to-
moderate hypertension given once-daily treatment with candesartan
cilexetil (r), losartan (j) or placebo (m). (a) After 4 weeks of treatment
with candesartan cilexetil (8 mg), losartan (50 mg), or placebo. (b) After
8 weeks of treatment with candesartan cilexetil (16 mg), losartan
(100 mg), or placebo.

0 4 8 12 16 20 24
Time since dose (h)

27

26

25

24

23

22

21

0

1

2

C
ha

ng
e 

fro
m

 b
as

el
in

e 
(m

m
H

g)

(b)

0 4 8 12 16 20 24
Time since dose (h)

26
25
24
23
22
21

0
1
2
3
4

C
ha

ng
e 

fro
m

 b
as

el
in

e 
(m

m
H

g)

(a)

Candesartan
Losartan
Placebo

Week 4 Week 8

P 5 0.005 P 5 0.003

24

22

0

2

4

26

C
ha

ng
e 

in
 a

m
bu

la
to

ry
 p

ul
se

 p
re

ss
ur

e
24

–3
6 

h 
af

te
r d

os
e 

(m
m

H
g)

Fig. 4

Changes from baseline in ambulatory pulse pressure between 24 and
36 h after drug administration in patients with mild-to-moderate
hypertension given once-daily treatment with candesartan cilexetil
(8 mg in weeks 1±4 of treatment and 16 mg in weeks 4±8 of
treatment), losartan (50 mg in weeks 1±4 of treatment and 100 mg in
weeks 4±8 of treatment), or placebo, after 4 and 8 weeks of treatment.
Values are adjusted means with 95% con®dence intervals.
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vascular risk factors [1,4,11,12,16±18]. Both clinic and
ambulatory measurements showed that pulse pressure
was reduced by antihypertensive treatment with the
AT1-receptor blockers, candesartan cilexetil and losar-
tan, although the effect was greater for candesartan
cilexetil. These results cannot be attributed to a
`regression to the mean' phenomenon, as all the results
were compared with those of the placebo group, in
which high reproducibility and no signi®cant changes
over time were observed on pulse pressure, whether by
clinic or by ambulatory assessments of blood pressure.
Candesartan cilexetil was signi®cantly more effective
than losartan at reducing pulse pressure throughout the
normal dosing interval after both 4 and 8 weeks of
treatment. The greater antihypertensive ef®cacy and
longer-lasting effect of candesartan cilexetil compared
with losartan was con®rmed by the results obtained
24±36 h after the previous dose. During this period, the
antihypertensive ef®cacy of candesartan cilexetil per-
sisted to a signi®cantly greater extent than that of
losartan.

The capacity of an antihypertensive agent to extend its
action beyond 24 h is likely to be important, as many
patients inadvertently miss at least one dose of medica-
tion each week [2]. The long duration of action of
candesartan cilexetil appears to be explained by its
receptor-binding kinetics, particularly its slow dissocia-
tion from the receptor [29]. The duration of effect is
not directly related to plasma kinetics, as the elimina-
tion half-life of candesartan from plasma is about 9 h
and plasma concentrations are low 24 h after its admin-
istration [30].

Although candesartan cilexetil (16 mg) reduced clinic
pulse pressure signi®cantly more than did losartan
(100 mg), no signi®cant difference in clinic pulse pres-
sure was observed between the two AT1-receptor
blockers with the lower doses. This contrasts with the
signi®cantly greater reduction in pulse pressure ob-
served by ABPM for both doses of candesartan cilexetil
compared with losartan, and is probably related to the
well-known greater sensitivity of ABPM than of clinic
measurements in evaluating antihypertensive ef®cacy.

Similar conclusions were reached by Kassler-Taub et al.
[31], from a comparative ef®cacy study of two AT1-
receptor blockers in patients with mild-to-moderate
hypertension. They found that the maximally effective
once-daily doses of irbesartan and losartan resulted in
clinically signi®cant differences in blood pressure re-
ductions, highlighting the potential importance of the
pharmacokinetic and pharmacodynamic differences be-
tween drugs in the same therapeutic class. Published
data suggest that losartan administered in a dose of
50 mg twice daily may provide somewhat better 24 h
mean ambulatory blood pressure control than a dose of

100 mg once daily. Although this apparent difference
between losartan and candesartan may suggest that a
twice-daily regimen comparison would tend to favour
losartan relative to candesartan, a comparison using a
regimen other than once-daily should be based upon
the doses of each drug that represent the maximally
effective dose when given using the regimen intended
for comparison [24,31].

The design of this study ± double-blind, randomized,
placebo-controlled, and forced dose titration ± also
offers the possibility of assessing the dose±effect
relationship of antihypertensive drugs on the different
arterial pressures: SBP, DBP and pulse pressure. The
dose±effect relationship analysis of losartan showed no
signi®cant differences between losartan 50 and 100 mg
on SBP, DBP and pulse pressure, thus indicating a
plateau effect reached at 50 mg. With candesartan, the
data showed a dose±response relationship in both clinic
and ambulatory SBP and DBP, but not in pulse
pressure.

