
CURRENT MEDICAL RESEARCH AND OPINION� 0300-7995

VOL. 25, NO. 1, 2009, 177–185 doi:10.1185/03007990802597456

� 2009 Informa UK Ltd. All rights reserved: reproduction in whole or part not permitted

Antihypertensive efficacy of
olmesartan medoxomil or
valsartan in combination with
amlodipine: A review of
factorial-design studies
C. Venkata S. Ram

Dallas Nephrology Associates, Dallas, TX, USA

Address for correspondence: C. Venkata S. Ram, MD, Dallas Nephrology Associates, University of
Texas, Southwestern Medical Center, 13154 Coit Road, Suite 100, Dallas, TX 75249, USA.
Tel.: þ1 214 366 6412; E-mail: ramv@DNEPH.COM

Key words: Amlodipine – Factorial design – Hypertension – Olmesartan medoxomil – Valsartan

ABSTRACT

Background: Most patients with hypertension require more

than one drug to attain recommended blood pressure (BP)

targets. Initiating therapy with two agents is recommended

for patients at high risk of a cardiovascular event or with a

BP420/10 mmHg above goal. Combination therapy is

effective when comprised of agents with complementary

mechanisms of action, such as calcium channel blockers

(CCBs) and angiotensin II-receptor blockers (ARBs). Two

fixed-dose CCB/ARB combinations are approved in the US:

amlodipine/valsartan (AML/VAL) and amlodipine/olmesar-

tan medoxomil (AML/OM).

Objectives: To review and describe the efficacy of AML/

VAL and AML/OM combinations by discussing similarly

designed clinical trials.

Methods: Three 8-week, randomized, double-blind,

placebo-controlled, parallel-group factorial-design studies

were examined (two AML/VAL; one AML/OM). The study

endpoints presented in this review were: change from

baseline in least-squares mean seated diastolic BP (SeDBP)

and least-squares mean seated systolic BP (SeSBP). In

addition to the efficacies of AML/VAL and AML/OM com-

binations, the efficacies of AML, VAL and OM administered

as monotherapy are presented. Placebo-subtracted BP

reductions were calculated for this review.

Results: Patient demographics were similar but mean

baseline SeBP was higher in the OM study

(163.8/101.6 mmHg) than in the VAL studies (152.8/99.3

and 156.7/99.1 mmHg), possibly suggesting that the

OM study included a more difficult-to-treat patient

population. AML/ARB combinations consistently

produced greater mean SeBP reductions than

monotherapy. Least squares (LS) mean SeDBP reductions

were 19.4 mmHg (AML/OM 10/40 mg; placebo-corrected:

15.9 mmHg) and 18.6 mmHg (AML/VAL 10/320 mg;

placebo-corrected: 9.8 mmHg). LS mean SeSBP reductions

were 28.5 mmHg (AML/OM 10/40 mg; placebo-corrected:

25.7 mmHg) and 28.4 mmHg (AML/VAL 10/320 mg;

placebo-corrected: 15.5 mmHg).

Conclusions: This review of published factorial-

design studies showed that the maximal marketed

doses of an amlodipine/olmesartan medoxomil

combination (10/40 mg) and an amlodipine/valsartan

combination (10/320 mg) produced large reductions in

BP from baseline. Limitations of this review include the

small number of studies analyzed and the inherent

heterogeneity between patient populations. Further

research is warranted to directly compare the

efficacy of these combinations in a randomized,

controlled trial, or additional published clinical trials are

required to provide larger data sets for robust meta-

analyses and to overcome heterogeneity observed

within these studies.

Introduction

Poorly controlled hypertension is associated with an

increased risk of cardiovascular events including

stroke, renal failure, and coronary artery disease1–3.

Cardiovascular mortality risk has been shown to

double with every 20/10 mmHg increase in blood

pressure (BP) above 115/75 mmHg1. Despite the
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availability of effective antihypertensive agents, high

BP remains poorly controlled and the prevalence of

hypertension continues to be unacceptably high4.

Current practice guidelines recommend a goal BP of

5140/90 mmHg for the general population with

hypertension and5130/80 mmHg for patients at high

cardiovascular risk, including those with diabetes2,5.

