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In the prospective, open-label, titrate-to-goal Blood
Pressure Control in All Subgroups With Hypertension
(BP-CRUSH) study, 999 patients with hypertension uncon-
trolled on monotherapy (mean age, 55.6�11.4 years; base-
line blood pressure [BP], 153.7�9.2 ⁄ 91.9�8.6 mm Hg)
were switched to fixed-dose amlodipine ⁄ olmesartan
medoxomil (AML ⁄ OM) 5 ⁄ 20 mg. Patients were uptitrated
every 4 weeks to AML ⁄ OM 5 ⁄ 40 mg and 10 ⁄ 40 mg to
achieve BP <120 ⁄ 70 mm Hg. Patients were subsequently
uptitrated every 4 weeks to AML ⁄ OM+hydrochlorothiazide
(HCTZ) 10 ⁄ 40+12.5 mg and 10 ⁄ 40+25 mg to achieve BP
<125 ⁄ 75 mm Hg. The primary end point, the cumulative
percentage of patients achieving seated systolic BP
<140 mm Hg (<130 mm Hg for patients with diabetes) by
week 12, was 75.8%. The mean (�standard error) BP
changes from baseline during the titration periods ranged

from )14.2�0.4 mm Hg ⁄ )7.7�0.3 mm Hg for AML ⁄ OM
5 ⁄ 20 mg to )25.1�0.7 mm Hg ⁄ )13.7�0.4 mm Hg for
AML ⁄ OM+HCTZ 10 ⁄ 40+25 mg. By week 20, the cumula-
tive BP threshold of <140 ⁄ 90 mm Hg was achieved by
90.3% of patients. An ambulatory BP monitoring substudy
(n=243) showed that 24-hour efficacy was maintained.
Treatment-emergent adverse events (TEAEs), mostly mild
to moderate in severity, occurred in 529 patients (53.0%).
Drug-related TEAEs occurred in 255 patients (25.5%). This
well-tolerated, treat-to-goal algorithm enabled a large
proportion of patients with uncontrolled hypertension on
monotherapy to safely achieve BP control on single-pill
AML ⁄ OM combination therapy or triple therapy with
the addition of HCTZ. J Clin Hypertens (Greenwich).
2011;13:404–412. �2011 Wiley Periodicals, Inc.

An analysis of the 2007 to 2008 National Health and
Nutrition Examination Survey (NHANES) showed
that 29% of adults in the United States have hyperten-
sion.1 Of the 73% of patients with hypertension who
receive treatment, approximately 50% do not reach
recommended blood pressure (BP) goals (<140 ⁄ 90
mm Hg for uncomplicated hypertension, <130 ⁄ 80 mm
Hg for patients with diabetes).1 Data suggest that
although antihypertensive monotherapy allows only
approximately one third of patients to reach recom-
mended BP goals,2–4 this type of therapy is prescribed
to as many as 63% of patients.2,4–7 Factors identified
by physicians as reasons for not uptitrating therapy
include evidence of a clear improvement in BP despite
the lack of goal achievement, patient self-measure-
ments below BP goals, feeling that office BP measure-
ments were not representative of true BP, low patient
adherence, possible side effects, and significant
comorbidities.8–10

The Blood Pressure Control in All Subgroups With
Hypertension (BP-CRUSH) study (ClinicalTrials.gov

identifier NCT00791258) evaluated improvement in
BP goal achievement after patients who were previ-
ously uncontrolled on antihypertensive monotherapy
per study protocol were switched to amlodipine ⁄ olme-
sartan medoxomil (AML ⁄ OM)�hydrochlorothiazide
(HCTZ) combination therapy. The results of the BP-
CRUSH study, which included prespecified subgroups
of patients with hypertension (elderly, black, Hispanic,
Asian, obese, type 2 diabetics, and patients with the
metabolic syndrome), are presented here. In this study,
efficacy was assessed by seated cuff BP (SeBP) mea-
surement. In addition, ambulatory BP monitoring
(ABPM) was performed in a subpopulation of
patients.

