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Abstract Background and objective: Hypertension remains a major global health pro-

blem, and evidence suggests that the majority of patients will require two or

more antihypertensive agents in order to reach specified BP targets. Combining

two drugs from different classes has the potential to target different aspects of

hypertension, whichmay result in additional BP decreases compared with either

agent used alone. This randomized, double-blind, parallel-group, multicentre

trial in patients with moderate-to-severe hypertension (systolic BP [SBP]/
diastolic BP [DBP] ‡160/100mmHg) investigated the additional efficacy in BP re-

duction and BP goal rates (<140/90mmHg for patients without diabetes melli-

tus, <130/80mmHg for patients with diabetes) achieved by adding amlodipine

5 or 10mg/day to olmesartan medoxomil (hereafter olmesartan) 20mg/day in

patients not adequately controlled on olmesartan monotherapy.

Methods: After 8 weeks’ open-label olmesartan 20mg monotherapy, 538 pa-

tients with SBP/DBP ‡140/90mmHg were randomized to 8 weeks’ double-

blind therapy with olmesartan/placebo, olmesartan/amlodipine 20mg/5mg

or olmesartan/amlodipine 20mg/10mg. This trial is registered on the

www.clinicaltrials.gov website (NCT00220220).

Results:After 8 weeks (with last observation carried forward), the adjusted mean

change in seated DBP (SeDBP) from baseline was -7.6mmHg for olmesartan/
placebo, -10.4mmHg for olmesartan/amlodipine 20mg/5mg (p= 0.0006 vs

olmesartan/placebo) and -10.9mmHg for olmesartan/amlodipine 20mg/10mg

(p< 0.0001 vs olmesartan/placebo). Mean changes in SeSBP from baseline with

olmesartan/amlodipine 20mg/5mg and olmesartan/amlodipine 20mg/10mg

were -16.1 and -16.7mmHg, respectively (p < 0.0001 for both dose regimens
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vs olmesartan/placebo). BP goal rates were significantly higher with

olmesartan/amlodipine 20mg/5mg and olmesartan/amlodipine 20mg/10mg

(44.5% and 45.8%, respectively; p = 0.0011 and p= 0.0004, respectively) versus
olmesartan/placebo (28.5%). Combination therapy was well tolerated, and

the incidence of drug-related adverse events was 8.9% for olmesartan/placebo,
7.7% for olmesartan/amlodipine 20mg/5mg, and 11.3% for olmesartan/
amlodipine 20mg/10mg (p= 0.490). Most adverse events were mild in severity

and were well known drug-class issues.

Conclusion: Combining olmesartan and amlodipine resulted in significantly

greater BP lowering in patients not achieving adequate BP control with ol-

mesartan monotherapy, thus allowing a significantly greater proportion of

patients to achieve BP goal.

Background

Hypertension is a major global health pro-
blem. Data from national sample surveys indicate
that the prevalence of hypertension (defined as
systolic BP [SBP]/diastolic BP [DBP] ‡140/
90mmHg) ranges from around 30% in the US[1]

to around 44% in Europe.[2] Since patients with
hypertension are at increased risk of cardiovas-
cular events compared with individuals who are
normotensive,[3-5] BP control to recommended
targets is crucial in the management of cardio-
vascular risk.

European guidelines for management of hy-
pertension state that SBP/DBP levels should be
reduced at least to <140/90mmHg in all patients
with hypertension and that lower values be pur-
sued if tolerated.[4] For patients with diabetes
mellitus, or who are at high risk of cardiovascular
disease, BP should be reduced even lower to
<130/80mmHg,[4] since greater reductions in BP
are associated with greater reductions in cardio-
vascular risk.[6] Patients with moderate-to-severe
hypertension are categorized as high risk, i.e. they
have a >20% likelihood of developing a major
cardiovascular event (fatal and nonfatal stroke and
myocardial infarction) within the next 10 years.[7]

Current evidence suggests that the majority
of patients will require two or more antihyper-
tensive agents from different classes in order
to reach these targets.[4,8,9] The latest guidelines
reflect this need and advocate combination ther-
apy earlier in the treatment algorithm.[4,10] This

has contributed to some recent improvements in
the management of hypertension; however, over-
all rates of BP control are still poor, with data
from recent studies in Europe indicating less than
50% of patients are adequately controlled.[11-13]

The lack of BP control may be ascribed to a
reluctance on the part of many primary-care
providers to use multiple antihypertensive agents
in patients who do not respond adequately to
monotherapy.[14] Not only does BP often remain
above the recommended target despite using the
highest monotherapy dose, increasing the dose
may also lead to increased incidence of adverse
effects, a major cause of poor treatment ad-
herence. Combining drugs from different classes
with complementary or synergistic modes of ac-
tion has the potential to target different aspects of
hypertension, resulting in larger, and in some
cases additive, decreases in BP.[14] Furthermore,
different agents may work in a complementary
manner; the actions of one drug class may im-
prove the side effect profile of another, suggesting
that fewer adverse events are seen with combi-
nation therapy than would be expected from an
additive effect.[14,15]