The majority of patients with hypertension will

require at least two antihypertensive agents to achieve

recommended BP goals2. For patients at high risk of a

cardiovascular event or those with BP420/10 mmHg

above goal, practice guidelines advise initiating therapy

with two agents2,5. To obtain the best possible results,

in terms of both maximization of BP lowering and

minimization of adverse events, combination therapy

should, in principle, be comprised of agents with com-

plementary mechanisms of action2,5–8. Angiotensin

receptor blockers (ARBs) and dihydropyridine calcium

channel blockers (CCBs) are effective classes of antihy-

pertensive agents with distinct and complementary

mechanisms of action5,8–10. CCB/ARB fixed-dose com-

binations are, therefore, emerging as a rational treat-

ment option. Two such combinations, an amlodipine/

valsartan fixed-dose combination and an amlodipine/

olmesartan medoxomil fixed-dose combination, are

available and approved in the US.

To date, three factorial-design studies have been

undertaken in relation to CCBs in combination with

an ARB11,12. Two of these studies investigated amlodi-

pine and valsartan12, and the other investigated amlo-

dipine and olmesartan medoxomil11. Factorial studies

are designed to evaluate whether a specific combina-

tion therapy is more effective than either of the indivi-

dual components used as monotherapy. These studies

have confirmed that combination CCB/ARB therapy

is more effective than either agent alone. To derive

information about the relative efficacy of CCB/ARB

combinations and their constituent components, in

the absence of direct head-to-head trials and given the

similar design of factorial studies and the comparable

patient population, we conducted a comparative

review of results from the available factorial studies.

Methods

The primary efficacy endpoint in all studies was the

change from baseline in mean seated diastolic blood

pressure (SeDBP) at week 8. Change from baseline in

mean seated systolic blood pressure (SeSBP) was a sec-

ondary endpoint. The combined goal BP in the olme-

sartan medoxomil study was5140/90 mmHg for most

patients or5130/80 mmHg for patients with diabetes.

In the valsartan studies, BP response rate was defined

as SeDBP 590 mmHg or a �10-mmHg decrease

from baseline. In all three studies, BP measurements

were taken after the patient had been sitting for 5 min-

utes. Safety profiles were assessed via monitoring of

adverse events, hematology and biochemistry para-

meters, vital signs, physical examinations, and 12-lead

electrocardiography. The olmesartan medoxomil study

was unique in that the protocol specified that the

occurrence and severity of peripheral edema be proac-

tively assessed at each visit on a 5-point severity scale

(no edema¼ 0; mild pitting/slight indentation¼1;

moderate pitting/moderate indentation¼ 2; deep pit-

ting/indentation remains¼3; deep pitting/leg remains

swollen¼ 4)11. In the valsartan studies, the severity of

peripheral edema was not proactively assessed or spe-

cifically reported12.

Results

Study design

All three studies were randomized, double-blind,

placebo-controlled, parallel-group trials of 8 weeks’

duration (Table 1). The olmesartan medoxomil study

was a multicenter US study. Valsartan study 1 was a

multinational study (Belgium, Canada, France,

Germany, Mexico and the US), as was valsartan study

2 (Egypt, France, Germany, Korea, Malaysia, Norway,

Peru, Portugal, Spain and Taiwan). All studies were

conducted according to good clinical practice guide-

lines and in compliance with the Declaration of

Helsinki. Each study received institutional review

board or ethical review committee approval, and all

patients followed procedures ensuring written

informed consent.

Inclusion criteria were the same for both valsartan

studies: patients aged �18 years with mean SeDBP

�95 and5110 mmHg. Patients included in the olme-

sartan medoxomil study were permitted to have a

higher grade of hypertension (allowable SeDBP range

of 95–120 mmHg) than those in the valsartan studies.

Patients with mean SeSBP� 180 mmHg were excluded

from the valsartan studies. SeSBP590 mmHg was not

permitted at any point throughout the olmesartan

medoxomil study, but maximum allowable SeSBP

was left to the discretion of the investigator. Patients

with a history of cardiovascular disease or diabetes

requiring insulin treatment or poorly controlled type

2 diabetes (fasting glycosylated hemoglobin 4 8% at

visit 1) were excluded from all of the studies.

