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ABSTRACT 
Background: Hypertension guidelines recommend 

the use of 2 agents having complementary mechanisms 
of action when >1 agent is needed to achieve blood 
pressure (BP) goals. 

Objective: The aim of this study was to compare 
the efficacy and tolerability of combinations of olme- 
sartan medoxomil (OM) and amlodipine besylate with 
those of the component monotherapies in patients 
with mild to severe hypertension. 

Methods: This was a multicenter, randomized, double- 
blind, placebo-controlled, factorial study. Patients who 
were naive to antihypertensive therapy or who under- 
went a washout of previous antihypertensive therapy for 
up to 2 weeks and had a seated diastolic BP (SeDBP) of 
95 to 120 mm Hg were randomized to receive 1 of the 
following for 8 weeks: OM 10, 20, or 40 mg; amlodipine 
(AML) 5 or 10 mg; each possible combination of OM 
and AML; or placebo. The primary end point was the 
change from baseline in SeDBP at week 8, with second- 
ary end points including the change in seated systolic 
blood pressure (SeSBP), the proportion of patients reach- 
ing the BP goal (<140/90 mm Hg; <130/80 mm Hg for 
patients with diabetes), and the proportions of the 
intention-to-treat population reaching BP thresholds of 
<120/80, <130/80, <130/85, and <140/90 mm Hg. Safety 
and tolerability were also evaluated, with a particular 
focus on the incidence and severity of edema. 

Results: Of the 1940 randomized patients, 54.3% 
were male. The mean age of the study population 
was 54.0 years and 19.8% were aged >65 years. The 
mean baseline BP was 164/102 mm Hg, and 79.3% 
of patients had stage 2 hypertension. Combination 
therapy with OM and AML was associated with dose- 
dependent reductions in SeDBP (from -13.8 mm Hg 

with OM/AML 10/5 mg to -19.0 mm Hg with OM/ 
AML 40/10 mg) and SeSBP (from -23.6 mm Hg with 
OM/AML 20/5 mg to -30.1 mm Hg with OM/AML 
40/10 mg) that were significantly greater than the re- 
ductions with the corresponding component mono- 
therapies (P < 0.001). At week 8, the number of pa- 
tients achieving the BP goal ranged from 57 of 163 
(35.0%) to 84 of 158 (53.2%) in the combination- 
therapy groups, from 32 of 160 (20.0%) to 58 of 160 
(36.3%) in the OM monotherapy groups, and from 
34 of 161 (21.1%) to 53 of 163 (32.5%) in the AML 
monotherapy groups (P < 0.005, combination thera- 
pies vs component monotherapies), compared with 14 
of 160 (8.8%) in the placebo group. Achievement of 
the BP thresholds was highest in the combination- 
therapy groups, with 56.3% and 54.0% of patients 
achieving a BP <140/90 mm Hg with OM/AML 20/10 
and 40/10 mg, respectively. Combination therapy was 
generally well tolerated, and no unexpected safety 
concerns emerged in the course of the study. The most 
common adverse events were edema (ranging from 
9.9% [OM 20 mg] to 36.8% [AML 10 mg], compared 
with 12.3 % with placebo) and headache (ranging from 
2.5% [OM/AML 10/5 mg] to 8.7% [OM 20 mg], com- 
pared with 14.2% with placebo). 

Conclusion: The combination of OM and AML 
was effective and well tolerated in this adult popu- 
lation with hypertension. (Clin Ther. 2008;30:587- 
604) © 2008 Excerpta Medica Inc. 
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I N T R O D U C T I O N  
Accarding ta data fram the mast recent Natianal Health 
and Nutritian Examinatian Survey (2003-2004), 1 the 
age-adjusted prevalence af hypertensian in the US 
papulatian is 30% and increasing. Althaugh impraved 
fram the previaus survey (2001-2002), attainment af 
blaad pressure (BP) cantral (BP <140/90 mm Hg) re- 
mains law (36.8 %).1 The increased prevalence af hy- 
pertensian appeared ta be driven by a disprapartian- 
ate increase in prevalence and paar BP cantral amang 
wamen 2 and Mexican Americans.1 A meta-analysis af 
61 praspective, abservatianal studies enralling a tatal 
af 1 millian adults indicated that far every 2-mm Hg 
decrease in systalic BP (SBP), there was a 7% reduc- 
tian in the risk af cardiavascular martality and a 10% 
reductian in the risk af strake martality. 3 Mareaver, 
it has been estimated that cantralling BP ta the levels 
recammended in current guidelines wauld prevent 
370,000 caranary events in men and 150,000 cara- 
nary events in wamen aver 10 years. 4 

One af the main reasans far paar BP cantral has 
been the reluctance af physicians ta intensify antihy- 
pertensive therapy in patients wha have nat reached 
their BP gaal. 5 Large trials have faund that BP gaals 
can be achieved in mast patients with hypertensian; 
hawever, the majarity af patients will require >2 anti- 
hypertensive agents. 6-1° Bath US and Eurapean guide- 
lines recammend that physicians cansider starting 
therapy with 2 agents in patients wha are at high car- 
diavascular risk ar wha have a BP >20/10 mm Hg 
abave gaal. 11,12 The Seventh Repart af the Jaint Na- 
tianal Cammittee an Preventian, Detectian, Evalua- 
tian, and Treatment af High Blaad Pressure 11 (JNC 7) 
recammends that drug cambinatians be used, if indi- 
cated, as initial therapy far mast patients with stage 2 
hypertensian (SBP >160 mm Hg ar diastalic BP [DBP] 
>100 mm Hg) ta accelerate achievement af BP targets, 
as well as ta avaid multiple drug-titratian steps and 
multiple patient visits. 