Taken together, these data suggest that the dose±
effect relationship may vary for SBP, DBP or pulse
pressure. These differences may be explained, at least
partly, by unequal effects of the drug on the haemody-
namic determinants (cardiac parameters, vascular resis-
tance, arterial compliance, wave re¯ections, re¯ection
sites) of each of the arterial pressures. Further speci®c
pharmacological studies are needed to con®rm this
interesting observation.

Analysis of pulse pressure provides additional useful
information on the ef®cacy of antihypertensive thera-
pies, as it is now established that pulse pressure is a
predictor of cardiovascular risk.

Many studies have shown that a high pulse pressure is
closely associated with artery stiffness and end-organ
damage [4,11,12,16±19,32]. In a long-term study of
cardiovascular mortality in men, Benetos et al. [4]
showed that a high pulse pressure was due to both an
increase in SBP and a decrease in DBP, indicating that
increased pulse pressure is a marker of arterial stiffness
and thus has consequences for cardiovascular mortality.
They observed that, even in a population at relatively
low cardiovascular risk, with mean arterial blood pres-
sure values within the normal range (less than
107 mmHg), a high pulse pressure is a signi®cant
independent predictor of all-cause, cardiovascular and,
particularly, coronary mortality.

In a prospective study, Madhavan et al. [11] assessed
the value of pretreatment pulse pressure as a predictor
of myocardial infarction. They found that a high
pretreatment pulse pressure (at least 63 mmHg) was
associated with subsequent cardiovascular complica-
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tions. Patients with the greatest pretreatment pulse
pressure and either large or small decreases in DBP
during treatment had the greatest risk of myocardial
infarction. The power of a high pulse pressure to
predict myocardial infarction was also reported by Fang
et al. [10] in a study on treated and untreated hyper-
tensive patients.

Ambulatory pulse pressure has several advantages over
clinic pulse pressure as a predictor of cardiovascular
risk. First, pulse pressure may be affected by the clinic
visit [18]; second, values obtained by ABPM are more
reproducible than clinic measurements [3,19,20]; ®nally,
a number of studies have suggested that ambulatory
pulse pressure correlates with end-organ damage more
closely than does clinic pulse pressure [5,18,33].

Moreover, Verdecchia et al. [18] proposed threshold
values for predicting cardiovascular morbidity and mor-
tality of 53 mmHg for 24 h ambulatory pulse pressure
and 65 mmHg for clinic blood pressure, Madhavan et
al. [11] noted an association between subsequent
cardiovascular complications and a pretreatment clinic
pulse pressure greater than 63 mHg. Whether the pulse
pressure reduction may improve the cardiovascular
prognosis of hypertensive patients needs to be analysed
in speci®c large clinical trials. Nevertheless, the results
of this study show that antihypertensive treatment with
angiotensin II antagonists may signi®cantly reduce
pulse pressure. Even though this reduction appears to
be of small amplitude, its signi®cance in terms of
prognosis should not be disregarded. In fact, according
to Fang et al. [10], the difference in pulse pressure
between two population controls and patients with
myocardial infarction was of small amplitude (about
5 mmHg). Moreover, analysis of our data according to
the tertile classi®cation of Verdecchia et al. [18] shows
that the proportions of patients whose pulse pressure
(calculated from the mean over 24 h) was greater than
53 mmHg (higher tertile) at baseline and had been
reduced to no more than 53 mmHg after 8 weeks of
treatment were 48.9, 29.3 and 20.0% in the candesartan,
losartan and placebo groups, respectively. Taken to-
gether, all these data suggest that pulse pressure
reduction, even when of small magnitude, may improve
the cardiovascular prognosis of the patients. Further
speci®c studies are needed to assess this hypothesis
and its possible extrapolation to individuals.

Antihypertensive agents having a vasodilatory action,
such as the angiotensin converting enzyme inhibitors,
have been shown to improve arterial compliance [8,33]
and may thus decrease the higher pulse pressure ob-
served in hypertensive patients. As pulse pressure is
partly related to the arterial stiffness and compliance,
the favourable effect on pulse pressure observed in this
study may be related to an improvement in arterial

compliance with AT1-receptor blockers; this has to be
con®rmed by speci®c studies. The decrease in pulse
pressure may help to reduce end-systolic wall stress
and therefore help to reverse ventricular hypertrophy
[8,14].

The exact relationship between decreases in pulse
pressure and reduction of cardiovascular risk during
antihypertensive treatment remains to be established.