All three studies had a 2-week washout phase during

which patients discontinued any antihypertensive

agents. The two valsartan studies also included a 2- to

4-week single-blind placebo run-in period before the

double-blind active treatment phase. The olmesartan
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medoxomil study employed a 4�3 factorial design in

which 1940 patients were randomized to one of 12

treatment groups: placebo, olmesartan medoxomil

10, 20, or 40 mg/day, amlodipine 5 or 10 mg/day, or

combination therapy with one of the six possible com-

binations of active drug. Valsartan study 1 employed a

5� 3 factorial design in which 1911 patients were ran-

domized to one of 15 groups: placebo, valsartan 40, 80,

160, or 320 mg/day, amlodipine 2.5 or 5 mg/day, or

combination therapy with one of the eight possible

combinations of active drug. Valsartan study 2

employed a 3�2 factorial design in which 1250

patients were randomized to one of six treatment

groups: placebo, valsartan 160 or 320 mg/day, amlodi-

pine 10 mg/day, or combination therapy with one of

the two possible active drug combinations. To mini-

mize the potential for orthostatic adverse events,

patients randomized to receive amlodipine 5 or

10 mg/day plus valsartan 320 mg/day underwent

forced titration after 1 week of treatment with amlodi-

pine 2.5 or 5 mg/day plus valsartan 160 mg/day.

Patients

A total of 1940 patients were randomized to treatment

in the olmesartan medoxomil study and 1911 and 1250

patients in valsartan studies 1 and 2, respectively.

Demographic characteristics of patients in the three

studies are shown in Table 2. In light of the BP inclusion

criteria, not surprisingly, the mean SeBP was highest in

the olmesartan medoxomil study (163.8/101.6 mmHg

vs. 152.8/99.3 and 156.7/99.1 mmHg in the two val-

sartan studies). Although the patients in the olmesartan

medoxomil study would be predominantly described as

a stage 2 hypertension population (SBP � 160 mmHg

or DBP � 100 mmHg) and patients in the valsartan

studies would be predominantly described as a stage 1

hypertension population (SBP 140–159 mmHg or DBP

90–99 mmHg) standard deviations for these values

were not provided and substantial heterogeneity is

likely to exist.

The gender ratios were similar among the studies

with the proportion of men ranging from 50.3% in

the valsartan study 2 to 54.3% in the olmesartan

medoxomil study. The mean age ranged from 54 in

the olmesartan medoxomil study and valsartan study

1 to 57 in valsartan study 2. Patients aged � 65 years

comprised 18.2% and 28.6% of patients in the valsartan

studies 1 and 2, respectively, and 19.8% of patients in

the olmesartan medoxomil study. The mean weight of

patients was highest in the olmesartan medoxomil

study (95.1 kg vs. 88.8–79.7 kg in the valsartan studies).

Table 1. Design and methodology of the amlodipine/ARB factorial studies

Drug combination Study design Entry criteria Treatment arms/drug

doses

Primary efficacy

endpoint

Amlodipine/olmesartan

medoxomil11

Multicenter, rando-

mized, double-

blind, placebo-

controlled 4� 3

factorial design

SeDBP 95–120 mmHg Placebo

AML 5 or 10 mg

OM 10, 20, or 40 mg

AML/OM 5/10, 5/20,

5/40, 10/10, 10/20, or

10/40 mg

Change from base-

line in mean

SeDBP at week 8

Amlodipine/valsartan12

(study 1)

Multicenter, rando-

mized, double-

blind, placebo-con-

trolled 5� 3 factor-

ial design

SeDBP � 95 and

5110 mmHg

Placebo

AML 2.5 or 5 mg

VAL 40, 80, 160, or

320 mg

AML/VAL 2.5/40,

2.5/80, 2.5/320, 5/40,

5/80, 5/160, or 2.5/160

(1 week)!

5/320 mg

Change from base-

line in mean

SeDBP at week 8

Amlodipine/valsartan12

(study 2)

Multicenter, rando-

mized, double-

blind, placebo-

controlled 3� 2

factorial design

SeDBP � 95 and

5110 mmHg

Placebo

AML 10 mg

VAL 160 or 320 mg

AML/VAL 10/160,

5/160 (1 week)!