When cantemplating cambinatian therapy, the use 
af antihypertensive agents having different mecha- 
nisms af actian may augment averall BP-lawering ef- 
fects. 11 Furthermare, the actians af ane agent may 
ameliarate the adverse effects af anather. Far example, 
dihydrapyridine calcium channel blackers (CCBs) are 

patent vasodilatars and are intrinsically natriuretic, 
inducing a state af negative sadium balance 13 and lead- 
ing ta stimulatian af the renin-angiatensin-aldasterane 
system (RAAS); an the ather hand, drugs such as 
angiatensin-receptar blackers (ARBs) and angiatensin- 
canverting enzyme (ACE) inhibitars black the RAAS 
and, when used in cambinatian with a CCB, reinfarce 
the antihypertensive effects af the CCB. 14 Peripheral 
edema, ane af the adverse events mast cammanly as- 
saciated with dihydrapyridine CCBs, is likely ta result 
fram preferential arterialar vasadilatatian and an in- 
crease in the pressure gradient between the arterialar 
and venular capillaries, leading ta exudatian af inter- 
stitial fluid. 15,16 This effect may be ameliarated by 
cancamitant administratian af ARBs ar ACE inhibi- 
tars, which lawer precapillary resistance, narmalize 
intracapillary pressure, and reduce fluid exudatian. 15-18 

Amang newer antihypertensive cambinatians ta 
became available are fixed-dase cambinatians af an 
ARB and a dihydrapyridine CCB. The cambinatian af 
almesartan medaxamil (OM) and amladipine is indi- 
cated far use when initial treatments are ineffective in 
achieving the BP gaal. Cambinatian therapies are af- 
ten evaluated in studies having a factarial design, in 
which each dase af manatherapy is campared with 
each passible cambinatian af these dases. This allaws 
camparisan af the efficacy af the cambinatian with 
that af the individual manatherapy campanents, with 
the manatherapies campared with placeba far inter- 
nal validity. 19 

The Cambinatian af Olmesartan Medaxamil and 
Amladipine Besylate in Cantralling High Blaad Pres- 
sure (COACH) study was an 8-week factarial study 
with the abjective af assessing the antihypertensive 
efficacy af the cambinatian af OM and amladipine 
(AML) at variaus dases campared with the respective 
manatherapy campanents in patients with mild ta 
severe hypertensian. Anather abjective was ta evalu- 
ate the safety prafile af the cambinatians relative ta 
manatherapy, with a particular facus an the incidence 
and severity af edema. 

PATIENTS AND METHODS 
Study Population 

Study participants were recruited fram patients pre- 
senting ta the research sites (primary care practices, 
specialist practices, haspitals, ar research centers). 
Patients were eligible far randamizatian if they were 
aged >18 years, had a mean seated DBP (SeDBP) af 
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95 to 120 mm Hg at both the visit before randomiza- 
tion and the randomization visit, and had a difference 
of <10 mm Hg between the 2 mean SeDBP measure- 
ments. Patients with a history of cardiovascular dis- 
ease or uncontrolled diabetes or who smoked >1 pack 
of cigarettes per day were excluded. Patients also were 
excluded if they had an SeDBP >120 mm Hg, had 
laboratory values or systemic disease considered clini- 
cally significant by the investigator, or were taking any 
medication that could interfere with the objectives of 
the study. 

Study Design 
This was an 8-week, randomized, double-blind, 

factorial study conducted at 172 clinical sites in the 
United States. The study was conducted in accordance 
with institutional review board (IRB) regulations, the 
Declaration of Helsinki, and good clinical practice 
guidelines. All patients provided written informed 
consent at screening. All medications were provided to 
patients free of charge; patients were compensated for 
travel expenses and time, as approved by the IRB, but 
received no other compensation. 

After the screening visit, eligible patients who had 
not been taking antihypertensive medications for at least 
2 weeks before screening were immediately random- 
ized to receive 1 of the following for 8 weeks: OM 
monotherapy (10, 20, or 40 mg), AML monotherapy 
(5 or 10 mg), combination therapy (including all pos- 
sible combinations of the monotherapy doses of OM 
and AML), or placebo. Patients who were taking anti- 
hypertensive medications at the screening visit entered 
a washout phase of up to 2 weeks, during which all 
antihypertensive medications were withdrawn. If pa- 
tients met the criteria for inclusion after withdrawal 
of antihypertensive medications, they were random- 
ized to 1 of the 12 groups. Randomization was ac- 
complished by assigning each patient a unique 4-digit 
number via an interactive voice-response system. 

Patients were given 2 weeks' worth of medication 
at each visit and were instructed to take their medica- 
tion at the same time each day (_+2 hours), except on 
the day of a visit. Clinic visits were scheduled for 2, 4, 
6, and 8 weeks after randomization. Patients who did 
not return for a scheduled clinic visit received tele- 
phone and mail follow-ups, including certified letters. 
The case-report forms of all patients who were lost to 
follow-up were reviewed to ensure that the withdraw- 
al was not the result of an adverse event. 

Patients with an SeDBP >120 mm Hg or a seated 
systolic BP (SeSBP) <90 mm Hg at any time during the 
study (including the washout phase) were removed at 
that time, and their original antihypertensive regimen 
was reinstituted or appropriate therapy initiated. The 
maximum allowable SeSBP was left to the discretion 
of the investigator. Efficacy and safety were evaluated 
after 2, 4, 6, and 8 weeks of blinded treatment. 