Conclusion
The present study has shown that pulse pressure may
be reduced by antihypertensive therapy with AT1-
receptor blockers. Of the two such blockers studied,
candesartan cilexetil showed signi®cantly greater ef®-
cacy than losartan in reducing pulse pressure through-
out the normal 24 h dosing interval. Furthermore, the
effect of candesartan cilexetil was longer lasting than
that of losartan, with a signi®cant difference between
the two treatments 24±36 h after the previous dose.

The results of this study also suggest a differential
dose±effect relationship on systolic, diastolic, or pulse
pressure, which needs to be con®rmed by speci®c
pharmacological studies.

These observations may have major implications in
terms of the treatment of hypertension, as a high pulse
pressure has been shown to be an independent risk
factor for cardiovascular morbidity and mortality. The
prevention or improvement of end-organ damage by
antihypertensive agents is related to their effects on
SBP and DBP. The measurement of pulse pressure,
which is partly related to arterial structure and function,
could be used to further evaluate the potential of
antihypertensive therapies to provide end-organ protec-
tion.

Appropriate clinical, prospective, and epidemiological
studies, designed to de®ne and validate threshold
values for clinic and ambulatory pulse pressure, would
be of great interest in terms of identifying and treating
those hypertensive patients at high risk of cardio-
vascular disease.

References
1 Guidelines Subcommittee. World Health Organization±International Society

of Hypertension guidelines for the management of hypertension. J Hyper-
tens 1999; 17:151±183.

2 The Sixth Report of the Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure (JNC-VI). Arch Intern Med
1997; 157:2413±2446.

3 Asmar RG, Topouchian JA, Benetos A, Sayegh FA, Mourad J-J, Safar ME.
Non-invasive evaluation of arterial abnormalities in hypertensive patients. J
Hypertens 1997; 15 (suppl 2):S99±S107.

4 Benetos A, Safar M, Rudnichi A, Smulyan H, Richard J-L, DucimetieÁ re P, et
al. Pulse pressure. A predictor of long-term cardiovascular mortality in a
French male population. Hypertension 1997; 30:1410±1415.

5 James MA, Watt PAC, Potter JF, Thurston H, Swales JD. Pulse pressure

Antihypertensive therapy and pulse pressure Asmar and LacourcieÁ re 1689



and resistance artery structure in the elderly. Hypertension 1995; 26:301±
306.

6 Franklin SS, Gustin IV W, Wong ND, Larson MG, Weber MA, Kannel WB,
et al. Hemodynamic patterns of age-related changes in blood pressure. The
Framingham Heart Study. Circulation 1997; 96:308±315.

7 Khattar RS, Acharya DU, Kinsey C, Senior R, Lahiri A. Longitudinal
association of ambulatory pulse pressure with left ventricular mass and
vascular hypertrophy in essential hypertension. J Hypertens 1997; 15:737±
743.

8 Safar ME. Editorial review. Pulse pressure in essential hypertension: clinical
and therapeutical implications. J Hypertens 1989; 7:769±776.

9 Witteman JCM, Grobee DE, Valkenburg HA, Van Hemert AM, Stijnen T,
Burger H, et al. J-shaped relation between change in diastolic blood
pressure and progression of aortic atherosclerosis. Lancet 1994; 343:504±
507.

10 Fang J, Madhavan S, Cohen H, Alderman MH. Measures of blood pressure
and myocardial infarction in treated hypertensive patients. J Hypertens
1995; 13:413±419.

11 Madhavan S, Ooi WL, Cohen H, Alderman MH. Relation of pulse pressure
and blood pressure reduction to the incidence of myocardial infarction.
Hypertension 1994; 23:395±401.

12 Mitchell GF, MoyeÂ LA, Braunwald E, Rouleau JL, Bernstein V, Geltman EM,
et al., for the SAVE Investigators. Sphygmomanometrically determined pulse
pressure is a powerful independent predictor of recurrent events after
myocardial infarction in patients with impaired left ventricular function.
Circulation 1997; 96:4254±4260.

13 Pannier B, Brunel P, El Aroussy W, Lacolley P, Safar M. Pulse pressure and
echocardiographic ®ndings in essential hypertension. J Hypertens 1989;
7:127±132.

14 Safar ME, Laurent S, Safavian A, Pannier B, London G. Pulse pressure in
sustained essential hypertension: a hemodynamic study. J Hypertens 1987;
5:213±218.

15 Franklin SS, Khan SA, Wong ND, Larson MG, Levy D. Is pulse pressure
useful in predicting coronary heart disease? The Framingham Heart study.
Circulation 1999; 100:354±360.

16 Dyer AR, Stamler J, Shekelle RB, Schoenberger JA, Stamler R, Shekelle S,
et al. Pulse pressure ± III. Prognostic signi®cance in four Chicago
epidemiologic studies. J Chron Dis 1982; 35:283±294.