10/320 mg

Change from base-

line in mean

SeDBP at week 8

AML, amlodipine; ARB, angiotensin receptor blocker; OM, olmesartan medoxomil; SeDBP, seated diastolic blood pressure; VAL, valsartan
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Two-thirds of patients in the olmesartan medoxomil

study were overweight or obese (body mass index

[BMI] � 30 kg/m2) with a mean BMI of approximately

33.5 kg/m2 and the combined mean BMI for the two

valsartan studies was 29.8 kg/m2. The proportion of

white patients ranged from 71.4% in the olmesartan

medoxomil study to 79% in the valsartan studies with

the olmesartan medoxomil study having the highest

proportion of black patients (24.8 vs. 10.4% in valsar-

tan study 1 and 0.4% in valsartan study 2). Patients with

diabetes comprised 13.5% of patients in the olmesartan

medoxomil study. The proportion of patients with dia-

betes was not reported in either of the valsartan studies.

At baseline, 13.6% of patients in the olmesartan

medoxomil study had peripheral edema. Edema was

not reported at baseline as part of the valsartan studies.

Review of the evidence of efficacy

The primary population for analysis in both studies was

the intent-to-treat (ITT) population (all randomized

patients who had a baseline BP measurement and � 1

post-baseline BP measurement after taking double-

blind study medication). Standard errors of the mean

(SE) were reported individually for each dosage in the

olmesartan-based study and were pooled for SeDBP

and SeSBP reductions in the valsartan-based studies.

SeDBP

Placebo was associated with least squares (LS) mean

reductions in SeDBP that ranged from 3.5 mmHg

(SE 0.75) in the olmesartan medoxomil study

(Figure 1) to 6.8 (SE 0.65–0.67) and 8.8 mmHg

(SE 0.62–0.63) in valsartan studies 1 and 2, respectively

(Figures 2 and 3)12.

All active treatments produced greater LS mean

SeDBP reductions than placebo. For the purposes of

this overview, placebo-corrected values were calcu-

lated and presented. For monotherapy with amlodipine

5 mg, the LS mean reduction in SeDBP was

10.0 mmHg (SE 0.75) in the olmesartan study and

11.5 mmHg in the valsartan study 1 (SE 0.65–0.67)

(placebo-corrected values of 6.5 and 4.7 mmHg,

respectively). For monotherapy with amlodipine

10 mg, the LS mean reduction in SeDBP was

13.3 mmHg (SE 0.74) in the olmesartan study and

15.6 mmHg (SE 0.62–0.63) in the valsartan study 2

(placebo-corrected values of 9.8 and 6.8 mmHg,

respectively) (Table 3). Olmesartan medoxomil pro-

duced LS mean reductions ranging from 8.8 mmHg

(SE 0.75) with the 10-mg dose to 10.9 mmHg (SE

0.75) with the 40-mg dose (placebo-corrected values

of 5.3–7.4 mmHg), and valsartan produced LS mean

reductions ranging from 10.1 mmHg (SE 0.65–0.67)
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with the 40-mg dose to 13.4 mmHg (SE 0.62–0.63)

with the 320-mg dose (placebo-corrected values of

3.3–6.6 mmHg) (Table 4).

With the exception of the lowest amlodipine/valsar-

tan (2.5 mg/40 mg) dose pairing, all the amlodipine/

ARB combinations consistently produced greater low-

ering of SeDBP than monotherapy with component

agents. In relation to combination therapy in the olme-

sartan medoxomil study, LS mean SeDBP reductions

ranged from 14.3 mmHg (SE 0.74) with amlodipine

5 mg/olmesartan 10 mg to 19.4 mmHg (SE 0.74)

with amlodipine 10 mg/olmesartan medoxomil 40 mg

(placebo-corrected values of 10.8–15.9 mmHg)

(Table 5). In the valsartan studies, LS mean reductions

ranged from 10.8 mmHg (SE 0.65–0.67) with amlodi-

pine 2.5 mg/valsartan 40 mg to 18.6 mmHg (SE 0.62–

0.63) with amlodipine 10 mg/valsartan 320 mg

(placebo-corrected values of 4.0–9.8 mmHg).