A physical examination was performed at screen- 
ing, and vital signs, including BP and heart rate, were 
obtained at all scheduled visits. A 12-lead electrocar- 
diogram was performed at screening, randomization, 
and week 8, and was analyzed by eResearch Technolo- 
gy (Philadelphia, Pennsylvania). BP was measured using 
a validated automated BP-monitoring device (Model 
HEM-705CP, Omron Healthcare, Inc., Bannockburn, 
Illinois) with a cuff of an appropriate size. After the 
patient had rested for 5 minutes, 3 separate seated BP 
(SeBP) measurements were obtained at least 1 minute 
apart, and the mean of the 3 measurements was 
recorded. 

Standardization across investigator sites was main- 
tained through establishment of a detailed clinical pro- 
tocol and through monitoring for adherence to the pro- 
tocol by Medpace Inc., Cincinnati, Ohio. 

Efficacy Variables 
The primary efficacy variable was the change from 

baseline in mean SeDBP at week 8, using last-observation- 
carried-forward (LOCF) methodology for patients who 
did not complete the study protocol. Secondary effi- 
cacy variables included the change from baseline in 
mean SeSBP at week 8 (LOCF); the mean change from 
baseline in SeDBP and SeSBP at weeks 2, 4, 6, and 8 
without LOCF; and the proportion of patients achiev- 
ing the JNC 7-recommended BP goal (<140/90 mm 
Hg; <130/80 mm Hg for patients with diabetes 11) at 
weeks 2, 4, 6, and 8 without LOCF and at week 8 
with LOCE In addition, the proportions of patients in 
the intention-to-treat (ITT) population (including those 
with diabetes) achieving BP thresholds of <120/80, 
<130/80, <130/85, and <140/90 mm Hg at week 8 
(LOCF) was examined. 

Safety Assessments and Evaluation of Edema 
Safety was monitored by assessing the incidence of 

adverse events at each visit and by performing labora- 
tory tests (standard serum chemistry and hematology 
panel, and dipstick urinalysis [with microscopy when 
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results were abnormal]) at the randomization visit 
and at week 8. Laboratory tests were conducted at a 
single certified central laboratory (Pharmaceutical 
Product Development Global Central Laboratory, 
Highland Heights, Kentucky), which used flow cy- 
tometry for hematology variables (Coulter SKTS or 
LH 750, Beckman Coulter Inc., Fullerton, California), 
spectrophotometry for chemistry variables (Hitachi 
747 [Hitachi High Technologies America Inc., San 
Jose, California] or Roche Modular Analyzer [Roche 
Diagnostics Corp., Indianapolis, Indiana]), high- 
performance liquid chromatography for glycosylated 
hemoglobin (Tosoh 2.2 Plus, Tosoh Bioscience Inc., 
South San Francisco, California), and reflectance pho- 
tometry for urinalysis (Atlas Urine Chemistry Ana- 
lyzer, Siemens Healthcare Diagnostics Inc., Tarrytown, 
New York). Tests performed on different analyzers 
were extensively cross-validated for comparability. 
Investigators received the results and evaluated the 
clinical significance of findings that were outside the 
laboratory's reference ranges while still blinded to 
patients' treatment allocation. 

An adverse event was defined as any untoward oc- 
currence in study subjects from the time they signed 
the informed-consent form until 14 days after the last 
intake of study medication. All adverse events, wheth- 
er detected by the investigator or reported by the pa- 
tient, were recorded on the case-report form, with the 
date of occurrence, time of onset, duration, likely re- 
lationship to study medication, action taken, patient 
outcome, and whether the event met US Food and 
Drug Administration criteria for a serious adverse 
event. A treatment-emergent adverse event (TEAE) was 
defined as any event occurring after the first dose of 
randomized treatment or that occurred before the 
randomized-treatment phase but worsened after ran- 
domization. The likelihood of an adverse event being 
related to study medication was assessed by investiga- 
tors as either definitely related (TEAE follows a rea- 
sonable temporal sequence from study-product ad- 
ministration, abates on discontinuation of the study 
product, and is confirmed by reappearance of the re- 
action on repeat exposure [rechallenge]); probably re- 
lated (TEAE follows a reasonable temporal sequence 
from study-product administration, abates on discon- 
tinuation of the study product, and cannot reasonably 
be explained by the known characteristics of the pa- 
tient's clinical state); possibly related (TEAE follows a 
reasonable temporal sequence from study-product ad- 

ministration and could have been produced by the 
patient's state or by other types of therapy adminis- 
tered to the patient); unlikely to be related (the tempo- 
ral relationship between the TEAE and study-product 
administration is such that the drug is not likely to 
have had any reasonable association with the observed 
event and could have been produced by the patient's 
clinical condition or by other types of therapy admin- 
istered to the patient); or unrelated (TEAE is definitely 
produced by the patient's clinical condition or by 
other types of therapy administered to the patient and 
does not follow a temporal sequence from study- 
product administration). 

If the investigator found that the assigned study 
medication was not efficacious (ie, BP was not con- 
trolled or worsened during the randomized-treatment 
phase), she or he was required to report this as an 
adverse event. The terms used for this reporting could 
include hypertension, systolic hypertension, diastolic 
hypertension, accelerated hypertension, blood pres- 
sure increased, diastolic blood pressure increased, and 
blood pressure inadequately controlled. As noted ear- 
lier, patients with an SeDBP >120 mm Hg were re- 
moved from the trial. 