METHODS

Study Design
The BP-CRUSH study was a phase 4 (phase 3B in
South Africa), prospective, open-label, multicenter, sin-
gle-arm, dose-titration study with a 20-week active
treatment period. The study was designed in order to
have �700 patients complete the study. Men and
women were eligible for enrollment if they were aged
18 to 80 years and had uncontrolled BP (mean systolic
BP [SBP] �140 mm Hg [�130 mm Hg for patients
with diabetes] and �180 mm Hg and mean diastolic
BP [DBP] �110 mm Hg on 2 consecutive visits during
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screening) after �1 month of antihypertensive mono-
therapy with an angiotensin-converting enzyme inhibi-
tor, angiotensin II receptor blocker (ARB), b-blocker,
calcium channel blocker (CCB), or diuretic. Patients
uncontrolled on multiple antihypertensive therapies
(including fixed-dose combination therapy except for
triamterene ⁄ HCTZ), with type 1 or 2 diabetes mellitus
requiring insulin, type 2 diabetes mellitus and hemo-
globin A1c �9.0% at screening and serum creatinine
levels >2.0 mg ⁄ dL or calculated glomerular filtration
rate <40 mL ⁄ min at screening, significant cardiac dis-
ease, or serious systemic diseases or secondary hyper-
tension, as well as women who were pregnant or
lactating, were excluded. The BP-CRUSH study aimed
to enroll a population in which approximately 50% of
patients were previously treated with ARB or dihydro-
pyridine (DHP)-CCB monotherapy for �1 month prior
to screening. The study was designed to enroll �100
patients in each of the following subgroups: elderly
(ie, 65 years or older), African American ⁄ black, His-
panic, Asian, type 2 diabetes, metabolic syndrome,
and obese (ie, body mass index �30 kg ⁄ m2). African
American ⁄ black, Hispanic, and Asian designations
were based on patient self-report. For this study, meta-
bolic syndrome was defined as the presence of �3 of
the following: high-density lipoprotein cholesterol
<50 mg ⁄ dL in women and <40 mg ⁄ dL in men; trigly-
cerides �150 mg ⁄ dL; BP �130 ⁄ 85 mm Hg; or fasting
glucose �100 mg ⁄ dL.

On day 1, patients who met the inclusion criteria
were switched from their previous antihypertensive
monotherapy to a fixed-dose combination of
AML ⁄ OM 5 ⁄ 20 mg. Active treatment was adminis-
tered once daily at 8 AM�120 minutes each morning.
Uptitration was permitted every 4 weeks in accordance
with the following schedule: uptitration to AML ⁄ OM
5 ⁄ 40 mg, AML ⁄ OM 10 ⁄ 40 mg, AML ⁄ OM 10 ⁄ 40
mg+HCTZ 12.5 mg, and AML ⁄ OM 10 ⁄ 40 mg+HCTZ
25 mg. Patients were eligible to uptitrate to dosages
containing AML ⁄ OM if they had a mean SBP �120
mm Hg and <200 mm Hg or a mean DBP �70 mm
Hg and <115 mm Hg. Patients were eligible to upti-
trate to any dosage that included HCTZ if they had a
mean SBP �125 mm Hg and <200 mm Hg or a mean
DBP �75 mm Hg and <115 mm Hg. Patients taking
any AML ⁄ OM-only combination whose BP was
<120 ⁄ 70 mm Hg, as well as patients taking any
AML ⁄ OM+HCTZ combination whose BP was
<125 ⁄ 75 mm Hg, who were eligible for uptitration
but not symptomatic at any visit were not uptitrated
to the next dosing level. These patients entered the
maintenance phase and remained on their currently
assigned study treatment. If a patient’s BP became
uncontrolled during the maintenance phase, defined as
SBP �130 mm Hg or DBP �80 mm Hg, the patient
was uptitrated to the next higher dose and re-entered
the titration phase of the study. Patients with either a
mean office SBP �200 mm Hg or a DBP �115 mm
Hg at any visit exited the study, as did patients with

either SBP <120 mm Hg or DBP <70 mm Hg with
symptomatic hypotension.

