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In a multicenter, randomized, double-blind trial,
the authors compared the antihypertensive efficacy
of once-daily treatment with the new angiotensin
II type 1 receptor blocker (ARB) olmesartan (20
mg) with recommended starting doses of losartan
(50 mg), valsartan (80 mg), and irbesartan (150
mg) in 588 patients with a cuff diastolic blood
pressure (DBP) of ≥100 and ≤115 mm Hg and a
mean daytime DBP of ≥90 mm Hg and <120 mm
Hg, as measured by ambulatory blood pressure
monitoring. Cuff and ambulatory blood pressures
were monitored at baseline and after 8 weeks of
treatment. All groups were predominantly white
and approximately 62% male, and their mean age
was approximately 52 years. In all groups, mean
baseline DBP and systolic blood pressure (SBP)
were approximately 104 and 157 mm Hg, respec-
tively. The reduction of sitting cuff DBP with
olmesartan (11.5 mm Hg), the primary efficacy
variable of this study, was significantly greater
than with losartan, valsartan, and irbesartan (8.2,
7.9, and 9.9 mm Hg, respectively). Reductions of
cuff SBP with the four ARBs ranged from
8.4–11.3 mm Hg and were not significantly differ-
ent. The reduction in mean 24-hour DBP with

olmesartan (8.5 mm Hg) was significantly greater
than reductions with losartan and valsartan (6.2
and 5.6 mm Hg, respectively) and showed a trend
toward significance when compared to the reduc-
tion in DBP with irbesartan (7.4 mm Hg;
p=0.087). The reduction in mean 24-hour SBP
with olmesartan (12.5 mm Hg) was significantly
greater than the reductions with losartan and val-
sartan (9.0 and 8.1 mm Hg, respectively) and
equivalent to the reduction with irbesartan (11.3
mm Hg). All drugs were well tolerated. The au-
thors conclude that olmesartan, at its starting dose,
is more effective than the starting doses of the
other ARBs tested in reducing cuff DBP in patients
with essential hypertension. (J Clin Hypertens.
2001;3:283–291, 318). ©2001 Le Jacq Communications, Inc.

Angiotensin II receptor blockers (ARBs) are the
newest class of approved antihypertensive

agents and the second class of drugs to exert their
primary antihypertensive action by interrupting the
renin-angiotensin system. ARBs prevent the hyper-
tensive effects of angiotensin II by selective block-
ade of the angiotensin II type 1 (AT1) receptor.1
The success of ARBs in the treatment of hyperten-
sion is reflected in the fact that six of these agents
have been approved for this use since 1994.

Olmesartan medoxomil is a new ARB that was
discovered during a systematic survey of the AT1
binding actions of substituted imidazole-5-car-
boxylic acids.2 It is a prodrug that, following oral
administration, is rapidly and completely de-esteri-
fied in the gut to its active form, in a reaction that is
not cytochrome P-450-dependent.3 This active
metabolite, olmesartan, is a potent and selective
AT1 receptor antagonist, with no agonist activity.3
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In healthy subjects, olmesartan has an elimination
half-life of 12–18 hours,4 a value that is compara-
ble to the longest half-lives of ARBs currently in
clinical use.5 In a dose-ranging study, olmesartan
was shown to be an effective once-per-day drug for
the treatment of hypertension on the basis of ambu-
latory blood pressure measurements, and to have a
safety profile similar to that of placebo.6

Although the pharmacokinetic and pharmacody-
namic properties of olmesartan suggest that at its
starting dose, it should compare favorably with ARBs
already in clinical use for the treatment of hyperten-
sion, a direct comparison of the efficacy of these
agents can be determined only in a head-to-head trial.
Although several previous studies have compared the
antihypertensive efficacy of ARBs on the basis of cuff
blood pressure change,7–9 such comparisons have
largely been against losartan only. Losartan is the first
drug to be marketed within the ARB class and has
been shown to be relatively ineffective for 24-hour
control of blood pressure.9 In the present study, we
compared the efficacy of once-daily olmesartan with
that of losartan, valsartan, and irbesartan in patients
with uncomplicated essential hypertension. All drugs
were given at their recommended initial dosages.
Blood pressure was evaluated with both cuff and am-
bulatory blood pressure monitoring (ABPM).