The occurrence and severity of peripheral edema 
were assessed at all scheduled clinic visits. If peripher- 
al edema (including the terms edema; edema, periph- 
eral; pitting edema; generalized edema; and localized 
edema) was present, the investigators rated its severity 
on a case-report form using the following 5-point scale: 
0 = no edema; 1 = mild pitting edema/slight indenta- 
tion; 2 = moderate pitting edema/moderate indenta- 
tion; 3 = deep pitting edema/indentation remains; and 
4 = leg remains swollen. When an increase in edema 
category occurred after randomization, investigators 
were encouraged to report this as an adverse event. 
The methods used to evaluate peripheral edema were 
not validated but were consistent with those used in 
clinical practice. 

Statistical Analysis 
It was estimated that 158 patients per treatment 

group would be needed (total population, 1894) to 
detect a 3-mm Hg difference in DBP between mono- 
therapy and combination therapy with 80% power at 
a 1-sided level of P < 0.01, assuming a common SD 
of 7.5 mm Hg. To achieve even distribution among 
treatment groups, the randomization process includ- 
ed stratification factors for age group (>65 years, 
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<65 years) and diabetic status. Approximately 20% of 
randomized patients were to be aged >65 years. 

ITT analysis was used for the efficacy evaluations 
and included all patients who took >1 dose of ran- 
domized, double-blind study medication, had a base- 
line BP measurement, and had >1 BP measurement 
after taking randomized, double-blind study medica- 
tion. The population for the safety assessments con- 
sisted of all patients who took >1 dose of randomized, 
double-blind study medication, including both active 
treatment and placebo. 

Baseline characteristics that were continuous vari- 
ables were summarized using mean (SD), and categori- 
cal variables were summarized using frequency counts 
and percentages. Differences between treatment groups 
in baseline demographic characteristics were evaluat- 
ed using an analysis-of-variance model for continuous 
variables and a Z 2 test for categorical variables. 

Hommel's procedure 2° was used to adjust P values 
for testing the null hypotheses that there would be no 
difference between the 6 combination-therapy regi- 
mens and their respective monotherapy components 
in the change from baseline in SeDBP at week 8, 
LOCF (primary), and the change from baseline in 
SeSBP at week 8, LOCF (secondary), and to control 
the overall 1-sided type I error rate at 0.025. One- 
sided P values for testing the null hypotheses were 
obtained from an analysis-of-covariance (ANCOVA) 
model with fixed effects for treatment group, dia- 
betic status (with or without diabetes), and age group 
(>65 years or <65 years), and baseline BP as a covari- 
ate. The least squares mean (LSM) and corresponding 
SE and 2-sided 95% CI, as well as the differences in 
LSM, SE, and 2-sided 95% CI, were derived for con- 
tinuous end-point variables from the ANCOVA mod- 
el. The ANCOVA model was also used to compare 
each monotherapy with placebo. For categorical vari- 
ables (eg, the proportion of patients achieving the BP 
goal at weeks 2, 4, 6, and 8), a Z 2 test was used to test 
for significant differences between treatment groups. 
Other categorical variables (proportion of patients 
achieving BP thresholds) were summarized using fre- 
quency counts and percentages (statistical comparisons 
were not performed). 

The study was not powered to detect differences 
in the incidence of adverse events between treat- 
ment groups. However, when an apparent difference 
was identified in the incidence of edema between the 
amlodipine 10-mg monotherapy and combination- 

therapy groups, the incidences were compared retro- 
spectively using the Fisher exact test. In addition, a 
post hoc Cochran-Armitage trend analysis 21 was un- 
dertaken to evaluate whether the differential edema 
rates were dose related. 

RESU LTS 
Study Population 

Of 4234 patients who entered the washout phase, 
1940 were randomized and 1689 completed the study 
(Figure 1). The most common reasons for withdraw- 
al during the randomized-treatment phase were ad- 
verse events (114 patients), including lack of efficacy 
(43 patients). The mean number of patients enrolled 
at each site was 13. 

Among the 1940 randomized patients, 1054 
(54.3%) were male, 1385 (71.4%) were white, and 
481 (24.8%) were black. The mean age of random- 
ized patients was 54.0 years, and the mean baseline 
SeBP was 164/102 mm Hg. At baseline, 1538 patients 
(79.3%) had stage 2 hypertension (SBP >160 mm Hg 
or DBP >100 mm Hg). Three hundred eighty-four 
patients (19.8%) were aged >65 years, 261 (13.5%) 
had diabetes, 1254 (64.6%) were overweight or obese 
(body mass index >30 kg/m2), and 1274 (65.7%) had 
been receiving antihypertensive therapy. There were 
no statistically significant differences in demographic 
or other baseline characteristics between treatment 
groups (Table I). 

At baseline, 264 of the 1940 randomized patients 
(13.6%) had peripheral edema. Edema was graded as 
mild in 215 patients (11.1%), moderate in 38 (2.0%), 
and deep pitting edema with minor leg swelling in 11 
(0.6%). No patient had deep pitting edema with ma- 
jor leg swelling at baseline. 