SeSBP

LS mean reductions in SeSBP associated with placebo

ranged from 2.8 mmHg (SE 1.25) in the olmesartan

medoxomil study (Figure 1) to 6.7 mmHg

(SE 1.03–1.06) in valsartan study 1 and 12.9 mmHg

(SE 0.96–0.97) in valsartan study 2 (Figures 2 and 3).

For monotherapy with amlodipine, the LS mean reduc-

tion was 14.3 mmHg (SE 1.24) in the olmesartan

medoxomil study and 15.1 mmHg (SE 1.03–1.06) in

valsartan study 1 (placebo-corrected values of 11.5

and 8.4 mmHg) for the 5-mg dose and from

18.9 mmHg (SE 1.23) in the olmesartan medoxomil

study to 24.1 mmHg (SE 0.96–0.97) in valsartan

study 2 (placebo-corrected values of 16.1 and

11.2 mmHg) for the 10-mg dose (Table 3).

Olmesartan medoxomil produced LS mean SBP

reductions of 10.9 mmHg (SE 1.24) with the 10-mg

dose and 15.4 mmHg (SE 1.24) with the 40-mg dose

(placebo-corrected values of 8.1–12.6 mmHg), and

valsartan produced reductions of 11.8 mmHg

(SE 1.03–1.06) with the 40-mg dose and 19.8 mmHg

(SE 0.96–0.97) with the 320-mg dose (placebo-

corrected values of 5.1–6.9 mmHg) (Table 4). LS

mean reductions in SeSBP were greater with combina-

tion therapy than with any agent given alone. In

relation to combination therapy in the olmesartan

medoxomil study, LS mean SeSBP reductions ranged
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from 22.6 mmHg (SE 1.24) with amlodipine

5 mg/olmesartan medoxomil 20 mg to 28.5 mmHg

(SE 1.24) with amlodipine 10 mg/olmesartan

medoxomil 40 mg (placebo-corrected values of 19.8–

25.7 mmHg) (Table 5). In the valsartan studies, LS

mean reductions ranged from 15.5 mmHg (SE

1.03–1.06) with amlodipine 2.5 mg/valsartan 40 mg

to 28.4 mmHg (SE 0.96–0.97) with amlodipine

10 mg/valsartan 320 mg (placebo-corrected values of

8.8–15.5 mmHg).

Attainment of BP goals

As with reductions in SeBP, goal BP (5140/90 mmHg

or 5130/80 mmHg for patients with diabetes in the

olmesartan medoxomil study) was achieved to the

greatest extent in the combination therapy arms. At

week 8, approximately 49.1–53.2% of patients treated

with the higher dose amlodipine and olmesartan com-

bination therapies reached their BP goal11,12. Bearing in

mind the relatively stringent definition of BP control in

the olmesartan medoxomil study, the proportion of

patients achieving goal DBP (590 mmHg) was 77.6%

with amlodipine/olmesartan medoxomil 10/40 mg and

84.1% with amlodipine/valsartan 10/320 mg11,12.

Review of the evidence of the safety
profiles of the two combinations

The amlodipine/ARB combinations were well-

tolerated, with no unexpected safety concerns. The

incidence of peripheral edema (the most common

adverse event in all studies) was lower with combina-

tion therapy than with amlodipine monotherapy. The

incidence of peripheral edema significantly decreased

from 36.8% with amlodipine 10 mg monotherapy to

23.5% when combined with olmesartan medoxomil

40 mg (p¼ 0.011). Most occurrences of edema were

of mild-to-moderate severity. The incidence of periph-

eral edema in valsartan studies was not broken down

into dosage groups and was not as rigorously examined

as in the olmesartan medoxomil study (overall

incidence decreased from 8.7% with amlodipine

monotherapy to 5.4% with combination amlodipine/

valsartan, p50.05).

Other common adverse events in the olmesartan

medoxomil study included headache (6.7%), dizziness

(3.9%), and fatigue (3.2%), none of which showed con-

sistent differences among active treatment groups.

Other common adverse events in the valsartan studies

included headache (5.1%), nasopharyngitis (3.8%),

upper respiratory tract infection (2.3%), and dizziness

(2.0%). The incidence of headache was significantly

lower in the amlodipine/valsartan combination therapy

arm compared with amlodipine monotherapy (4.3 vs.