The use of a combination of a calcium channel
antagonist (calcium channel blocker [CCB]) with
an agent that blocks the renin-angiotensin system
(RAS) for the management of hypertension is
well established for angiotensin-converting en-
zyme (ACE) inhibitors.[16,17] Indeed, the recently
published ACCOMPLISH (Avoiding Cardio-
vascular Events through Combination Therapy
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in Patients Living with Systolic Hypertension)
trial demonstrated that the strategy of combining
a CCB with an ACE inhibitor is superior to
that of an ACE inhibitor plus a diuretic in
high-risk hypertensive patients.[18] In addition,
ONTARGET (ONgoing Telmisartan Alone and
in Combination with Ramipril Global Endpoint
Trial) demonstrated that ACE inhibitors and
angiotensin II type 1 receptor antagonists (an-
giotensin receptor blockers [ARBs]) can be con-
sidered to be equivalent in terms of efficacy and
cardiovascular protection, thereby providing a
rationale for the latest antihypertensive combi-
nation to become available: the combination of
an ARB and a CCB.

The dihydropyridine (DHP) CCB amlodipine
is the most widely used and clinically accepted of
the CCBs, due mainly to its pharmacodynamic
and pharmacokinetic profiles, which distinguish
it from other members of its class.[19] Olmesartan
medoxomil (hereafter olmesartan) is an ARB
with a proven high degree of efficacy[20-22] which
has been used in combination therapy regimens
for several years with hydrochlorothiazide.[23-25]

This study was designed to demonstrate the
additional antihypertensive efficacy achieved by
adding amlodipine to olmesartan therapy in pa-
tients with moderate-to-severe hypertension not

adequately controlled by olmesartan 20mg/day
monotherapy.

Methods

Study Population and Design

This was a randomized, double-blind, parallel-
group, multicentre study undertaken in France,
Germany, Spain, Poland, Russia and Ukraine,
consisting of an 8-week open-label monotherapy
phase (period I) followed by an 8-week double-
blind treatment phase (period II) [figure 1]. The
study was approved by the appropriate inde-
pendent ethics committee at each study centre,
was carried out in compliance with the Declara-
tion of Helsinki (1989), and followed Good
Clinical Practice principles. Signed informed
consent was received from all patients. This trial
is registered on the www.clinicaltrials.gov website
(NCT00220220).

Patients enrolled in the study had to meet
the following inclusion criteria: aged ‡18 years; ei-
ther newly diagnosed with, or with a history
of, moderate-to-severe hypertension (SBP ‡160
mmHg and DBP ‡100mmHg); non-treated pa-
tients or patients in whom it was medically justifi-
able to withdraw treatment and treatment was still

OLM 20 mg randomized to one
of three arms:

1–2 weeks Open-label
8 weeks

* Washout period not required for previously untreated patients and those previously treated with
OLM 20 mg or 40 mg.

Double-blind
8 weeks

Non-responders
OLM/AML 20 mg/5 mg

OLM/AML 20 mg/10 mg

OLM 20 mg/placebo

Period II
Weeks 9–16

Period I
Weeks 0–8

Washout*

Fig. 1. Study design. AML = amlodipine; non-responders to period I= seated diastolic BP ‡90mmHg and seated systolic BP ‡140mmHg
and mean 24 h diastolic BP ‡80mmHg with ‡30% of daytime readings >85mmHg; OLM = olmesartan medoxomil.
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necessary; and willing and able to provide informed
consent. Exclusion criteria included: mean seated
DBP (SeDBP) >115mmHg or mean seated SBP
(SeSBP) >200mmHg; non-response to at least two
conventional antihypertensive treatments; second-
ary or malignant hypertension; significant cardiac,
cardiovascular or cerebrovascular disease; signi-
ficant renal, hepatic, gastrointestinal or haemato-
logical disease/impairment; aortic stenosis; poorly
controlled diabetes; pregnancy; immunosuppres-
sion; history of myocardial infarction, unstable
angina pectoris, percutaneous coronary interven-
tion, congestive heart failure, hypertensive en-
cephalopathy, stroke or transient ischaemic attack
within the last 6 months; requirement for con-
comitant medication that may have interfered with
the objectives of the study; and clinically significant
elevations in laboratory parameters, including
ALT andAST (>2 times the upper limit of normal),
g-glutamyl transferase (>3 times the upper limit of
laboratory reference range) and potassium (above
the upper limit of laboratory reference range) levels.
In addition, patients were excluded if they had
contraindications to amlodipine or olmesartan, or
showed lack of response or contraindication to
other dihydropyridines or ARBs.