At each visit of the active treatment phase, SeBP
was measured; concomitant medication use, adher-
ence, and adverse events (AEs) were assessed; and the
study drug was dispensed. A physical examination was
completed at baseline and at the end of the study
(week 20), and clinical laboratory tests were assessed
at weeks 12 and 20. SeBP was measured in triplicate
using an automated BP device (Omron HEM-705CP;
Omron Corporation, Tokyo, Japan). The mean of the
3 measurements was recorded as SeBP for each visit
and used to judge study and uptitration eligibility. A
subset of patients enrolled at approximately 30 pres-
elected sites also underwent ABPM at baseline,
week 12, and end of study (week 20). ABPM was per-
formed using a Spacelabs 90207 oscillometric device
(Spacelabs Healthcare, Issaquah, WA). Patients
reported to the study site at 8 AM�90 minutes so the
device could be applied and the patient dosed as close
to 8 AM as possible. After wearing the monitor for a
full 24 hours, the patient returned to the study site for
device removal. If the procedure was not successful,
the procedure could be repeated once. If APBM failed
a second time, it was not repeated.

Study Assessments
The primary efficacy end point of the study was the
cumulative percentage of patients achieving the seated
cuff SBP (SeSBP) goal of <140 mm Hg (<130 mm Hg
in patients with diabetes) during the first 12 weeks of
active treatment (ie, the percentage of patients who
achieved the SeSBP goal at any time during the first
12 weeks of active treatment). Secondary SeBP end
points included the noncumulative (last-observation-
carried-forward [LOCF]) percentage of patients
achieving the SeSBP goal of <140 mm Hg (<130 mm
Hg in patients with diabetes) at week 12 (ie, the per-
centage of patients who achieved the SeBP goal at the
last post-baseline visit at or prior to week 12); percent-
ages of patients achieving the combined Seventh
Report of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7) SeBP goal of <140 ⁄ 90 mm Hg
(<130 ⁄ 80 mm Hg for patients with diabetes) during
12 and 20 weeks of treatment; the change from base-
line in mean SeSBP ⁄ seated cuff DBP (SeDBP) during
each titration period (LOCF); and the percentage of
patients achieving the SeBP threshold of <140 ⁄ 90 mm
Hg during each titration period. In the ABPM sub-
group, end points included the change from baseline in
mean ambulatory SBP and DBP over 24 hours and
during the daytime (8 AM–4 PM), nighttime (10 PM–
6 AM), and final 2, 4, and 6 hours of the dosing inter-
val after 12 and 20 weeks of treatment and the
percentage of patients who achieved mean 24-hour,
daytime (8 AM–4 PM), and nighttime (10 PM–6 AM) BP
targets of <130 ⁄ 80 mm Hg, <135 ⁄ 85 mm Hg, and
<120 ⁄ 70 mm Hg, respectively, after 12 and 20 weeks
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of treatment. In addition, the number and percentage
of patients who were classified as dippers at 12 and
20 weeks, defined as patients with any nocturnal
decrease in ambulatory SBP and ⁄ or DBP �10% of
mean daytime ambulatory SBP and ⁄ or DBP values,
respectively, were assessed. Similarly, the number and
percentage of nondippers at 12 and 20 weeks, defined
as patients with maximum nocturnal decrease in
ambulatory SBP and DBP <10% of mean daytime
ambulatory SBP and DBP, respectively, were assessed.

Safety assessments included the evaluation of AEs,
laboratory parameters and their changes from baseline,
and physical examinations. AEs were coded using the
Medical Dictionary for Regulatory Activities (Med-
DRA, Chantilly, VA) version 12.0 and were summa-
rized by primary system organ class and preferred
term. Treatment adherence was assessed by the tablet
count of the study medication returned at each
required visit before in-clinic dosing and defined as the
ratio of the number of study drug tablets taken over
the number of study drug tablets that should have
been taken during the dosing period multiplied by
100.

Statistical Analysis
The study population included all patients who
received �1 dose of active study medication. Demo-
graphic and baseline characteristics were summarized
using descriptive statistics, as were laboratory data
and their change from baseline. All analyses of BP
data for a visit, or for a period defined by visits, used
all available BP data, regardless of whether the patient
was on treatment or the type of treatment. All analy-
ses of BP data for a titration dose or for a period
defined by titration doses used all on-treatment data
(ie, data that could be attributed to a study drug). If
there was an interruption in dosing immediately before
BP was taken, the BP data were not considered on-
treatment and were excluded. The cumulative BP goal
achievement rate by visit was calculated as the ratio of
the number of patients who achieved the goal at any
time from the first dose date to the visit date over the
number of patients who had any post-baseline BP data
by that visit. The cumulative BP goal achievement rate
by titration dose was defined similarly, with ‘‘visit’’
replaced by ‘‘end of the titration dose period.’’ The
noncumulative (LOCF) BP goal achievement rate by
visit was calculated as the ratio of the number of
patients who achieved the goal at the visit (when miss-
ing, at the last available visit, ie, LOCF) over the num-
ber of patients who had any post-baseline BP data by
that visit. The noncumulative BP goal achievement
rate by titration dose was defined similarly, with
‘‘visit’’ replaced by ‘‘end of the titration dose period.’’