7.6%, respectively; p50.05). The overall incidence

of orthostatic hypotension was low in all studies

(0.3–0.5%). With regard to laboratory parameters,
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Figure 3. LS mean reductions in SeDBP and SeSBP

in patients treated with marketed dosages of

amlodipineþ valsartan (study 2)12

Table 3. LS mean reductions in SeDBP and SeSBP after 8 weeks of treatment with amlodipine monotherapy in factorial studies

Amlodipine

doses

SeDBP, mmHg (placebo-corrected) SeSBP, mmHg (placebo-corrected)

Chrysant

et al.11

Philipp et al.

study 112

Philipp et al.

study 212

Chrysant

et al.11

Philipp et al.

study 112

Philipp et al.

study 212

2.5 mg NA �9.3 (�2.5) NA NA �12.4 (�5.7) NA

5 mg �10.0 (�6.5) �11.5 (�4.7) NA �14.3 (�11.5) �15.1 (�8.4) NA

10 mg �13.3 (�9.8) NA �15.6 (�6.8) �18.9 (�16.1) NA �24.1 (�11.2)

LS, least squares; NA, not applicable; SeDBP, seated diastolic blood pressure; SeSBP, seated systolic blood pressure
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there were no clinically significant differences between

treatment groups.

Discussion

A notable difference between the studies was the

inclusion criteria, which led to a patient population

with more severe systolic hypertension in the olmesar-

tan medoxomil study compared with the valsartan

studies (mean baseline SeSBP 163.8 mmHg vs.

152.8–156.7 mmHg). Note that, relative to DBP, goal

SBP is particularly difficult to obtain, requiring drug

doses and combinations that go beyond those necessary

for control of DBP13. Mean baseline SeSBP was rela-

tively high in the olmesartan medoxomil study,

and SBP was included in the definition of goal BP

(5140/90 mmHg or 5130/80 mmHg for patients

with diabetes), whereas the only goal-related results

reported in the valsartan studies were response rates

defined as DBP590 mmHg or a � 10 mmHg reduction

from baseline and control rates defined as

DBP590 mmHg.

The mean baseline DBP was 99.3 and 99.1 mmHg in

the valsartan study 1 and study 2, respectively.

Olmesartan medoxomil study patients started with a

higher baseline mean DBP of 101.6 mmHg.

Consequently, a greater reduction in DBP was neces-

sary in the olmesartan medoxomil study population in

order to achieve a DBP goal of590 mmHg. As would

be expected from these discrepancies, proportions of

patients achieving their target DBP were relatively

high with amlodipine/valsartan versus the proportions

of patients achieving target SBP/DBP with amlodipine/

olmesartan medoxomil.

Placebo response was greater in the valsartan studies

(LS mean SBP reduction of 6.7 and 12.9 mmHg in

study 1 and 2, respectively; and LS mean DBP reduc-

tion of 6.8 and 8.8 mmHg in study 1 and 2, respec-

tively) compared with the olmesartan medoxomil

study (LS mean SBP reduction of 2.8 mmHg and LS

mean DBP reduction of 3.5 mmHg). In the valsartan

studies, patients randomized to the maximum dose

combination were started with 1 week of amlodipine

2.5 mg (study 1) or amlodipine 5 mg (study 2) and

Table 4. LS mean reductions in SeDBP and SeSBP after 8 weeks of treatment with ARB monotherapy in factorial studies

ARB SeDBP, mmHg (placebo-corrected) SeSBP, mmHg (placebo-corrected)

Chrysant et al.11 Philipp et al.

study 112

Philipp et al.

study 212

Chrysant et al.11 Philipp et al.

study 112

Philipp et al.

study 212

Olmesartan

10 mg �8.8 (�5.3) — �10.9 (�8.1) — —

20 mg �9.9 (�6.4) — — �12.8 (�10.0) — —

40 mg �10.9 (�7.4) — — �15.4 (�12.6) — —

Valsartan

40 mg – �10.1 (�3.3) NA — �11.8 (�5.1) NA

80 mg – �9.7 (�2.9) NA — �12.9 (�6.2) NA

160 mg – �11.0 (�4.2) �13.3 (�4.5) — �15.1 (�8.4) �20.2 (�7.3)