METHODS
Patients
Male and female patients 18 years of age or older
with essential hypertension were eligible for partici-
pation in this study. To be included, patients were
required to have an average cuff diastolic blood
pressure (DBP) of ≥100 and ≤115 mm Hg and a
mean daytime DBP of ≥90 mm Hg and <120 mm
Hg, as measured by an ABPM device, after success-
ful completion of a 4-week placebo run-in period.
Women were excluded from the study if they were
nursing or were of child-bearing age and were not
using a reliable means of birth control. Other exclu-
sion criteria included any serious disorder that could
limit the ability of the patient to participate in the
trial, significant cardiovascular disease within the
previous 6 months, and secondary hypertension.

No antihypertensive medications, other than the
drugs used in the study, were allowed during the
placebo run-in and active treatment phases of this
trial. Patients were required to stop taking such
medications at least 24 hours prior to receiving the
first dose of placebo in the run-in phase of the study.

Study Design
This randomized, double-blind, parallel-group,
multicenter clinical trial was conducted at 68 sites

in the United States. The study protocol was ap-
proved by an institutional review board at each
site. The study was divided into three phases: ini-
tial screening; 4-week single-blind placebo run-in;
and 8-week double-blind active treatment. During
the screening phase, patients signed an informed
consent agreement and a medical history was
taken. A physical examination, 12-lead electrocar-
diography, and laboratory tests were performed.
Patients fasted for a minimum of 8 hours prior to
collection of blood and urine samples for labora-
tory testing. Sitting cuff blood pressure was mea-
sured with a mercury sphygmomanometer. For all
cuff blood pressure measurements, patients were
seated for a minimum of 5 minutes before the first
measurement. Three recordings were taken, each
separated by a minimum period of 1 minute. The
pulse rate was measured once at the time of the
second blood pressure reading.

Patients who met the entry criteria for the study
during screening entered the 4-week single-blind
placebo run-in phase of the study. Blood pressure
and heart rate were measured at the end of each
week of the run-in period (designated visits 1–4). If
the daily average cuff DBP at both visits 3 and 4
was ≥100 mg Hg and ≤115 mm Hg, and if the dif-
ference between these two daily averages was ≤10
mm Hg, the patient was considered eligible for
ABPM (model #90207, Spacelabs Medical, Red-
mond, WA). ABPM was started in eligible patients
immediately after the cuff blood pressure measure-
ment at visit 4 and was continued for 24 hours. Pa-
tients with a mean daytime DBP of ≥90 mm Hg
and <120 mm Hg by ABPM were eligible for ran-
domization to treatment.

Patients entering the active treatment phase of the
study were randomly assigned to receive a once-daily
dose of one of the following ARBs: 20 mg olmesar-
tan; 50 mg losartan; 80 mg valsartan; or 150 mg
irbesartan. All drugs were provided at the starting
dose recommended by the manufacturer and were
placed in identical capsules that matched the placebo
capsules administered during the run-in phase of the
study. All drugs were taken at breakfast except on
examination days, when medication was not taken
until after blood pressure had been measured. 

Patients in the active treatment phase of the
study were required to visit the clinic prior to tak-
ing their daily dose of medication 2, 4, and 8 weeks
after commencing active treatment. At each visit,
sitting cuff blood pressure was measured in tripli-
cate, heart rate was measured, compliance was as-
sessed by pill count, and patients were queried for
adverse events. The ABPM measurement was re-
peated at week 8 only. If, at any visit, a patient had
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a mean daytime or average sitting cuff DBP that
was ≥120 mm Hg, or if the average sitting cuff sys-
tolic blood pressure (SBP) was ≥200 mm Hg, the
patient was removed from the study and treated
with appropriate antihypertensive medication. 

Acceptance Criteria for ABPM Data
The ABPM devices were programmed to record
blood pressure every 15 minutes throughout a 24-
hour period. Data acquired using ABPM were ac-
ceptable only if administration of medication
occurred between 6:30 a.m. and 9:30 a.m. and
were collected for a minimum period of 24 hours
after administration of drugs. Within the 24-hour
period, only hours with at least one reading were
considered to be valid. Data from the entire 24-
hour collection period were rejected if there were 6
or more nonconsecutive hours with no readings or
2 or more consecutive hours with no readings.