Changes in seated and ambulatory BP from baseline
were summarized by visit or titration dose. For the
summaries by titration dose, the last available on-
treatment value within the dose was used. To test
whether these changes were different from 0, the 1-

sample paired t test was used. All statistical analyses
were performed at a 2-sided significance level of 5%.

RESULTS

Study Disposition, Demographics, and Baseline
Characteristics
Of the 1406 patients screened, 999 entered the active
treatment phase and represent the treatment popula-
tion. Of these 999 patients, 243 underwent ABPM at
baseline and week 12 or 20 and represent the ABPM
population. The number of patients exposed to each
titration dose was as follows: 999 to AML ⁄ OM
5 ⁄ 20 mg, 892 to AML ⁄ OM 5 ⁄ 40 mg, 795 to
AML ⁄ OM 10 ⁄ 40 mg, 699 to AML ⁄ OM 10 ⁄ 40 mg+
HCTZ 12.5 mg, and 497 to AML ⁄ OM 10 ⁄ 40 mg+
HCTZ 25 mg. A total of 263 patients (26.3%) discon-
tinued the study due to protocol violations (n=109),
AEs (n=87), withdrawn consent (n=40), lost to follow-
up (n=18), or other reasons (n=9), leaving 736 patients
who completed the study. At baseline, patients in the
total population had a mean (standard deviation [SD])
age of 55.6 (11.4) years and a mean (SD) SeBP of
153.7 (9.2) mm Hg ⁄ 91.9 (8.6) mm Hg (Table I). The
corresponding data for the ABPM population were a
mean (SD) age of 56.6 (10.1) years, mean (SD) SeBP
of 153.5 (8.8) mm Hg ⁄ 91.3 (7.7) mm Hg, and a mean
(SD) 24-hour ambulatory BP of 135.8 (11.7) mm
Hg ⁄ 81.3 (9.0) mm Hg.

Efficacy
Seated Cuff BP. At the end of 12 weeks of active
treatment, the primary end point (the cumulative per-
centage of patients who achieved the SeSBP goal of
<140 mm Hg [<130 mm Hg for patients with diabe-
tes]) was 75.8% for the total population, including
80.1% for patients without diabetes and 57.9% for
patients with diabetes (Figure 1). By the end of 12 and
20 weeks, the cumulative percentage of patients who
achieved the SeBP goal of <140 ⁄ 90 mm Hg (<130 ⁄ 80
mm Hg for patients with diabetes) was 71.3% and
84.8%, respectively.

For each titration dose, the reductions from baseline
in mean SeBP at week 12 (LOCF) were statistically
significant (Figure 2A). Furthermore, there was a sig-
nificant titration effect on mean SeBP at each titration
dose. Titrating from AML ⁄ OM 5 ⁄ 20 mg to 5 ⁄ 40 mg
and AML ⁄ OM 5 ⁄ 40 mg to 10 ⁄ 40 mg resulted in
mean SeBP changes of )1.90 ⁄ )0.83 mm Hg and
)5.67 ⁄)3.26 mm Hg, respectively (P<.01 for each).
Titrating from AML ⁄ OM 10 ⁄ 40 mg to AML ⁄ OM
10 ⁄ 40+HCTZ 12.5 mg and from AML ⁄ OM 10 ⁄ 40+
HCTZ 12.5 mg to AML ⁄ OM 10 ⁄ 40+HCTZ 25 mg
resulted in mean SeBP changes of )4.48 ⁄)2.60 mm
Hg and )3.76 ⁄ )1.65 mm Hg (P<.0001 for each). The
cumulative achievement of the <140 ⁄ 90 mm Hg SeBP
threshold (ie, the proportion of patients who attained
target anytime from first dose to end of titration
period) was 49.5% for patients receiving AML ⁄ OM
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5 ⁄ 20 mg, 63.8% for AML ⁄ OM 5 ⁄ 40 mg, 77.1% for
AML ⁄ OM 10 ⁄ 40 mg, 86.7% for AML ⁄ OM
10 ⁄ 40+HCTZ 12.5 mg, and 90.3% for AML ⁄ OM
10 ⁄ 40+HCTZ 25 mg (Figure 2B).