Efficacy 
All active treatments and placebo were associated 

with significant reductions in SeDBP from baseline 
(P < 0.001), with the greatest reductions occurring in the 
groups that received combination therapy (Figure 2). 
Combination therapy was associated with dose-related 
changes in mean (SD) SeDBP at week 8 that ranged 
from -13.8 (7.48) mm Hg with OM/AML 10/5 mg to 
-19.0 (8.90) mm Hg with OM/AML 40/10 mg. For 
monotherapy, the changes in SeDBP were-8.3 (9.28), 
-9.2 (9.73), and -10.2 (10.69) mm Hg with OM 10, 
20, and 40 mg, respectively; -9.4 (8.25) and -12.7 
(8.25) mm Hg with AML 5 and 10 mg, respectively; 
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Entered washout phase 
(N = 4234) 

Randomized 
(n = 1940) 

Discontinued (n = 2294) 
Inclusion criteria not met/exclusion criteria met at 
randomization visit (1798) 

Patient's request (254) 
Investigator's j u dgment (78) 
Adverse events (62) 
Lost to follow-up (45) 
Met study withdrawal criteria (1) 
Other reasons (56) 

Completed 8 weeks of therapy 
(n = 1689) 

Discontinued (n = 251) 
Adverse events (114), including lack o f  efficacy (43) 
Patient's request (43) 
Lost to follow-up (37) 
Met study withdrawal criteria (8) 
Took restricted medications (7) 
Investigator-initiated discontinuation (6) 
Other reasons (36) 

Figure 1. Patient disposition. 

and -3.1 (10.67) mm Hg for placebo (Table II). All 
SeDBP reductions in the combination-therapy groups 
were significantly greater than those in the correspond- 
ing monotherapy groups (P < 0.001) (Table II). 

The changes in mean SeSBP at week 8 followed a 
similar pattern to the changes in mean SeDBP, with 
significant reductions from baseline in all active- 
treatment groups (P < 0.001) and the placebo group 
(P = 0.024). The combinations were associated with 
dose-dependent mean (SD) changes ranging from 
-24.2 (13.96) mm Hg with OM/AML 10/5 mg to 
-30.1 (15.91) mm Hg with OM/AML 40/10 mg 
(Table II). For monotherapy, the mean changes in 
SeSBP were -11.5 (15.23),-13.8 (15.90), and -16.1 
(16.58) mm Hg with OM 10, 20, and 40 mg, respec- 
tively; -14.9 (14.95) and -19.7 (16.52) mm Hg with 
AML 5 mg and 10 mg, respectively; and -4.8 (18.70) 
mm Hg with placebo. The mean reductions in SeSBP 
were significantly greater for all combination-therapy 
groups than for the component monotherapy groups 
(P < 0.001). The LSM (SE) changes in SeSBP are sum- 
marized in Table II. In all active-treatment groups, the 
greatest mean reduction in SeBP occurred between 

baseline and week 2. The reductions in SeDBP and 
SeSBP plateaued by week 4 and were maintained across 
all treatment groups, but with no further marked 
reductions. 

The BP goal (<140/90 mm Hg; <130/80 mm Hg for 
patients with diabetes) was achieved by week 8 (LOCF) 
in 20.0% to 36.3% of patients receiving OM mono- 
therapy (10 and 40 mg, respectively) and 21.1% to 
32.5% of patients receiving AML monotherapy (5 and 
10 mg, respectively), compared with 8.8% of patients in 
the placebo group (Table IH). Rates of goal achievement 
at week 8 (LOCF) were greatest in the combination- 
therapy arms, ranging from 35.0% with OM/AML 
10/5 mg to 53.2% with OM/AML 20/10 mg. Differ- 
ences in rates of achievement of the BP goal between 
treatment groups were statistically significant at all 
time points (P < 0.001) and were consistently higher 
with combination therapy than with the component 
monotherapies (P < 0.005) (Table III). 

The proportions of patients achieving the pre- 
defined BP thresholds at week 8 (LOCF) reflected a 
similar pattern; overall, the proportion of patients 
achieving each threshold was highest in the groups 
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Figure 2. Least squares mean (SE) reduction from baseline in seated diastolic blood pressure (SeDBP) 
and seated systolic blood pressure (SeSBP) after 8 weeks of treatment with olmesartan medoxomil 
or amlodipine, alone and in combination (last observation carried forward). *P < 0.001 versus 
monotherapy with either component at the same dosage. 

receiving OM/AML 20/10 mg or 40/10 mg (Figure 3). 
The proportions of all patients (including those with 
diabetes) achieving the BP threshold of <140/90 mm Hg 
with the highest doses of monotherapy and combi- 
nation therapy were 38.1% for OM 40 mg, 35.0% 
for AML 10 mg, and 54.0% for OM/AML 40/10 mg, 
compared with 10.0% for placebo. Similarly, the pro- 
portions of patients achieving the BP threshold of 
<130/80 mm Hg were 13.8% for OM 40 mg, 7.4% 
for AML 10 mg, 23.0% for OM/AML 40/10 mg, and 
2.5% for placebo. In addition, 77.6% of patients receiv- 
ing OM/AML 40/10 mg achieved an SeDBP <90 mm Hg, 
compared with 18.1% of those receiving placebo. 

Safety and Tolerability 
One thousand twenty patients (52.6%) experienced 

an adverse event during treatment, with an overall 
incidence of 45.3% to 58.9% across active-treatment 
groups and 56.2% for placebo (Table IV). Approxi- 
mately half of these adverse events were considered by 
the investigator to be definitely, probably, or possibly 

related to study medication. Five hundred twenty-one 
patients (26.9%) experienced a drug-related TEAE, 
with an incidence of 19.6% to 33.1% across active- 
treatment groups and 29.6% for placebo. There were 
no apparent differences in the overall incidence of 
TEAEs across treatment groups, and the majority of 
adverse events were considered mild in severity. 