Statistical Design
The primary objective of this study was to assess
the comparative efficacy of olmesartan, losartan,
valsartan, and irbesartan in terms of the reduction
of elevated blood pressure. The primary efficacy
variable was the change in sitting cuff DBP from
baseline to the week 8 visit of the active treatment
phase. The following parameters were secondary
efficacy variables: change in sitting cuff DBP from
baseline to the week 2 and 4 visits; change in sitting
cuff SBP from baseline to the week 2, 4, and 8 vis-
its; and change in mean 24-hour ambulatory DBP
and SBP from baseline to week 8. 

The duration and consistency of 24-hour blood
pressure control were estimated by determining the
DBP and SBP trough-to-peak ratios after 8 weeks
of treatment. These ratios were calculated by deter-
mining the difference between the baseline and
week 8 measurements for each hour of ABPM
recording. The resultant data followed the typical
curves representative of circadian variation in
blood pressure. Plots of the hourly mean values
from each treatment group were fitted by applica-
tion of a seven-term Fourier series.10 The trough-to-
peak ratio was defined as the ratio of the lowest
value of the fitted curve divided by the highest
value of the fitted curve. 

The required sample size of the treatment groups
was estimated by assuming that the decrease in cuff
sitting DBP during treatment with olmesartan
would be 4.4, 3.8, and 3.0 mm Hg greater than the
decreases during treatment with losartan, valsartan,
and irbesartan, respectively. The values used in these
calculations were taken from the results of parallel-
design studies of similar duration to the present

study, as presented in the Food and Drug Adminis-
tration Summary Basis of Approval documents for
losartan, valsartan, and irbesartan. Values for olme-
sartan were taken from previous registrational trials
performed by Sankyo Pharma (Sankyo Pharma,
data on file, 2001). Given expected differences be-
tween drugs and standard deviations, and assuming
an overall one-sided significance level of 0.05 and
90% power, 135 patients per treatment group were
calculated to be required for this trial.

All efficacy analyses were performed on the in-
tent-to-treat population, defined as any patient who
had received at least one dose of study medication
after randomization, and for whom baseline data
and at least one postbaseline measurement were
available.  If a patient discontinued treatment before
the end of the study, the last measurement prior to
removal from the trial was carried forward for
analysis.

Baseline demographic characteristics were sum-
marized and compared among treatment groups.
Categorical variables were analyzed by the χ2 test
and continuous variables were tested with analysis
of variance (ANOVA), with treatment used as a
factor. The changes in blood pressure that occurred
within each treatment group during the study were
analyzed with paired t-tests. A probability (p) of
≤0.05 was considered significant for these analyses.

Differences among treatment groups in the prima-
ry efficacy variable (change in cuff DBP over the 8
weeks of treatment) were analyzed with an analysis
of covariance (ANCOVA) model, with baseline as
the covariate and treatment and center as factors.
The primary statistical comparisons were between
olmesartan and each of the three comparison drugs.
One-sided tests were used to compare the least
squared means computed from ANCOVA models.
To ensure that the overall significance level remained
at 5%, p values were adjusted with a multiple-test
procedure.11 A similar ANCOVA model was used
for all other comparisons of cuff blood pressure, and
for comparisons of ambulatory blood pressure. All
subsequent references to means refer to least squared
means rather than unadjusted raw means. 

Safety
All adverse events reported by patients or observed
by investigators during any stage of the trial were
recorded and assessed for seriousness and relation
to the study drug. The results of all laboratory tests
were assessed by the investigators for clinical signif-
icance and for possible relationship to the study
drug. Adverse event data are presented for the peri-
od of active treatment only and all randomized pa-
tients are included. The clinical and laboratory
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adverse event data were examined by Fisher’s exact
test for differences among treatment groups. Clini-
cally significant changes in physical examination
findings that occurred between screening and the
end of the study were also recorded.