Of the patients who were uncontrolled on ARB
monotherapy prior to study enrollment, 72.2% and
86.8% reached the SeBP goal of <140 ⁄ 90 mm Hg
(<130 ⁄ 80 mm Hg for patients with diabetes) cumula-
tively by weeks 12 and 20, respectively. For patients
previously treated with a DHP-CCB combination, the
cumulative SeBP goal achievement rate was 65.8% by
week 12 and 83.8% by week 20.

24-Hour ABPM. The reductions from baseline in
mean 24-hour ambulatory BP were statistically
significant at both weeks 12 and 20. From baseline to
week 12 (Figure 3A) and baseline to week 20

(Figure 3B), the mean (standard error of the mean)
changes from baseline in 24-hour ambulatory BP were
)14.8 (0.72) mm Hg ⁄ )9.4 (0.46) mm Hg and )21.0
(0.84) mm Hg ⁄ )13.3 (0.55) mm Hg, respectively
(P<.0001 for all). There were also significant reduc-
tions from baseline in mean 24-hour ambulatory BP
during the daytime (8 AM)4 PM), nighttime (10 PM–
6 AM), and last 2, 4, and 6 hours of the dosing interval
at weeks 12 and 20 (Figures 3A and 3B). The ambula-
tory SBP during the entire 24-hour dosing interval is
shown in Figures 4A and 4B. At weeks 12 and 20,
73.4% and 90.5% of patients, respectively, achieved
the mean 24-hour ambulatory BP target of
<130 ⁄ 80 mm Hg (Figure 5). The mean daytime
(8 AM–4 PM) ambulatory BP target of <135 ⁄ 85 mm Hg
was achieved by 72.9% and 88.4% of patients at
weeks 12 and 20, respectively, and the mean nighttime
(10 PM–6 AM) ambulatory BP target of <120 ⁄ 70 mm
Hg was achieved by 62.0% of patients at week 12
and 78.9% of patients at week 20 (Figure 5).

At week 12, a total of 229 patients had valid ABPM
data. Of the 169 patients who were ABPM dippers at
baseline, 127 (75.2%) were dippers and 42 (24.9%)
were nondippers at week 12. Of the 60 patients who
were nondippers at baseline, 31 (51.7%) were dippers
and 29 (48.3%) were nondippers at week 12. At
week 20, 199 patients had valid ABPM data. Of the
150 patients who were ABPM dippers at baseline, 112
(74.7%) were dippers and 38 (25.3%) were nondip-
pers at week 20. Of the 49 patients who were ABPM
nondippers at baseline, 26 (53.1%) were dippers and
23 (46.9%) were nondippers at week 20.

Safety and Tolerability
Overall, the treatment regimen was well tolerated. In
the total population, 529 patients (53.0%) experienced

TABLE I. Demographics and Baseline Characteristics

Characteristics

Total Cohort

(N=999)

ABPM Cohorta

(N=243)

Age, mean (SD), y 55.6 (11.4) 56.6 (10.1)

�65 y, No. (%) 228 (22.8) 54 (22.2)

Women, No. (%) 491 (49.1) 113 (46.5)

Weight, mean (SD), kg 88.2 (21.5) 89.7 (20.8)

BMI, mean (SD), kg ⁄ m2 31.0 (6.4) 31.4 (6.5)

Race, No. (%)

Caucasian 630 (63.1) 169 (69.5)

Black 234 (23.4) 47 (19.3)

Asian 129 (12.9) 26 (10.7)

American Indian ⁄ Alaskan Native 6 (0.6) 1 (0.4)

Ethnicity, No. (%)

Hispanic or Latino 105 (10.5) 33 (13.6)

Type 2 diabetes, No. (%) 192 (19.2) 32 (13.2)