320 mg – �13.4 (�6.6) �13.3 (�4.5) — �15.7 (�9.0) �19.8 (�6.9)

ARB,angiotensinreceptorblocker;LS, least squares;NA,notapplicable;SeDBP, seateddiastolicbloodpressure;SeSBP, seatedsystolicbloodpressure

Table 5. LS mean reductions in SeDBP and SeSBP after 8

weeks of treatment with amlodipine/ARB in factorial studies

SeDBP, mmHg

(placebo-

corrected)

SeSBP, mmHg

(placebo-

corrected)

Amlodipine/olmesartan

medoxomil

5 mg/10 mg �14.3 (�10.8) �22.6 (�19.8)

10 mg/10 mg �16.7 (�13.2) �24.8 (�22.0)

5 mg/20 mg �14.6 (�11.1) �22.6 (�19.8)

10 mg/20 mg �17.7 (�14.2) �28.1 (�25.3)

5 mg/40 mg �16.3 (�12.8) �25.1 (�22.3)

10 mg/40 mg �19.4 (�15.9) �28.5 (�25.7)

Amlodipine/valsartan

2.5 mg/40 mg �10.8 (�4.0) �15.5 (�8.8)

5 mg/40 mg �14.6 (�7.8) �19.6 (�12.9)

2.5 mg/80 mg �13.4 (�6.6) �17.0 (�10.3)

5 mg/80 mg �14.5 (�7.7) �20.8 (�14.1)

2.5 mg/160 mg �13.3 (�6.5) �16.7 (�10.0)

5 mg/160 mg �14.2 (�7.4) �19.5 (�12.8)

10 mg/160 mg �17.6 (�8.8) �27.8 (�14.9)

2.5 mg/320 mg �14.2 (�7.4) �18.3 (�11.6)

5 mg/320 mg �15.9 (�9.1) �22.7 (�16.0)

10 mg/320 mg �18.6 (�9.8) �28.4 (�15.5)

ARB, angiotensin receptor blocker; LS, least squares; SeDBP,
seated diastolic blood pressure; SeSBP, seated systolic blood
pressure
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valsartan 160 mg, then up-titrated. In contrast, patients

in the olmesartan medoxomil study were immediately

randomized to the maximum dose combination. This

variation in treatment administration, and differences

in washout protocols prior to study entry, may be a

source of heterogeneity between the studies and in

the patients’ responses to therapy.

The demographics of patients differed substantially

in the racial composition and BMI status between

studies. These differences between study populations

may potentially have had an impact upon BP-lowering

efficacy due to the increased preponderance of diffi-

cult-to-treat patients in the olmesartan study as

opposed to the valsartan studies. For example, hyper-

tension management in obese individuals, who were

greater in number in the olmesartan medoxomil

study, is complicated by poorer response to treatment,

and the increased need for multiple medications14.

The differences in patient demographics should be

considered when interpreting the observation that BP

lowering in the olmesartan study was remarkably simi-

lar to that seen in the valsartan studies. Differences in

demographics may also have accounted for the larger

BP decreases in patients receiving placebo in the valsar-

tan studies. The studies also recruited patients from

different geographical areas, and lifestyle or dietary fac-

tors may also have contributed to heterogeneity

between the studies. Inclusion and exclusion criteria

were also different between the studies. For example,

consumption of more than one pack of cigarettes per

day was a criterion for exclusion from the olmesartan

study but apparently not the valsartan studies.

However, generally the results of this analysis show

that the BP-lowering efficacy of low- and high-dose

combination amlodipine/olmesartan medoxomil and

amlodipine/valsartan are at least comparable. At the

maximal dose, amlodipine 10 mg/olmesartan medoxo-

mil 40 mg provided the largest placebo-corrected

reductions in both LS mean SeDBP and SeSBP

(15.9 and 25.7 mmHg, respectively, as opposed to 9.8

and 15.5 mmHg, respectively, with maximal dose

amlodipine 10 mg/valsartan 320 mg).