17 DarneÂ B, Girerd X, Safar ME, Cambien F, Guize L. Pulsatile versus steady
component of blood pressure: a cross-sectional and perspective analysis of
cardiovascular mortality. Hypertension 1989; 13:392±400.

18 Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Pede S, Porcellati C.
Ambulatory pulse pressure. A potent predictor of total cardiovascular risk in
hypertension. Hypertension 1998; 32:983±988.

19 Asmar R, Girerd X, Brahimi M, Safavian A, Safar M. Ambulatory blood
pressure measurement, smoking and abnormalities of glucose and lipid
metabolism in essential hypertension. J Hypertens 1992; 10:181±187.

20 Asmar R, Julia P-L, Mascarel V, Fabiani J-N, Benetos A, Safar M. Ambulatory
blood pressure pro®le after carotid endarterectomy in patients with ischae-
mic arterial disease. J Hypertens 1994; 12:697±702.

21 Timmermans PM, Wong CM, Chiu AT, Herblin WF, Ben®eld P, Carini DJ, et
al. Angiotensin II receptors and angiotensin II receptor antagonists. Pharma-
col Rev 1993; 45:205±251.

22 Gradman AH, Arcuri KE, Goldberg AI, Ikeda LS, Nelson EB, Snavely DB, et
al. A randomized, placebo-controlled, double-blind, parallel study of various
doses of losartan potassium compared with enalapril maleate in patients
with essential hypertension. Hypertension 1995; 25:1345±1350.

23 Mimran A, Ruilope L, Kerwin L, Nys M, Owens D, Kassler-Taub K, et al. A
randomized, double-blind comparison of the angiotensin II receptor antago-
nists irbesartan with the full dose range of enalapril for the treatment of
mild-to-moderate hypertension. J Hum Hypertens 1998; 12:203±208.

24 Weber MA, Byyny RL, Pratt JH, Faison EP, Snavely DB, Goldberg AI, et al.
Blood pressure effects of the angiotensin II receptor blocker, losartan. Arch
Int Med 1995; 155:405±411.

25 Heuer HJ, SchoÈ ndorfer G, HoÈ gemann AM. Twenty-four hour blood pressure
pro®le of different doses of candesartan cilexetil in patients with mild to
moderate hypertension. J Hum Hypertens 1997; 11 (suppl 2):S55±S56.

26 Elmfeldt D, George M, HuÈbner R, Olofsson B. Candesartan cilexetil, a new
generation angiotensin II antagonist, provides dose dependent antihyperten-
sive effect. J Hum Hypertens 1997; 11 (suppl 2):S49±S53.

27 McClellan KJ, Goa KL. Candesartan cilexetil. A review of its use in essential
hypertension. Drugs 1998; 56:847±867.

28 LacourcieÁ re Y, Asmar R, for the Candesartan/Losartan Study Investigators.
A comparison of the ef®cacy and duration of action of candesartan cilexetil
and losartan as assessed by clinic and ambulatory blood pressure after a
missed dose, in truly hypertensive patients. A placebo-controlled, forced
titration study. Am J Hypertens 1999; 12:1181±1187.

29 Morsing P, Adler G, Brandt-Eliason U, Karp L, Ohlson K, Renberg L, et al.

Mechanistic differences of various AT1-receptor blockers in isolated vessels
of different origin. Hypertension 1999; 33:1406±1413.

30 HuÈbner R, HoÈ gemann AM, Sunzel M, Riddel JG. Pharmacokinetics of
candesartan after single and repeated doses of candesartan cilexetil in
young and elderly healthy volunteers. J Hum Hypertens 1997; 11 (suppl
2):S19±S25.

31 Kassler-Taub K, Littlejohn T, Elliott W, Ruddy T, Adler E, for the Irbesartan/
Losartan Study Investigators. Comparative ef®cacy of two angiotensin II
receptor antagonists, irbesartan and losartan, in mild-to-moderate hyper-
tension. Am J Hypertens 1998; 11:445±453.

32 Imai Y, Aihara A, Ohkubo T, Nagai K, Tsuji I, Minami N, et al. Factors that
affect blood pressure variability. A community-based study in Ohasama,
Japan. Am J Hypertens 1997; 10:1281±1289.

33 O'Rourke MF. Arterial mechanics and wave re¯ection with antihypertensive
therapy. J Hypertens 1992; 10:S43±S49.

1690 Journal of Hypertension 2000, Vol 18 No 11


	Introduction
	Patients and meth—ods
	Patient selection
	Study design
	Procedures
	Statistical analy—sis
	Results
	Baseline charac—ter—istics of the study
	Reductions in clinic and ambulatory
	Clinic blood pressure
	Ambulatory blood pressure
	Clinic pulse pressure
	Ambulatory pulse pressure
	Ambulatory pulse pressure after a
	Discussion
	Conclusion
	References