RESULTS
Patient Disposition
A total of 1257 patients were screened for partici-
pation in the trial and 1090 were enrolled in the
placebo run-in phase of the study. Of these, 588
patients entered the treatment phase of the study
and were randomized to olmesartan (n=147),
losartan (n=150), valsartan (n=145), or irbesartan
(n=146). The most common reasons for discontin-
uation prior to randomization were failure to meet
the blood pressure entry criteria (70%) and pa-
tient request (9%). The percentage of patients in
each group who completed the entire 8 weeks of
the study were 93.2%, 91.3%, 91.0%, and 95.9%
for olmesartan, losartan, valsartan, and irbesar-
tan, respectively.

Baseline Demographics
The demographic characteristics of the intent-to-
treat population for cuff analysis of blood pressure
are shown in Table I. There were no significant dif-
ferences in the demographics of the different treat-
ment groups. All groups were predominantly white,
approximately 62% male, and the mean age of all
groups was approximately 52 years. The average
patient had stage 2 hypertension according to DBP.
In all treatment groups, baseline DBP was approxi-
mately 104 mm Hg and baseline SBP approximate-
ly 157 mm Hg.

Cuff Blood Pressure and Heart Rate
Treatment with all four ARBs resulted in significant
decreases in both cuff DBP and SBP from baseline
after 8 weeks of treatment (p<0.001 for all groups).
The mean reduction in cuff DBP achieved with
olmesartan (11.5 mm Hg) was significantly greater
than that with losartan (8.2 mm Hg; p=0.0002),
valsartan (7.9 mm Hg; p<0.0001), or irbesartan
(9.9 mm Hg; p=0.0412) (Figure 1). Over the 8-
week treatment period, therapy with olmesartan
also resulted in a mean reduction of SBP of 11.3
mm Hg. Patients treated with losartan, valsartan,
and irbesartan achieved mean SBP reductions of
9.5, 8.4, and 11.0 mm Hg, respectively, over the
same period. These differences were not statistically
significant at 8 weeks.

The differences in cuff blood pressure reduction
after treatment with olmesartan and each of the three
comparison drugs were apparent within 2 weeks

Table I. Summary of Baseline Demographic Characteristics and Blood Pressure of Patients in the 
Intent-to-Treat Population

OLMESARTAN (20 MG) LOSARTAN (50 MG) VALSARTAN (80 MG) IRBESARTAN (150 MG)

N 145 146 142 145
Age (years) 52.4±8.95 51.6±9.30 51.7±9.62 51.9±9.63
Race (%)

White 75.2 69.2 76.1 66.9
Black 13.8 13.0 10.6 16.6
Other 11.0 17.8 13.3 16.5

Gender (%)
Male 66.9 62.3 57.7 58.6
Female 33.1 37.7 42.3 41.4

Baseline blood pressure
Cuff DBP 104±3.5 104±3.5 104±3.3 104±3.6
Cuff SBP 157±13.3 157±11.9 155±12.1 156±12.8

All values are means±SD. DBP=diastolic blood pressure; SBP=systolic blood pressure

Figure 1. Least squares mean change from baseline in
cuff diastolic blood pressure (DBP) after 8 weeks of
treatment with olmesartan, losartan, valsartan, and
irbesartan.
*p<0.05 vs. olmesartan; †p<0.0005 vs. olmesartan 
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(Table II). At this time, the mean DBP of the olme-
sartan-treated group had decreased by 10.7 mm Hg,
while treatment with losartan had resulted in a mean
decrease of 7.6 mm Hg, and both the valsartan- and
irbesartan-treated patients showed a mean decrease
of 9.0 mm Hg. Similar differences in DBP reduction
among the treatment groups were evident in the
week 4 data (Table II). The differences in DBP re-
sponse between olmesartan and the comparison
drugs were significant for all comparisons at both 2
and 4 weeks. Olmesartan was also significantly more
effective than all three comparison drugs in reducing
SBP after 2 weeks but not at 4 weeks of treatment
(Table II). At 2 weeks mean SBP was reduced by
13.0 mm Hg in the olmesartan-treated group, com-
pared with 8.9 mm Hg in the losartan group
(p=0.001), 9.2 mm Hg in the valsartan group
(p=0.003), and 10.8 mm Hg in the irbesartan group
(p=0.050). At week 4, the changes in SBP with olme-
sartan and the comparison drugs were not signifi-
cantly different. None of the ARBs used in this study
resulted in any significant change in heart rate.