Metabolic syndrome, No. (%) 462 (46.2) 107 (44.0)

Prior monotherapy, No. (%)

ACE inhibitor 289 (28.9) –

ARB 237 (23.8) –

Diuretic 167 (16.7) –

DHP-CCB 118 (11.8) –

b-Blocker 115 (11.5) –

Non–DHP-CCB 20 (2.0) –

Other 20 (2.0) –

Noneb 33 (3.3) –

SeSBP, mean (SD), mm Hg 153.7 (9.2) 153.5 (8.8)

SeDBP, mean (SD), mm Hg 91.9 (8.6) 91.3 (7.7)

Ambulatory SBP, mean (SD),

mm Hg

NA 135.8 (11.7)

Ambulatory DBP, mean (SD),

mm Hg

NA 81.3 (9.0)

Abbreviations: ABPM, ambulatory blood pressure (BP) monitoring;
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor
blocker; BMI, body mass index; DBP, diastolic BP; DHP-CCB,
dihydropyridine–calcium channel blocker; NA, not available; SBP,
systolic BP; SD, standard deviation; Se, seated. aABPM cohort was
monitored for 24 hours at baseline, week 12, and week 20. bDid not
take antihypertensive therapy within 1 day prior to the first
amlodipine ⁄ olmesartan medoxomil dose. Note that 11 patients
received triamterene ⁄ hydrochlorothiazide combination therapy prior
to study entry. This was the only combination allowed per protocol
due to triamterene’s weak activity and potassium-sparing effects.

FIGURE 1. Proportions of patients achieving the seated cuff systolic
blood pressure (SeSBP) goal (<140 mm Hg [<130 mm Hg for patients
with diabetes]) by week 12. The cumulative blood pressure (BP) goal
achievement rate at week 12 was calculated as the ratio of the
number of patients who achieved the goal at any time from the first
dose to week 12 over the number of patients who had any post-
baseline BP data. The noncumulative (last-observation-carried-forward
[LOCF]) BP goal achievement rate by visit was calculated as the ratio
of the number of patients who achieved the goal at week 12 (when
missing, at the last available visit, ie, LOCF) over the number of
patients who had any post-baseline BP data.
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a treatment-emergent AE (TEAE), including 255
patients (25.5%) whose TEAEs were deemed to be
drug-related (Table II). Thirteen patients experienced a
serious TEAE (Table II). Although none of the serious
TEAEs were recorded by the investigators as drug-
related on the clinical report form, information
recorded in the ARISg risk management database (Aris
Global LLC, Stamford, CT) by the investigator
indicated that one of the serious TEAEs (abdominal
pain) was considered to be possibly related to HCTZ
25 mg. A total of 86 patients (8.6%) withdrew from
the study secondary to a TEAE, and 69 (6.9%) with-
drew after a drug-related TEAE. Drug-related TEAEs
occurring in >1% of the total cohort included
peripheral edema (6.5%), nausea (1.4%), fatigue
(2.0%), headache (2.0%), dizziness (7.6%), and hypo-
tension (2.3%) (Table II). Aside from the incidence of

peripheral edema, which was greater in recipients of
AML ⁄ OM 10 ⁄ 40 mg compared with AML ⁄ OM 5 ⁄ 20
mg or 5 ⁄ 40 mg, none of the drug-related TEAEs
appeared to be dose-related (Table II). Increased blood
uric acid (1.2%) was the only drug-related clinical lab-
oratory AE that occurred in >1% of the total cohort.
No other clinically meaningful changes in laboratory
parameters, vital signs, or electrocardiography results
were observed.

DISCUSSION
The results of the BP-CRUSH study demonstrate that
a single-pill AML ⁄ OM-based titration regimen is a
well-tolerated means of effectively reducing BP and
achieving BP goals in patients with hypertension who
are uncontrolled on previous antihypertensive mono-
therapy. Following this regimen allowed a significant