At lower doses, reductions in SeSBP tended to be

greater with amlodipine/olmesartan medoxomil versus

amlodipine/valsartan. As opposed to increasing the dose

of a single agent, administering a combination of agents

with complementary modes of action may result in better

BP-lowering efficacy and improved adverse events pro-

file9. CCBs can stimulate release of renin and increased

sympathetic outflow, which is blunted by the addition of

a renin-angiotensin-blocking agent, such as an ARB9. As

opposed to monotherapy, efficacy was enhanced by

CCB/ARB combination therapy in these factorial studies

(additive activity consistent with the complementary

mechanisms described above). Note, however, that com-

bined therapy with valsartan 160 mg in combination with

amlodipine 10 mg has been reported to be unable to

attenuate amlodipine-induced sympathetic activation15.

It is not clear whether differences between the ARBs with

respect to attenuation of amlodipine-induced sympa-

thetic activation could help to explain the difference in

BP-lowering efficacy between different amlodipine/ARB

combinations. Such a hypothesis requires prospective

validation.

In terms of complementary mechanisms in relation

to ARBs, thiazide diuretics represent another rational

add-on class of antihypertensive5,9. Administration of a

diuretic potentiates a similar cascade of events to that

of a CCB9. In the same way that the current review of

factorial-design amlodipine/ARB studies supports the

rational use of this combination therapy for patients

with hypertension, a previously conducted review of

factorial-design ARB/HCTZ (hydrochlorothiazide)

studies supports the rational use of ARB/HCTZ com-

bination therapy16. Note that, in the review of ARB/

HCTZ combinations, high-dose olmesartan 40 mg/

HCTZ 25 mg was associated with the greatest pla-

cebo-corrected reduction in BP as opposed to other

ARB/HCTZ combinations involving irbesartan, telmi-

sartan or valsartan16. This finding is consistent with

findings related to amlodipine/olmesartan medoxomil

versus amlodipine/valsartan in the current review.

Differences between placebo-corrected BP changes

in amlodipine monotherapy-treated patients may be

due in part to the higher mean baseline BP of patients

entering the olmesartan study (Table 2). As well as

reviewing the antihypertensive effects of different

amlodipine/ARB combination therapies, this compari-

son also provided information on the comparative effi-

cacy of ARB monotherapies. For example, olmesartan

medoxomil 40 mg produced a placebo-corrected LS

mean reduction in SeDBP of 7.4 mmHg, and valsartan

320 mg produced placebo-corrected LS mean reduc-

tions of 6.6 and 4.5 mmHg in valsartan studies 1

and 2. As well as improving efficacy, administering a

combination of agents with complementary modes of

action may also result in an improved adverse events

profile9. Risk of edema with CCBs can be ascribed to

potent unopposed arterial vasodilation17, but this can

be counterbalanced by dilation of the venous circula-

tion with renin-angiotensin system blockade9. In the

amlodipine/olmesartan medoxomil and amlodipine/

valsartan factorial studies, safety profiles of both com-

bination therapies were consistent with the known

pharmacologic properties of each of their components,

and amlodipine-induced peripheral edema was par-

tially reduced by combining with an ARB at some

dose combinations.
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Conclusions

This comparison of findings from the literature sup-

ports the rational use of amlodipine/ARB combination

therapy for patients with hypertension. Contextual

comparison of the combinations of amlodipine/

olmesartan medoxomil and amlodipine/valsartan eval-

uated in similarly designed factorial studies revealed

that BP was effectively reduced at the maximal mar-

keted doses of 10 mg/40 mg and 10 mg/320 mg, respec-

tively. This comparison of findings is limited by the

small number of studies analyzed and differences

between patient populations. Determination of which

of the two combinations is more efficacious could be

achieved by a meta-analysis comprising further pub-

lished studies. Such an analysis would negate many of

the sources of heterogeneity inherent within the three

studies compared here. Due to the current unavailabil-

ity of additional study data, an alternative would be a

clinical study encompassing a direct head-to-head trial

of amlodipine 10 mg/olmesartan medoxomil 40 mg

with the maximal marketed dose of amlodipine

10 mg/valsartan 320 mg in order to eliminate poten-

tially confounding aspects of the current analysis.
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