Ambulatory Blood Pressure Monitoring
The results of the 24-hour ABPM measurements
after 8 weeks of treatment are shown in Figure 2.
The overall results were similar to those obtained
with cuff blood pressure measurements. The reduc-
tion in mean 24-hour DBP with olmesartan (8.5
mm Hg) was significantly greater than the reduc-
tion obtained with losartan and valsartan (6.2 and
5.6 mm Hg, respectively) and showed a trend to-
ward significance when compared to the reduction
in DBP seen with irbesartan (7.4 mm Hg; p=0.087). 

A similar pattern of difference was evident in the
ambulatory SBP data. Olmesartan reduced mean
24-hour SBP by 12.5 mm Hg after 8 weeks. This de-
crease was significantly greater than the reduction

achieved by losartan and valsartan (9.0 and 8.1 mm
Hg, respectively) but not statistically different from
the reduction with irbesartan (11.3 mm Hg).

Changes in mean daytime and nighttime DBP and
SBP, as measured by ABPM after 8 weeks of treat-
ment with the various ARBs, are shown in Table III.
For purposes of these measurements, daytime was
defined as 8:00 a.m. to 7:59 p.m. and nighttime as
8:00 p.m. to 7:59 a.m. Treatment with olmesartan
for 8 weeks resulted in a reduction of both mean
daytime DBP and SBP (10.2 and 14.7 mm Hg, re-
spectively) that was significantly larger than the re-
ductions seen with losartan and valsartan but not
significantly different from that seen with irbesartan. 

All of the ARBs in this study had less effect on
blood pressure during the night than during the day.
The drop in mean nighttime DBP with olmesartan
treatment (6.8 mm Hg) was statistically greater than
the nighttime DBP reduction with valsartan and sim-
ilar to the reductions with losartan and irbesartan.
The reduction from baseline in nighttime SBP after 8

Table II. Change in Cuff DBP and SBP After 2 and 4 Weeks of Treatment

OLMESARTAN LOSARTAN VALSARTAN IRBESARTAN

2 Weeks
∆ DBP -10.7 -7.6† -9.0* -9.0*
∆ SBP -13.0 -8.9** -9.2** -10.8*

4 Weeks
∆ DBP -11.4 -8.9† -9.7* -9.9*
∆ SBP -13.4 -11.4 -10.6 -13.2

Least squares mean change from baseline in cuff diastolic blood pressure (DBP) and systolic blood pressure (SBP)
after 2 and 4 weeks of treatment with olmesartan, losartan, valsartan, and irbesartan. 
*p≤0.05 vs. olmesartan; **p≤0.005 vs. olmesartan; †p≤0.0005 vs. olmesartan

Figure 2. Change in least squares mean 24-hour diastolic
(DBP) and systolic blood pressure (SBP) from baseline
after 8 weeks of treatment with olmesartan, losartan,
valsartan, and irbesartan. *p<0.05 vs. olmesartan
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weeks of olmesartan (10.3 mm Hg) was significantly
greater than the reductions with losartan (7.3 mm
Hg) and valsartan (6.1 mm Hg) and similar to the
drop in nighttime SBP with irbesartan (8.8 mm Hg). 

Trough-to-Peak Ratios
The stability of blood pressure control achieved
with each treatment during the 24-hour between-
doses period was also assessed by determination of
the systolic and diastolic trough-to-peak ratios from
the week 8 ABPM data. For SBP, this ratio was
highest for olmesartan (0.69). Losartan, valsartan,
and irbesartan achieved SBP trough-to-peak ratios
of 0.64, 0.55, and 0.62, respectively. For DBP, the
trough-to-peak ratios of olmesartan and losartan
were similar (0.68 and 0.69, respectively), and
higher than those for valsartan (0.48) and irbesar-
tan (0.60). Trough-to-peak ratios from the four
treatment groups were not compared statistically.