FIGURE 2. Change from baseline in seated cuff blood pressure (SeBP) (A) and proportions of patients achieving SeBP threshold of <140 ⁄ 90 mm
Hg by titration dose (B). AML indicates amlodipine; HCTZ, hydrochlorothiazide; OM, olmesartan medoxomil; SeDBP, seated cuff diastolic blood
pressure; SeSBP, seated cuff systolic blood pressure. The cumulative blood pressure (BP) goal achievement rate at each titration period was calcu-
lated as the ratio of the number of patients who achieved the goal at any time from the first dose to the end of the titration dose period over the
number of patients who had any post-baseline BP data during the titration dose period. The noncumulative (last-observation-carried-forward [LOCF])
BP goal achievement rate by visit was calculated as the ratio of the number of patients who achieved the goal at the end of the titration dose period
(when missing, at the last available visit, ie, LOCF) over the number of patients who had any post-baseline BP data during the titration dose period.
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majority of patients uncontrolled on monotherapy to
achieve BP goals. In this study, a majority of patients
with and without diabetes achieved the SeSBP goal
(<130 mm Hg and <140 mm Hg, respectively) on a
single-pill AML ⁄ OM-based therapy regimen. At each
titration step, the AML ⁄ OM-based titration regimen
significantly reduced the mean SeBP from baseline.
Notably, switching patients with hypertension
uncontrolled on an ARB or DHP-CCB directly to
fixed-dose AML ⁄ OM allowed 72.2% of prior ARB
and 65.8% of prior DHP-CCB recipients cumulatively
to achieve the SeBP goal of <140 ⁄ 90 mm Hg
(<130 ⁄ 80 mm Hg for patients with diabetes) by
week 12.

A unique aspect of the study was the prespecified
enrollment of all major subpopulations with a high
prevalence for hypertension, namely the elderly,
blacks, and Hispanics, and patients with diabetes,
obesity, and the metabolic syndrome. Patients were
also switched directly from monotherapy to combina-
tion therapy, without a period of nontreatment, a
scenario that closely mimics the real-world experience
of clinical medicine. Another important component of

the study was that there was a large ABPM cohort of
patients treated with both dual and triple combination
therapy.

Although treating to goal is important for improving
outcomes in patients with hypertension,11 BP control
rates remain suboptimal.1,2,4,7 Treating to goal is par-
ticularly important for patients with diabetes, who
tend to have a disproportionately higher prevalence of
hypertension12 and are at a greater risk of developing
cardiovascular (CV) and renal disease.13,14 Barriers to
BP goal achievement include a lack of patient adher-
ence to prescribed antihypertensive therapy regimens
and clinical inertia, defined as the failure of clinicians
to increase dosages or add new medications when BP
treatment goals are unmet.5,15,16 These factors are par-
ticularly relevant because for most patients, BP goal
achievement necessitates the use of �2 antihyperten-
sive therapies.14

Clinical inertia is a multifactorial issue and physicians
have a role to play in avoiding this problem by evaluat-
ing evidence that supports the use of aggressive treat-
ment algorithms. The results of the BP-CRUSH study
may suggest that the tools to implement these strategies

FIGURE 3. Change in mean ambulatory systolic blood pressure (SBP) and diastolic blood pressure (DBP) (�standard error of the mean) during the
24-hour dosing interval and daytime, nighttime, and last 2, 4, and 6 hours of the dosing interval at week 12 (A) and week 20 (B).
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are available. The study demonstrated that in previously
treated patient subpopulations that are often associated
with clinical inertia and low rates of BP control, the use
of a combination of antihypertensive drugs enabled a
greater proportion to achieve their treatment goals. The
development of single-pill triple therapy formulations
may also make these algorithms more acceptable by aid-
ing patient adherence because intensifying therapy
would not increase the pill burden, a factor associated
with nonadherence.17 Increased adherence has been pre-
viously demonstrated for fixed-dose combinations of 2
antihypertensive agents.18,19

An important measure of the efficacy of any antihy-
pertensive therapeutic regimen is its ability to control

BP throughout the 24-hour dosing interval. The mea-
surement of ambulatory BP during the 24-hour period
permits the assessment of BP control throughout the
dosing interval.14 Maintaining BP control during the
last 6, 4, and 2 hours of the dosing interval is critical
because this is the time when the morning surge in BP
occurs, a factor known to be associated with an
increased incidence of CV events.20,21 In the present
study, the AML ⁄ OM-based titration regimen signifi-
cantly reduced the mean 24-hour, daytime (8 AM–
4 PM), and nighttime (10 PM–6 AM) ambulatory BP, as
well as the mean ambulatory BP during the last 2, 4,
and 6 hours of the dosing interval, from baseline at
both 12 and 20 weeks. Measurement of ambulatory
BP also allows for the evaluation of whether nocturnal
BP decreases by a prespecified percentage (ie, patient
classified as a dipper) compared with daytime BP.
Compared with patients who are classified as dippers,
patients who are nondippers have an increased risk of
CV events.22 In the present study, 74.7% of patients
who were dippers at baseline remained dippers at the
end of the study. Furthermore, 53.1% of patients who
were nondippers at baseline were dippers at the end of
the study.