At the start of the open-label monotherapy
phase (period I), all newly diagnosed and un-
treated patients were required to have an SeSBP
‡160mmHg and SeDBP ‡100mmHg (measured
using conventional mercury sphygmomano-
meters) at screening, and a mean 24-hour DBP
‡84mmHg and at least 30% of daytime DBP
readings >90mmHg as measured by ambulatory
BP monitoring (ABPM) at visit 2. Eligible pa-
tients who were receiving antihypertensive treat-
ment other than olmesartan at screening did
not have to meet specific BP requirements, but
instead entered a 1- to 2-week taper-off period.
At the end of this taper-off period, patients were
required to have mean SeSBP ‡160mmHg and
mean SeDBP ‡100mmHg, mean 24-hour DBP
‡84mmHg and at least 30% of daytime DBP
readings >90mmHg as measured by ABPM, to
be entered in the run-in period. Eligible patients
who were receiving olmesartan prior to screening
were required to have been previously diagnosed
with moderate-to-severe hypertension and to have

SeSBP ‡140mmHg and SeDBP of ‡90mmHg
at screening and at the start of the open-label
monotherapy period, mean 24-hour DBP
‡80mmHg and at least 30% of daytime DBP
readings >85mmHg as measured by ABPM.
Patients who fulfilled these criteria then received
olmesartan 20mg monotherapy for 8 weeks.

To enter the double-blind phase (weeks 8–16),
patients had to have a BP that was not ade-
quately controlled (SBP ‡140mmHg and DBP
‡90mmHg) by olmesartan 20mg monotherapy
after 8 weeks of open-label treatment. These patients
were randomized to double-blind treatment with
one of three combination regimens: olmesartan
20mg plus placebo, olmesartan/amlodipine
20mg/5mg or olmesartan/amlodipine 20mg/10mg
for an 8-week period (weeks 8–16). Patients were
assigned to treatment groups in a 1 :1 :1 ratio by a
computer-generated randomization schedule pre-
pared by PharmaNet Ltd (HighWycombe, UK) to
ensure blinding. Antihypertensive drugs other than
the study medication were prohibited during the
trial, as were other concomitant medications
that may have interfered with the objectives of the
study.

All BP measurements were carried out at the
doctor’s office using a conventional mercury
sphygmomanometer, with cuff size appropriate
for the patient. At each office visit, three mea-
surements were performed for SeSBP/SeDBP
after the patient had rested for at least 10 minutes
and the mean of the three measurements was
calculated; one measurement was also performed
in the standing position after the patient had
rested for at least 3 minutes. Twenty-four-hour
ABPM was performed using standard boso-TM
2430 (Bosch & Sohn, Jungingen, Germany)
measurement devices. The standing and 24-hour
BP data are not reported in this paper.

Efficacy Endpoints

The primary analysis was based on the full
analysis set (intent-to-treat [ITT] population),
which included all randomized patients who re-
ceived at least one dose of double-blind study
medication, had baseline SeDBP measurements
and at least one post-randomization SeDBP
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measurement. A last observation carried forward
(LOCF) approach was used for missing data
during the double-blind period. In addition, an
observed case (OC) approach was also used in
which the last observation was not carried
forward. The LOCF approach was used for the
primary endpoint, and both LOCF and OC
approaches were performed for each of the sec-
ondary efficacy endpoints on the full analysis set.
In addition, the per-protocol (PP) set was ana-
lysed using the OC approach only.

The primary efficacy endpoint was the mean
change from period II baseline (week 8) to the
end of the double-blind phase (week 16) in trough
SeDBP using the LOCF approach. The baseline
value in this analysis was, therefore, the mean
SeDBP after 8 weeks of open-label treatment
with olmesartan 20mg monotherapy.

Secondary efficacy variables included: mean
change from baseline in trough SeDBP using the
OC approach after 4 and 8 weeks of double-blind
treatment (weeks 12 and 16, respectively); mean
change from baseline in trough SeSBP at the
same time points for the OC set and at week 16
for the LOCF set; and comparison of the pro-
portion of patients who achieved their BP goal
(<140/90mmHg for patients without diabetes,
<130/80mmHg for patients with diabetes) after 4
and 8 weeks of double-blind treatment. A post
hoc analysis was also carried out for patients
who achieved independent systolic and diastolic
targets (SBP <140mmHg and <130mmHg;
DBP <90mmHg and <80mmHg).