Edema was the most common TEAE, occurring in 
385 of 1940 patients (19.8%) (Table IV). The fre- 
quency of edema was greatest among patients receiv- 
ing AML 10-mg monotherapy (60/163 [36.8%]). The 
frequency of edema was lower in the groups in which 
AML 10 mg was combined with OM 10 mg (43/162 
[26.5%]), 20 mg (41/160 [25.6%]), or 40 mg (38/162 
[23.5%]), reaching statistical significance relative to 
AML 10 mg in the groups that received OM/AML 
20/10 mg (P = 0.032) and 40/10 mg (P = 0.011). The 
frequency of edema was lowest in the OM mono- 
therapy groups (10 mg: 23/161 [14.3%]; 20 mg: 16/161 
[9.9%]; 40 mg: 30/162 [18.5%]), the AML 5-mg 
monotherapy group (21/161 [13.0%]), and the pla- 
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Table II. Change in seated diastolic blood pressure (SeDBP) and seated systolic blood pressure (SeSBP) from 
baseline to week 8 in the intention-to-treat population (last observation carried forward). 

Change in SeDBP, mm Hg Change in SeSBP, mm Hg 
No. of 

Group Patients Mean (SD) LS Mean (SE) Mean (SD) LS Mean (SE) 

Olmesartan 
10 mg 160 -8.3 (9.28)* -8.8 (0.75)* -11.5 (15.23)* -10.9 (1.24)* 
20 mg 159 -9.2 (9.73)* -9 .9 (0.75)* -13.8 (15.90)* -12.8 (1.25)* 
40 mg 160 -10.2 (10.69)* -10.9 (0.75)* -16.1 (16.58)* -15.4 (1.24)* 

Amlodipine 
5 mg 161 -9.4 (8.25)* -10.0 (0.75)* -14.9 (14.95)* -14.3 (1.24)* 
10 mg 163 -12.7 (8.25)* -13.3 (0.74)* -19.7 (16.52)* -18.9 (1.23)* 

Olmesartan/amlodipine 
10/5 mg 163 -13.8 (7.48)* -14.3 (0.74)* -24.2 (13.96)* -22.6 (1.23)* 
20/5 mg 160 -14.0 (9.07)* -14.6 (0.75)* -23.6 (14.86)* -22.6 (1.24)* 
40/5 mg 157 -15.5 (8.15)* -16.3 (0.76)* -25.4 (14.70)* -25.1 (1.26)* 
10/10 mg 161 -16.0 (8.62)* -16.7 (0.75)* -25.3 (14.88)* -24.8 (1.24)* 
20/10 mg 158 -17.0 (8.04)* -17.7 (0.75)* -29.2 (16.72)* -28.1 (1.25)* 
40/10 mg 161 -19.0 (8.90)* -19.4 (0.74)* -30.1 (15.91)* -28.5 (1.24)* 

Placebo 160 -3.1 (10.67)* -3.5 (0.75)* -4.8 (18.70)f -2.8 (1.25)f 

LS = least squares. 
*P < 0.001. 
f P < 0.05. 

cebo group (20/162 [12.3%]). Rates of edema in the 
groups receiving OM 10 to 40 mg in combination 
with AML 5 mg ranged from 18.0% to 20.9% (OM/ 
AML 10/5 mg: 34/163 [20.9%]; OM/AML 20/5 mg: 
29/161 [18.0%]; OM/AML 40/5 mg: 30/162 [18.5%]). 
A retrospective Cochran-Armitage trend analysis of the 
AML 10-mg, OM/AML 10/10-mg, OM/AML 20/10-mg, 
and OM/AML 40/10-mg groups indicated a statisti- 
cally significant reduction in the incidence of edema 
with increasingly higher doses of OM combined with 
AML 10 mg (P = 0.009). Most occurrences of edema 
in all treatment groups were mild to moderate in se- 
verity. Severe edema occurred in 5 of 1940 (0.3%) 
patients: 1 of 161 patients (0.6%) in the AML 5-mg 
group, 2 of 163 patients (1.2%) in the AML 10-mg 
group, 1 of 162 patients (0.6%) in the OM/AML 
10/10-mg group, and 1 of 162 patients (0.6%) in the 
OM/AML 40/10-mg group. 

Other common adverse events included headache 
(130/1940 [6.7%]), dizziness (76/1940 [3.9%]), and 

fatigue (62/1940 [3.2%]), with no consistent differ- 
ences between active-treatment groups (Table IV). The 
incidence of headache was highest in the placebo 
group (23/162 [14.2%]). 

Lack of efficacy, as previously defined, was reported 
as an adverse event in 48 patients (2.5%): 7 of 161 
(4.3%) in the OM 10-mg monotherapy group, 8 of 161 
(5.0%) in the OM 20-mg monotherapy group, 6 of 162 
(3.7%) in the OM 40-mg monotherapy group, 4 of 161 
(2.5%) in the AML 5-mg monotherapy group, 2 of 163 
(1.2%) in the AML 10-mg monotherapy group, 1 of 163 
(0.6%) in the OM/AML 10/5-mg group, 3 of 161 (1.9%) 
in the OM/AML 20/5-mg group, 2 of 162 (1.2%) in the 
OM/AML 40/5-mg group, 1 of 162 (0.6%) in the OM/ 
AML 10/10-mg group, 1 of 160 (0.6%) in the OM/ 
AML 20/10-mg group, and 13 of 162 (8.0%) in the pla- 
cebo group. None of the patients receiving OM/AML 
40/10 mg had uncontrolled BP during treatment. 