Safety
The overall incidence of adverse events was compa-
rable among the four treatment groups. In this
study, 30.6% (n=45) of the patients treated with
olmesartan experienced at least one clinical adverse
event. This compares with 32.0% (n=48) of the
losartan group, 44.8% (n=65) of the valsartan
group, and 35.6% (n=52) of the irbesartan group
(Table IV). Upper respiratory infection, headache,
fatigue, back pain, and dizziness were the most
common complaints. Serious adverse events oc-
curred in a total of four patients after randomiza-
tion (olmesartan, n=1; losartan, n=1; valsartan,
n=2). In the opinion of the investigator, these events
were not related to the study drugs. 

Laboratory adverse events occurred in a total of
21 randomized patients during the period of active
treatment. Eight of these patients received olmesar-
tan (5.4%), five losartan (3.3%), five valsartan

(3.4%), and three irbesartan (2.1%). There were no
significant differences among groups in the overall
incidence of laboratory adverse events, or in the in-
cidence of adverse events within any body system.
Four patients (two losartan, two valsartan) had ele-
vations of alanine aminotransferase or aspartate
aminotransferase of >3x the upper limit of normal
or >3x the baseline value, if the baseline value was
above the normal range. One of these patients had
elevated alanine aminotransferase and γ-glutamyl
transferase levels prior to study treatment; the ele-
vations in two patients decreased after the end of
study treatment; and one patient did not have fol-
low-up levels tested (the investigator did not con-
sider the elevations to be significant).

A total of seven patients discontinued the study
after randomization as a result of clinical or labora-
tory adverse events (olmesartan, n=2; valsartan,
n=4; irbesartan, n=1). Two of these adverse events
were deemed possibly related to treatment (fatigue
and malaise [olmesartan] and cough [valsartan]).

DISCUSSION
Cuff Blood Pressure
Although several previous head-to-head compar-
isons of ARBs in which cuff blood pressure was
used as the primary efficacy variable have been
published,7,8,12,13 all of the previous studies were
comparisons with only losartan, the first ARB mar-
keted. The present study is the first to include more
than two ARBs at recommended starting doses and
to directly compare the antihypertensive efficacy of
more recently introduced ARBs. The principal find-
ing of this study is that treatment with a starting
dose of olmesartan results in a significantly greater
reduction of cuff DBP, the primary efficacy variable
of this trial, than treatment with starting doses of
losartan, valsartan, and irbesartan. The superior ef-
ficacy of olmesartan in reducing cuff DBP was evi-

Table III. Change in Mean Daytime and Nighttime ABPM, DBP, and SBP After 8 Weeks of Treatment With
Olmesartan, Losartan, Valsartan, or Irbesartan

OLMESARTAN LOSARTAN VALSARTAN IRBESARTAN

Day
∆ DBP -10.2 -7.2** -7.0† -8.8
∆ SBP -14.7 -10.9** -10.2** -13.8

Night
∆ DBP -6.8 -5.2 -4.2** -5.9
∆ SBP -10.3 -7.3* -6.1** -8.8

ABPM=ambulatory blood pressure monitoring; DBP=diastolic blood pressure; SBP=systolic blood pressure 
*p≤0.05 vs. olmesartan; **p≤0.005 vs. olmesartan; †p≤0.0005 vs. olmesartan



dent 2 weeks after the initiation of treatment, and
was maintained for the duration of the trial.

As with the change in DBP, the olmesartan-in-
duced reduction in SBP was rapid in onset. Patients
treated with olmesartan experienced a mean reduc-
tion in cuff SBP of 13.0 mm Hg after 2 weeks of
treatment. Mean reductions achieved in the three
comparison groups at 2, but not 4 weeks, were signif-
icantly lower, ranging from 8.9 mm Hg (losartan) to
10.8 mm Hg (irbesartan). The efficacy of olmesartan
was maintained at 4 and 8 weeks (reductions of 13.4
and 11.3 mm Hg, respectively), although the compar-
isons with losartan, valsartan, and irbesartan did not
achieve statistical significance at these time periods. 