Safety Variables

The safety and tolerability of co-administration
of olmesartan and amlodipine after 8 weeks of
double-blind treatment were also assessed. Safety
assessments included treatment-emergent adverse
events (TEAEs), drug-related TEAEs, serious
adverse events (SAEs), clinical laboratory mea-
surements, vital signs, physical assessments and
12-lead ECG assessments. TEAEs were defined
as those with onset after the first dose of ran-
domized study medication. Drug-related TEAEs
were defined as those definitely, probably or pos-
sibly related to study medication according to

the investigator’s judgment. An SAE was defined
as an adverse event deemed to be life threatening or
resulting in death, hospitalization or considered
serious by the study investigators. All laboratory
assessments were evaluated by the investigators as
to their clinical significance.

Statistical Analysis

The primary analysis was performed using an
analysis of covariance (ANCOVA) model with
treatment and centre as effects and baseline
SeDBP as covariate. Centres with low numbers of
patients (<10 patients) were pooled within a
country. The ANCOVA model was used to com-
pare combination therapy versus monotherapy.
Dunnett’s test was used to ensure an overall type I
error of 5%. In addition, a separate ANCOVA
model included a treatment-by-centre interaction
to detect potential differences among centres, and
a treatment-by-baseline interaction to evaluate
the assumption of homogenous covariate slopes
across treatment groups. A sample size of 121 pa-
tients per treatment group was required to com-
plete the 8-week double-blind treatment phase
(a total of 429 randomized patients: at least
143 patients per treatment group, based on a
15% dropout rate). This calculation was based
on an estimated difference in treatment effect
for olmesartan plus amlodipine combination
therapy versus olmesartan monotherapy of
DBP ‡3mmHg, a common standard deviation of
7.5mmHg, 80% power and an overall type I error
of 0.05.

Secondary efficacy variables were analysed
using the same ANCOVA model used for the
primary analysis. All secondary efficacy analyses
used the full analysis (ITT) set and were assessed
using both the LOCF and OC approaches.

The safety set consisted of all patients who
took at least one dose of randomized double-
blind study medication.

Results

Patients

Of 1519 patients screened, 722 patients entered
the open-label phase of the study and received
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olmesartan 20mg. At the end of the open-label
period, 538 patients were randomized to
double-blind treatment with one of the three
treatment regimens and were included in the ITT
population (figure 2). In total, 525 patients com-
pleted the study.

The characteristics of the patients in the safety
set were well balanced across the groups (table I).

Overall, the mean age was 56.8 years, 48.9% of
patients were males and the mean SeSBP/SeDBP
at entry into the open-label period was 170.9/
104.3mmHg. Overall, 27 patients (nine in each
study group) were receiving olmesartan 20mg or
40mg at screening. In patients who were taking
antihypertensive medication other than olme-
sartan 20mg or 40mg at the start of the study,
mean baseline BP measurements and assessment
of BP severity were completed after patients had
been tapered off their prior treatment. All pa-
tients were Caucasian.

Blood Pressure Reduction

MeanbaselineSeSBP/SeDBPat thebeginningof the
randomized double-blind period (following 8 weeks
of open-label olmesartan monotherapy) was 155.9/
97.2mmHg for the olmesartan plus placebo group,
155.8/97.5mmHg for the olmesartan/amlodipine
20mg/5mg group, and 154.9/97.1mmHg for the
olmesartan/amlodipine 20mg/10mg group.

After 8 weeks of double-blind treatment
(week 16), all treatment regimens produced a further
decrease from baseline in SeDBP measurements
(figure 3a). Patients treated with olmesartan
20mg plus placebo achieved a mean 7.6mmHg

1519 patients screened

722 patients entered
open-label monotherapy

phase (period I)

538 patients randomized
to double-blind treatment

(period II)

Reason for
discontinuation:
• Adverse events
 (n = 4)
• Withdrew consent
 (n = 22)
• Did not meet
 randomization
 criteria (n = 102)
• Did not meet
 BP criteria (n = 46)
• Other reasons
 (n = 10)

OLM 20 mg/
placebo
(n = 179)

OLM/AML
20 mg/5 mg

(n = 182)

OLM/AML
20 mg/10 mg

(n = 177)

Fig. 2. Patient flow. AML=amlodipine;OLM= olmesartan medoxomil.