Nine of 1940 patients (0.5%) experienced hypo- 
tension: 1 patient (0.6%) each in the OM 10-mg (n = 
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Table III. Patients achieving the blood pressure 
goal (<140/90 mm Hg for patients with un- 
complicated hypertension; <130/80 mm 
Hg for patients with diabetes) after 8 weeks 
of treatment with olmesartan or amlo- 
dipine, alone and in combination (last 
observation carried forward). 

Treatment Group No. (%) 

Olmesartan 
10 mg (n = 160) 32 (20.0) 

20 mg (n = 159) 42 (26.4) 
40 mg (n = 160) S8 (36.3) 

Amlodipine 
5 mg (n = 161) 34 (21.1) 
10 mg (n = 163) 53 (32.5) 

Olmesartan/amlodipine 
10/5 mg (n = 163) 57 (35.0)*t 
20/5 mg (n = 160) 68 (42.5)** 
40/5 mg (n = 157) 80 (51.0)*§ 
10/10 mg (n = 161) 79 (49.1)*f 
20/10 mg (n = 158) 84 (53.2) *t  
40/10 mg (n = 161) 79 (49.1)t~ 

Placebo (n = 160) 14 (8.8) 

*P < 0.001 versus monotherapy with olmesartan at the 
same dosage. 

fP = 0.003 versus monotherapy with amlodipine at the 
same dosage. 

tp < 0.001 versus monotherapywith amlodipine at the 
same dosage. 

§P < 0.005 versus monotherapy with olmesartan at the 
same dosage. 

161), AML 10-mg (n = 163), and OM/AML 40/5-mg 
groups (n = 162), and 2 patients (1.2%-1.3%) each in 
the OM/AML 10/10-mg (n = 162), 20/10-mg (n = 160), 
and 40/10-mg groups (n = 162). Of the 7 patients with 
drug-related hypotension, 1 each in the OM/AML 
10/10-mg and 40/10-mg groups were removed from 
the study because of moderate or severe hypotension. 

Serious TEAEs occurred in 25 of 1940 patients 
(1.3%). Only 1 of these was considered drug related 
(Table IV): a patient receiving OM 20 mg had a non- 
fatal cerebrovascular accident (CVA) that the investi- 
gator considered probably related to study medica- 
tion, as the patient's BP was not fully controlled. 

Two patients died during the study: 1 had a fatal 
CVA during the washout phase and the other (a pla- 
cebo recipient) was a victim of homicide during 
the randomized-treatment phase. Neither death was 
considered treatment related. The patient who died 
during the washout phase had a BP of 155/87 mm Hg 
at the assessment 10 days before the CVA. Of the 
1940 randomized patients, 114 (5.9%) discontinued 
treatment due to any adverse event (Table IV): 40 of 
484 (8.3%) in the 30M-monotherapy groups, 20 of 
324 (6.2%) in the 2 AML-monotherapy groups, 33 of 
970 (3.4%) in the 6 combination-therapy groups, and 
21 of 162 (13.0%) in the placebo group. The adverse 
events leading to study discontinuation were consid- 
ered treatment related in 74 patients (3.8 % of the to- 
tal study group; 64.9% of patients discontinuing treat- 
ment because of an adverse event). 

Although small mean changes were observed in se- 
rum chemistry, hematology, and urinalysis parameters, 
there was no consistent pattern and no apparent rela- 
tionship to dose or compound. None of the mean 
changes were considered clinically significant. Although 
there were statistically significant increases from baseline 
in mean platelet count with AML 5-mg monotherapy 
(P = 0.002) and 10-mg monotherapy (P < 0.001) and all 
doses of the combination (P < 0.001), the magnitude of 
the increase was <10% in all groups and was not consid- 
ered clinically meaningful (the highest increase was 
22.08 x 103/mm 3 with AML 10 mg). A small number of 
patients developed laboratory abnormalities outside the 
prespecified safety ranges (Table V), but only 1 patient 
(receiving AML 10-mg monotherapy) was removed 
from the study because of increases in alkaline phos- 
phatase and 7-glutamyltransferase. No differences in se- 
rum chemistry, hematology, or urinalysis parameters 
between treatment groups were considered clinically 
relevant by the investigators. 

DISCUSSION 
This 8-week study found that all doses of the combi- 
nation of OM and AML were significantly more effec- 
tive than the component monotherapies in reducing 
both SeDBP and SeSBP (P < 0.001). In addition, the 
proportion of patients achieving the BP goal (<140/ 
90 mm Hg; <130/80 mm Hg in patients with diabetes) 
was greatest in the combination-therapy arms, with 
-50% of patients achieving BP control with the higher 
doses of combination therapy. In addition, 54.0% of 
patients receiving the highest dose of OM/AML 
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Figure 3. Proportions of patients in the intention-to-treat population achieving blood pressure thresholds 
at week 8 (last observation carried forward). OM = olmesartan medoxomil; AML = amlodipine; 
OM/AM L = olmesartan/amlodipine. 

achieved a BP <140/90 mm Hg at week 8. All OM and 
AML monotherapy and combination regimens were well 
tolerated, and no unexpected safety concerns were 
identified. 