The greater efficacy of olmesartan in reducing
trough cuff DBP may be related to its relatively long
half-life (12–18 hours).4 Of the three comparison
drugs used in the current study, irbesartan has the

longest half-life (11–15 hours)14; the half-lives of
losartan (2 hours),15 the active metabolite of losartan,
EXP3174 (4–5 hours),15 and valsartan (6 hours)16 are
all substantially shorter. Since a longer half-life is as-
sociated with a longer duration of action,17 this dif-
ference in pharmacokinetics may partially explain the
differences in efficacy among these four ARBs. As a
corollary, the long half-life of drugs such as olmesar-
tan and irbesartan may minimize the effect of missed
or delayed dosing of medication. A substantial pro-
portion of patients are erratic in the time of day at
which they take once-daily antihypertensive medica-
tion, and this inconsistency in dosing interval is asso-
ciated with less effective control of blood pressure.18

Ambulatory Blood Pressure
ABPM is the most reliable way to test the 24-hour
efficacy of an antihypertensive agent. The use of
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Table IV. Adverse Events During the Active Treatment Period

OLMESARTAN LOSARTAN VALSARTAN IRBESARTAN

N=147 N=150 N=145 N=146

N (%)

Patients with ≥1
AE during active
treatment

Total AEs 45 (30.6) 48 (32.0) 65 (44.8) 52 (35.6)
Drug-related AEs* 12 (8.2) 14 (9.3) 13 (9.0) 11 (7.5)
Serious AEs (total) 1 (0.7) 1(0.7) 2 (1.4) 0 (0.0
Severe AEs (total) 4 (2.7) 2 (1.3) 3 (2.1) 3 (2.1)

Total AES in ≥2% of
patients in any
treatment group

URT infection 4 (2.7) 4 (2.7) 12 (8.3) 8 (5.5)
Headache 7 (4.8) 6 (4.0) 6 (4.1) 8 (5.5)
Fatigue 3 (2.0) 5 (3.3) 3 (2.1) 2 (1.4)
Back pain 1 (0.7) 5 (3.3) 3 (2.1) 2 (1.4)
Dizziness 2 (1.4) 1 (0.7) 2 (1.4) 5 (3.4)
Diarrhea 2 (1.4) 1 (0.7) 1 (0.7) 5 (3.4)
Arthralgia 1 (0.7) 3 (2.0) 3 (2.1) 1 (0.7)
Coughing 3 (2.0) 1 (0.7) 2 (1.4) 1 (0.7)
Pharyngitis 0 (0.0) 4 (2.7) 1 (0.7) 1 (0.7)
Influenza-like symptoms 1 (0.7) 0 (0.0) 1 (0.7) 4 (2.7)
Myalgia 0 (0.0) 1 (0.7) 4 (2.8) 0 (0.0)
Toothache 0 (0.0) 0 (0.0) 4 (2.8) 1 (0.7)
Peripheral edema 1 (0.7) 0 (0.0) 3 (2.1) 1 (0.7)
Migraine 0 (0.0) 3 (2.0) 0 (0.0) 0 (0.0)

AE=adverse event; URT=upper respiratory tract; *adverse events considered by the investigator to be definitely, probably,
or possibly related to study drug administration



ABPM criteria for diagnosis of hypertension per-
mits elimination of patients with white-coat hyper-
tension from clinical trials of hypertension and
provides a continuous record of blood pressure dur-
ing the normal daily activities of the patient.19

Ambulatory blood pressure has been used as a
primary efficacy variable in several previous head-
to-head comparisons of the antihypertensive effec-
tiveness of ARBs.9,20–22 All of these studies involved
direct comparison of the effects of two ARBs on
ambulatory blood pressure and in all but one of
these studies,22 one of the ARBs was losartan. The
present study, by contrast, is the first to compare
antihypertensive efficacy as measured by ABPM in
more than two ARBs in head-to-head fashion.

The results of the present study demonstrated that
olmesartan is more effective than valsartan and losar-
tan in reducing mean 24-hour ambulatory DBP and
SBP after 8 weeks of treatment. Similar reductions in
mean ambulatory DBP and SBP were seen after treat-
ment with olmesartan and irbesartan. This pattern of
antihypertensive superiority to losartan and valsartan,
and similarity to irbesartan, was also seen in both the
daytime and nighttime ABPM measurements.