Table I. Baseline characteristics of the safety seta

Characteristic OLM

20mg/placebo
(n= 179)

OLM/AML

20mg/5mg

(n =182)

OLM/AML

20mg/10mg

(n =177)

Overall

(N = 538)

Mean age (y) 56.1 57.6 56.9 56.8

‡65 y 45 (25.1) 54 (29.7) 46 (26.0) 145 (27)

Male 82 (45.8) 89 (48.9) 92 (52.0) 263 (48.9)

BMI (kg/m2) 29.6 28.9 28.8 29.1

Patients with diabetes mellitus 17 (9.5) 17 (9.5) 9 (5.1) 43 (8)

Antihypertensive naı̈ve patients 60 (33.5) 49 (26.9) 72 (40.7) 181 (33.6)

Patients with moderate BPb 127 (70.9) 127 (69.8) 115 (65) 369 (68.6)

Patients with severe BPc 42 (23.5) 46 (25.3) 53 (29.9) 141 (26.2)

SeSBP/SeDBP (mmHg)d 170.9/104.3 170.8/104.4 170.9/104.2 170.9/104.3
a Safety set comprised all patients who took at least one dose of randomized double-blind study medication. Data are given as n (%) except

where otherwise stated.

b Seated systolic BP >159–179mmHg and/or seated diastolic BP 99–109mmHg.

c Seated systolic BP >179mmHg and/or seated diastolic BP >109mmHg.

d Mean seated BPmeasured at the start of the open-label monotherapy period. For patients receiving OLM at screening phase, the BP value

was reflective of concurrent OLM therapy.

AML = amlodipine; BMI =body mass index; OLM =olmesartan medoxomil; SeDBP= seated diastolic BP; SeSBP = seated systolic BP.
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reduction in SeDBP. Both the olme-
sartan/amlodipine 20mg/5mg group and the ol-
mesartan/amlodipine 20mg/10mg group achieved
significant additional mean SeDBP reductions of
2.7mmHg and 3.2mmHg, respectively (p= 0.0006
and p< 0.0001 vs olmesartan plus placebo for ol-
mesartan/amlodipine 20mg/5mg and olmesartan/
amlodipine 20mg/10mg, respectively). After 8
weeks of double-blind treatment, all treatment regi-
mens also provided a further mean reduction from
baseline in SeSBP (figure 3b). Both combinations of
olmesartan/amlodipine achieved significant addi-

tional mean SeSBP reductions over olmesartan plus
placebo (p< 0.0001 vs olmesartan plus placebo for
both combinations).

All treatment regimens resulted in a decrease
inmean SeDBP and SeSBP after as little as 4 weeks
of double-blind treatment (figure 3a and b). The
mean DBP reduction seen with olmesartan plus
placebo after 4 weeks was -6.4mmHg, and sig-
nificantly greater additional reductions were
seen with olmesartan/amlodipine 20mg/10mg
(-2.8mmHg, p= 0.0002 vs olmesartan plus place-
bo). Additional mean SBP reductions at this time

4

OLM 20 mg/
placebo
(n = 179)

OLM/AML
20 mg/5 mg

(n = 182)

OLM/AML
20 mg/10 mg

(n = 177)
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(n = 182)
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20 mg/10 mg

(n = 177)
0

b

a

−2

−4

−6

−8

−10 −9.0

−10.8
−11.8

*

−16.1
***

−15.3
*** −16.7

***

A
dj

us
te

d 
m

ea
n 

ch
an

ge
 in

 S
eS

B
P

 (
m

m
H

g)

−18

−16

−14

−12

Fig. 3. Adjusted mean change in (a) seated diastolic BP (SeDBP) and (b) seated systolic BP (SeDBP) after 4 and 8 weeks of double-blind
treatment (week 4, observed cases; week 8, last observation carried forward). An analysis of covariance model with fixed effects for treatment,
pooled centre and baseline as covariate was used. Adjusted p-values with olmesartan medoxomil (OLM) 20mg/placebo were obtained
by applying Dunnett’s multiple comparison procedure to ensure an overall type I error of 5%. AML = amlodipine. * p <0.05; ** p< 0.001;
*** p< 0.0001 vs OLM 20mg/placebo.
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point were significantly higher than placebo in
both combination therapy groups (-2.9mmHg,
p< 0.05 and -6.3mmHg, p< 0.0001 vs olmesartan
plus placebo for olmesartan/amlodipine 20mg/
5mg and olmesartan/amlodipine 20mg/10mg,
respectively).

Analysis of the PP set at weeks 12 and 16 yielded
results similar to those for the ITT set (data not
shown).

Blood Pressure Goal Rates

Achievement of BP goal within this trial was
defined as <140/90mmHg for patients without dia-
betes and <130/80mmHg for patients with diabetes.
After 8 weeks of double-blind treatment (week 16),
BP goal was achieved in 28.5%, 44.5% and 45.8% of
patients in the olmesartan plus placebo, olmesartan/
amlodipine 20mg/5mg and olmesartan/amlodipine
20mg/10mg groups, respectively (LOCFapproach).
At week 16, the differences between both of the
olmesartan/amlodipine groups and the olmesartan
plus placebo group were statistically significant
(p= 0.0011 and p= 0.0004 for olmesartan/amlodipine
20mg/5mg and 20mg/10mg, respectively).