The finding of dose-dependent efficacy with the com- 
bination of OM/AML is consistent with results from 
similar studies of other fixed-dose combinations, 22-28 
as well as from studies that specifically examined the 
combination of another ARB, valsartan, with AML. 29,3° 
As in the present trial, these studies found higher BP 
reductions and greater proportions of patients achiev- 
ing BP targets with the combination therapy than with 
the component monotherapies. 

A number of fixed-dose antihypertensive combina- 
tions are available in the United States, including ARBs 
combined with a diuretic (hydrochlorothiazide) and 
ACE inhibitors combined with a diuretic or CCB. The 

treatment approach underlying these combinations is 
consistent with the JNC 7 recommendation that com- 
bination agents should consist of drugs that act through 
different antihypertensive pathways to maximize the 
therapeutic benefit. 11 

OM and AML have complementary mechanisms of 
action, accounting for their additive antihypertensive 
effects. The vasodilatory action of CCBs stimulates 
counterregulatory mechanisms such as sympathetic 
activation and activation of the RAAS. 13 These mecha- 
nisms reduce the BP-lowering effects of CCBs. How- 
ever, an added ARB or ACE inhibitor counteracts RAAS 
activation, thereby maximizing the BP-lowering effect 
of the CCB while having an antihypertensive effect of 
its own. 

Both European and US guidelines for the manage- 
ment of hypertension have noted the importance of 
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combination therapy in accelerating progress toward 
BP goals. 11,12 In addition, these guidelines advocate 
use of combination therapy, when indicated, as initial 
treatment for patients who require reductions of 
>20/10 mm Hg to achieve the BP goal. However, the 
combination of OM and AML is not approved for the 
initial treatment for hypertension. 

In addition to having improved BP-lowering effi- 
cacy, fixed-dose combinations may offer patient con- 
venience compared with 2 agents taken separately. A 
recent meta-analysis reported that patient compliance 
was significantly better with fixed-dose antihyperten- 
sive combinations than with the same 2 agents admin- 
istered concomitantly (P < 0.001). 31 

The combination of OM and AML was well toler- 
ated in this study. The incidence of TEAEs, serious 
adverse events, and discontinuations due to adverse 
events was comparable among treatment groups, and 
the frequency of TEAE-related discontinuations was 
lower in the combination-treatment groups than in 
the placebo group. Edema was the only adverse event 
that showed a meaningful dose-response relationship. 
Most occurrences of edema were mild in severity, with 
moderate or severe edema most commonly seen in the 
groups receiving AML 10 mg, alone or in combina- 
tion with OM. Although the incidence of edema was 
high in the group that received AML 10-mg mono- 
therapy, both the incidence and severity of edema were 
reduced when AML 10 mg was combined with in- 
creasing doses of OM. In fact, the placebo-subtracted 
incidence of treatment-emergent edema was reduced 
by 54% when OM 40 mg was added to AML 10 mg. 
As expected, AML 5-mg monotherapy was associated 
with a lower incidence of edema than AML 10-mg 
monotherapy. 

The reduction in edema when the higher dose of 
AML was combined with increasing doses of OM in 
this study is consistent with other reports indicating 
that the use of a RAAS blocker in combination with 
AML reduced the likelihood of AML-induced ede- 
ma. 29,32,33 The present study is one of the few trials of 
an antihypertensive combination to actively seek out 
occurrences of edema and grade its severity. As a re- 
suit, the incidence of edema reported here is higher 
than in other trials that have relied on passive report- 
ing. For example, a factorial study of valsartan and 
AML that used a passive-reporting system (adverse 
events were volunteered by patients, elicited by gen- 
eral questioning, or detected on physical examination) 

reported edema rates of 8.7% with AML monothera- 
py and 3.0% with placebo, 29 compared with 13.0% 
to 36.8% with AML monotherapy and 12.3% with 
placebo in the present study. However, our findings 
are consistent with the incidence of edema in trials 
that used active edema surveillance, including studies 
of AML monotherapy. For example, Leonetti et a134 
reported a 19% rate of edema with AML 5 or 10 mg 
when symptoms were actively elicited using a patient 
questionnaire. Furthermore, in the Comparison of 
Candesartan and Amlodipine for Safety, Tolerability 
and Efficacy (CASTLE), 35 which used a proactive 
monitoring system, 22.1% of patients receiving AML 
5 or 10 mg were reported to have edema. In the Val- 
sartan Antihypertensive Long-term Use Evaluation 
(VALUE), 36 which also used a proactive monitoring 
system, 32.9% of patients receiving AML 5 or 10 mg 
with or without hydrochlorothiazide developed ede- 
ma. The incidence of edema with the ARBs used in the 
foregoing studies was 8.9% for candesartan and 14.9% 
for valsartan, comparable to the incidence with OM 
in the present study (9.9%-18.5%). 

The factorial design of this study provides important 
dose-response information about the BP-lowering ef- 
fects of the combination of OM and AML. However, 
the study was of short duration (8 weeks) and thus 
had limited ability to predict long-term effectiveness 
or tolerability. Finally, the results of this study are ap- 
plicable to the population studied (adults with mild to 
severe hypertension) and may not be generalizable to 
other populations with different characteristics. 

CONCLUSIONS 
In this population of adult patients with mild to severe 
hypertension, the OM/AML combinations were sig- 
nificantly better than their monotherapy components 
and placebo in lowering BP and achieving JNC 7 BP 
goals. Combination therapy was well tolerated and 
was associated with a lower incidence of edema rela- 
tive to monotherapy with high-dose AML (10 mg). 
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