Magnitude of Blood Pressure Differences Among
Treatments: Relationship With Outcome
Available data suggest that the small differences in
DBP reduction between olmesartan and the other
ARBs in this study (approximately 2–4 mm Hg), sus-
tained over time, may be associated with reductions
in the risk of cardiovascular events. In a comprehen-
sive overview of nine prospective observational stud-
ies involving 420,000 individuals, MacMahon 
et al.23 concluded that a reduction in DBP of 5 mm
Hg is associated with reductions of at least 21% in
the incidence of coronary heart disease and at least
34% in the incidence of stroke. More recently, in the
Hypertension Optimal Treatment (HOT) trial,24

there were 28% fewer myocardial infarctions in the
treatment group with a target DBP of ≤80 mm Hg
than in the group with a target DBP of ≤90 mm Hg,
although the actual difference in mean DBP achieved
by these two groups was only 4.1 mm Hg. A similar-
ly strong association between the risk of adverse car-
diovascular events and both DBP and SBP has also
been demonstrated in special populations, such as
patients with diabetes.24,25 Observations such as
these suggest that the significant differences in DBP
reduction with olmesartan compared to the other
ARBs in the present study may be of clinical value.  

As with DBP, elevations in SBP are associated
with increased risk of coronary heart disease,
stroke, myocardial infarction, occlusive peripheral
arterial disease, and congestive heart failure.26–29

A number of studies have quantified the change
in risk of adverse cardiovascular outcomes associat-
ed with specific changes in SBP. Kannel30 found
that men with SBP of 140–159 mm Hg were at
50%–75% greater risk of cardiovascular disease
than men with SBP of 120–139 mm Hg. In a meta-
analysis of eight trials carried out in elderly patients
with isolated systolic hypertension, Staessen et al.31

found that the relative risks of cardiovascular
events, cardiovascular deaths, stroke, and all-cause
mortality increased by 15%, 22%, 22%, and 26%,
respectively, for each 10 mm Hg increase in initial
SBP. These observations suggest that the ARB-in-
duced reductions in cuff SBP of the magnitude seen
in the present study are very likely to be of clinical
significance.

Trough-to-Peak Ratio
The trough-to-peak ratio is a measure of the consis-
tency of the antihypertensive efficacy of a drug dur-
ing the entire dosing interval. It is an important
parameter because increased blood pressure vari-
ability is associated with increased risk of end-
organ damage in hypertensive patients.32 An
optimal antihypertensive formulation should pro-
vide 24-hour efficacy with a once-daily dose, with
at least 50% of the peak effect remaining after 24
hours.33 Lower ratios may reflect excessive and po-
tentially detrimental decreases in blood pressure at
peak, poor control of hypertension at trough, or ex-
cessive variability of pharmacologic effect.34 This
parameter is also of therapeutic importance if pa-
tients miss a dose of medication.35 All of the agents
assessed in this study had trough-to-peak ratios for
both DBP and SBP that were well above 0.5, with
the exception of valsartan, which had a diastolic
trough-to-peak ratio of  0.48. 

Safety
There were no differences among treatment
groups in the incidence of clinical or laboratory
adverse events. Serious and severe adverse events
were rare in all groups. As a class, ARBs are noted
for having a side effect profile similar to that of
placebo.36 A placebo group was not included in
the current study, but the total adverse event rate
(which ranged from 31% for olmesartan to 45%
for valsartan) is similar to that reported for the
placebo group in several placebo-controlled trials
carried out in hypertensive patients.7,8,12,20

Headache, which is often one of the most com-
mon adverse events in studies involving hyperten-
sive patients, frequently has a lower incidence in
patients treated with ARBs than in those treated
with placebo.8,9,12 Wiklund et al.37 showed that
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the incidence of headache was reduced after 6
months of antihypertensive treatment in all three
target groups in the HOT trial, a finding that sup-
ports the conclusion that lowering elevated blood
pressure reduces the incidence of headache in hy-
pertensive patients.

CONCLUSION
This study has shown that the reduction in cuff DBP
resulting from 8 weeks of treatment with olmesartan
is greater than that seen following treatment with
losartan, valsartan, or irbesartan. Olmesartan also
produced a reduction in cuff SBP that was numeri-
cally greater than, but not statistically significantly
different from, that achieved by the three compari-
son drugs. The observation made in several clinical
trials that small differences in both DBP and SBP are
associated with substantial reductions in the inci-
dence of major cardiovascular events suggests that
small differences in blood pressure reduction be-
tween ARBs may have important long-term effects.
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