The combination of olmesartan with amlodi-
pine allowed a greater proportion of patients
to achieve BP control than olmesartan plus pla-
cebo; this was seen as early as week 4 of the
double-blind phase. The proportions of patients
achieving BP control at week 4 of the double-
blind phase were 23.7%, 26.5% and 39.9% for the
olmesartan plus placebo, olmesartan/amlodipine
20mg/5mg and olmesartan/amlodipine 20mg/
10mg groups, respectively (using the OC approach).
The difference in goal rate achievement between the
olmesartan/amlodipine 20mg/10mg group and the
olmesartan plus placebo group after 4 weeks of
double-blind treatment was statistically significant
(p= 0.0005).

A review of the number and proportion of
patients in each of the three treatment groups
achieving BP goal at weeks 12 and 16 in the PP set
yielded similar results (data not shown).

A post hoc analysis was carried out in order to
determine the proportion of patients who reached
independent SBP or DBP goals (i.e. patients who
reached <140mmHg or <130mmHg irrespective

of their diabetes status, or DBP <90mmHg or
<80mmHg irrespective of their diabetes status).
This analysis demonstrated that when a DBP goal
of <90mmHg is considered, 88/179 (49%), 117/182
(64%) and 121/177 (68%) of patients in the
olmesartan plus placebo, olmesartan/amlodipine
20mg/5mg and olmesartan/amlodipine 20mg/10mg
groups, respectively, reached BP goal; of these,
26%, 23% and 23% reached <80mmHg in each of
the respective groups. For the SBP goal of <140
mmHg, 63/179 (35%), 99/182 (54%) and 100/177
(56%) of patients in the olmesartan plus placebo,
olmesartan/amlodipine 20mg/5mg and olmesartan/
amlodipine 20mg/10mg groups, respectively,
reached BP goal; of these, 34%, 36% and 39%
reached <80mmHg in each of the respective
groups.

Safety

During the open-label monotherapy phase,
31 of 722 (4.3%) patients experienced a drug-related
TEAE. The majority of these were mild. Of the
538 patients randomized to a combination regi-
men in the double-blind phase, 50 (9.3%) experi-
enced a drug-related TEAE.

TEAEs, drug-related TEAEs by system organ
class and preferred term and by treatment group,
and discontinuations due to TEAEs, are shown
in table II. The proportions of patients who experi-
enced TEAEs were 21.2% for olmesartan plus pla-
cebo, 17.6% for olmesartan/amlodipine 20mg/5mg,
and 19.8% for olmesartan/amlodipine 20mg/10mg
(p= 0.679, chi-squared [w2] test). The proportions of
patients who experienced drug-related TEAEs were
8.9% for olmesartan plus placebo, 7.7% for olme-
sartan/amlodipine 20mg/5mg, and 11.3% for
olmesartan/amlodipine 20mg/10mg (p = 0.490,
w2 test). Most drug-related TEAEs were mild in
severity and were well known drug-class issues.
The most commonly reported drug-related events
are presented in table II. There were no clinically
meaningful differences in the rates of drug-
related TEAEs among the olmesartan/amlodipine
groups and the olmesartan plus placebo group.

One patient in the olmesartan/amlodipine
20mg/5mg treatment group experienced a seri-
ous adverse event during the double-blind phase.
This event (renal colic) was not considered to be
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drug related by the investigator. Discontinua-
tions due to a TEAE during the double-blind
phase were low and similar in all three treatment
groups (table II). Five patients withdrew from the
study because of an adverse event: two (1.1%) in
the olmesartan plus placebo group (arthralgia
and hypertension), of which one (arthralgia) was
considered to be drug related; one (0.5%) in the
olmesartan/amlodipine 20mg/5mg treatment
group considered to be drug related (dizziness);
and two (1.1%) in the olmesartan/amlodipine
20mg/10mg treatment group, both of which were
considered to be drug related (peripheral oede-
ma). There were no deaths during the study.

Discussion

The results of this study demonstrate that com-
bining olmesartan 20mg with amlodipine 5mg or

10mg results in additional BP lowering, and a
substantially greater proportion of patients
achieving BP goal, compared with continuation
on monotherapy. The additional antihyperten-
sive efficacy provided by olmesartan/amlodipine
combinations over olmesartan monotherapy vali-
dates the concept of using an ARB/amlodipine
combination to treat hypertension, and this is
supported by results from studies involving com-
binations of other ARBs with amlodipine in pa-
tients with mild-to-moderate hypertension.[26,27]

The olmesartan/amlodipine 20mg/10mg dose
was associated with a small numerically greater
reduction in SeDBP and SeSBP at week 8 than
the 20mg/5mg dose. However, the study was
not powered to detect differences between combi-
nation therapy arms, and no valid comparisons can
therefore be made between different combination
doses.

Table II. Summary of treatment-emergent adverse events (TEAEs) and drug-related TEAEs during the double-blind treatment phase in the

safety seta (week 8–16; period II)

Adverse event OLM 20mg/placebo
(n =179)

OLM/AML 20mg/5mg

(n =182)
OLM/AML 20mg/10mg

(n =177)

‡1 TEAEb 38 (21.2)* 32 (17.6)* 35 (19.8)*

‡1 drug-relatedc TEAE 16 (8.9)- 14 (7.7)- 20 (11.3)-

Discontinued due to TEAE 2 (1.1) 1 (0.5) 2 (1.1)

Discontinued due to drug-related TEAE 1 (0.6) 1 (0.5) 2 (1.1)

Drug-related events of specific interest

Headache 3 (1.7)z 6 (3.3)z 4 (2.3)z

Dizziness 2 (1.1) 1 (0.5) 0

Peripheral oedema 1 (0.6) 2 (1.1) 4 (2.3)

Increased blood potassium 1 (0.6) 0 2 (1.1)

Increased g-glutamyl transferase 0 0 2 (1.1)

Hyperkalaemia 2 (1.1) 2 (1.1) 1 (0.6)

Non-drug-related events of specific interest

Headache 5 (2.8) 7 (3.8) 5 (2.8)

Dizziness 3 (1.7) 1 (0.5) 0

Peripheral oedema 2 (1.1) 2 (1.1) 4 (2.3)

Increased blood potassium 1 (0.6) 1 (0.5) 2 (1.1)

Increased g-glutamyl transferase 0 2 (1.1) 3 (1.7)

Hyperkalaemia 2 (1.1) 3 (1.6) 1 (0.6)

a Safety set comprised all patients who took at least one dose of randomized double-blind study medication. Data are given as n (%).

b TEAEs for the double-blind treatment period were defined as those adverse events with onset after the first dose of randomized study

medication. Adverse events were captured up to 14 days after the last dose date of double-blind study medication.

c Drug-related TEAEs were defined as definitely, probably or possibly related to study medication according to the investigator’s judgment.

AML = amlodipine; OLM = olmesartan medoxomil; * p = 0.679, chi-squared [w2] test; - p =0.490, w2 test; z OLM/AML 20mg/5mg p= 0.502,
OLM/AML 20mg/10mg p= 0.723, Fisher’s exact test comparing the OLM/AML groups to OLM/placebo.
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In this study, patients who had been taking
olmesartan 20mg during the open-label phase
experienced greater mean reductions in BP when
subsequently randomized to olmesartan 20mg
and placebo. This is unlikely to have been due to
the greater exposure to olmesartan during weeks
8–16, since previous studies have shown olme-
sartan to be relatively fast acting.[28] It is more
likely to have been due to the well established
placebo effect associated with blinded anti-
hypertensive therapy. This has been shown in a
previous blinded study investigating the effect of
placebo on BP reduction and adverse events in
1292 patients with mild-to-moderate hyperten-
sion; 30% of patients receiving placebo reached
the DBP goal of <90mmHg, while the BP control
rate with active treatment was 58%.[29] The pla-
cebo effect associated with the change from open-
label therapy to double-blind therapy is also a
well established phenomenon and has been
demonstrated in other antihypertensive studies
utilizing a ‘non-responder’ study design.[30,31] In
these studies, non-responders to open-label mono-
therapy were randomized to double-blind treat-
ment with combination therapy or continuation
of monotherapy. In patients receiving monother-
apy during the double-blind period, a significant
BP reduction from baseline was observed, despite
the fact that these patients had failed to respond
to monotherapy during an earlier phase of the
study.

Conversely, open-label, rather than double-blind,
continuation of monotherapy has been shown
not to result in any further reductions in BP. In
OLMEBEST, a prospective randomized, double-
blind study comparing olmesartan monotherapy
and olmesartan/hydrochlorothiazide combination
therapy, non-responders to 8 weeks’ open-label
olmesartan 20mg were randomized to either olme-
sartan dose escalation or addition of low-dose hy-
drochlorothiazide for a further 4 weeks, whereas
responders remained on olmesartan 20mg open
label for the remaining 4 weeks of the study.[32] In-
terestingly, these responders showed little change in
either DBP or SBP with monotherapy continuation,
demonstrating the lack of placebo effect in an un-
blinded setting, and highlighting the relative impact
of placebo in the blinded setting.

The BP goal rates achieved in this study
with combination therapy (up to 45.8%) are
impressive considering that they were achieved in
patients with moderate-to-severe hypertension
who had not responded adequately to ARB
monotherapy. The BP goals used are in accordance
with European[4] and US treatment guidelines,[10]

thereby also taking into account the tighter BP
goals set for diabetic patients. It should also be
noted that evidence supports an SBP target of
<140mmHg for even ‘low-risk’ patients, with still
lower targets advocated for high-risk patients.[7]

In this study, patients treated with combina-
tion therapy responded more quickly and a
higher proportion reached their BP goal at an
earlier time point than those treated with mono-
therapy: approximately 40% of patients achieved
their BP goal with the higher combination dose
by week 4. The importance of early achievement
of BP control is clearly indicated in the 2007
European treatment guidelines.[4] Studies like
VALUE (Valsartan Antihypertensive Long-term
Use Evaluation) have shown that a delay in BP
control is associated with an increased rate of
cardiovascular events.[33] Therefore, current
guidelines recommend that antihypertensive
treatment should be initiated promptly in pa-
tients with grade 3 hypertension, as well as in
grade 1 and 2 hypertension when total cardio-
vascular risk is high or very high. The guidelines
also support the use of initiation of treatment
with two-drug combination regimens in patients
at high or very high cardiovascular risk.

In this study, no tolerability issues were iden-
tified other than those associated with the com-
ponent monotherapies. Overall, drug-related
adverse events were consistent with those ex-
pected with combined ARB/CCB therapy. Inter-
estingly, the overall incidence of adverse events
in patients receiving olmesartan/amlodipine
20mg/5mg was similar to that observed with ol-
mesartan plus placebo. Only in the higher dose
amlodipine combination therapy group was the
rate of adverse events higher than with olme-
sartan monotherapy. In addition, there was a
low overall incidence of peripheral oedema in the
present study. The group that received amlodi-
pine 10mg had a higher rate of oedema (2.3%)
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than patients who received amlodipine 5mg
(1.1%). A similar incidence pattern has been
shown in studies of patients treated with the
combination of valsartan and amlodipine, where
the high dose of amlodipine (10mg) was asso-
ciated with an increased rate of oedema.[26,34]

It should be noted that the incidence of oede-
ma seen with amlodipine in clinical studies can
be affected by the method of oedema reporting.
Active reporting systems (i.e. where the patient
is directly questioned about oedema) typically
result in higher incidence rates than passive-
reporting systems (i.e. where the patient volun-
teers information).[35,36] Both the present study
and the valsartan plus amlodipine studies made
use of a passive reporting system, which may
partially explain these similar patterns and the
seemingly low incidence of oedema.[26,34]

The adverse event rates observed in the present
study irrespective of relationship to treatment
were lower than those reported elsewhere. Ad-
verse events were reported in 17.6% and 19.8%
of patients treated with olmesartan/amlodipine
20mg/5mg and 20mg/10mg, respectively. In
studies of patients treated with valsartan plus
amlodipine, the incidence of adverse events
reported ranged from 40.6% to 44.1%.[26,27,34]

The reasons for this difference are unclear, and
may relate to differences in study design and
execution and/or patient populations.

The efficacy and tolerability of the combination
of olmesartan and amlodipine have been pre-
viously demonstrated in a factorial-design study
comparing olmesartan and amlodipine mono-
therapy and combination therapy.[35] The findings
from the study reported here confirm the clinical
evidence that olmesartan and amlodipine in com-
bination offer superior BP-lowering efficacy and
BP goal achievement with a similar or only slightly
increased rate of adverse events compared with
olmesartan monotherapy. It is notable that the BP
goal rates recorded in this add-on study were
achieved in patients with moderate-to-severe
hypertension who were non-responders to olme-
sartan monotherapy, using stringent guideline-
recommended combined SBP and DBP targets.

The present data are also highly relevant
to clinical practice given that the majority of

patients with hypertension who attend outpatient
clinics (both in specialist and primary-care set-
tings) belong to high- or very high-risk groups
for cardiovascular events.[37] In the recently
published CONTROLRISK study[37] investigat-
ing cardiovascular risk in a broad population of
patients with hypertension, 85% of patients had
a cardiovascular risk factor in addition to hyper-
tension and, notably, this risk was underestimated
by both general practitioners and hypertension
specialists. For patients with increased cardio-
vascular risk, there may be important benefits of
combination olmesartan/amlodipine treatment in
addition to those associated with BP reduction
per se. For example, olmesartan has been shown
to reduce endothelial inflammation,[38] normalize
structural changes in small resistance arteries[39]

and reduce the volume of larger atherosclerotic
carotid plaques.[40] Amlodipine has been shown
to reduce intima-media thickness[41,42] and to
have anti-oxidative properties.[43,44]

Conclusion

This study confirms the fact that the combi-
nation of olmesartan plus amlodipine is an ef-
fective and well tolerated option for the treatment
of moderate-to-severe hypertension in patients
who have not adequately responded to olme-
sartan monotherapy and confirms the positive
benefit-risk ratio for olmesartan and amlodipine
in combination.
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