Currently, there are no guideline-approved ambula-
tory BP goals, although the American Heart Associa-
tion suggests that normal 24-hour, daytime, and
nighttime ambulatory BP targets should be <130 ⁄ 80
mm Hg, <135 ⁄ 85 mm Hg, and <120 ⁄ 70 mm Hg,
respectively.23 At the end of the study, the ABPM tar-
get of <130 ⁄ 80 mm Hg was reached by 90.5% of
patients during the 24-hour dosing period, the target
of <135 ⁄ 85 mm Hg was reached by 88.4% of patients
during the daytime (8 AM–4 PM), and the target of
<120 ⁄ 70 mm Hg was reached by 78.9% of patients
during the nighttime (10 PM–6 AM). Taken together,
these ABPM data support the efficacy of an
AML ⁄ OM-based titration regimen in controlling BP
throughout the 24-hour dosing period.

In addition to being effective, the AML ⁄ OM-based
titration regimen explored in this study was safe and

FIGURE 4. Ambulatory systolic blood pressure (SBP) over the 24-
hour dosing interval at week 12 (A) and week 20 (B). Time 0 represents
12 AM. Dosing occurred at 8 AM�120 minutes.

FIGURE 5. Proportion of patients achieving mean 24-hour, daytime (8 AM–4 PM), and nighttime (10 PM–6 AM) ambulatory blood pressure targets at
weeks 12 and 20. ABPM indicates ambulatory blood pressure monitoring.
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well tolerated, and no new safety issues were
observed. The most common drug-related TEAEs
observed were dizziness, hypotension, fatigue, and
nausea. As observed in previous studies, the addition
of OM to AML appears to mitigate AML-associated
development of peripheral edema.24,25 The addition of
HCTZ to AML ⁄ OM did not affect the safety of the
AML ⁄ OM-based titration regimen. The incidence of
most drug-related TEAEs was similar among recipients
of AML ⁄ OM+HCTZ and AML ⁄ OM-based regimens.
Although the incidence of dizziness was slightly higher
with the addition of HCTZ to AML ⁄ OM, the
incidence of hypotension was similar. The incidence of
peripheral edema was slightly lower with triple
therapy than previous titration steps.

STUDY LIMITATIONS AND STRENGTHS
A limitation of the BP-CRUSH study is its open-label,
single-arm design. This could introduce treatment bias.
The strengths include the large study population, the
use of ABPM to evaluate 24-hour BP control, and the
implementation of aggressive BP criteria for dose
titration. The enrollment of a large study population
that included a high proportion of patients with char-
acteristics associated with difficult-to-treat hyperten-
sion demonstrates the efficacy of an AML ⁄ OM-based
titration regimen in achieving BP control in a diverse
population of patients, thus increasing the applicability
of the study to the general population.

Gaps remain between treatment guidelines and their
implementation. In order to address the future needs
of caring for patients with hypertension, physicians
should be aware that patients can respond effectively
and safely when switching from monotherapy to com-
bination therapy. It is accepted that reducing BP
improves patient outcomes. Evidence that olmesartan-
based therapies result in superior outcomes vs other
regimens needs to be addressed in future studies. It
also needs to be established that reducing clinical iner-
tia and improving adherence to therapy results in
improved patient outcomes. More studies are also
needed to explore the benefits of the earlier introduc-
tion of 2- and even 3-component single-pill combina-
tion treatment in patients who are more than 20 mm
Hg or 30 mm Hg from SBP control. The earlier attain-
ment of BP control may result in reduced risk for CV
events as a result of not only earlier control of BP, but
also better long-term control.26,27

CONCLUSIONS
Switching to a single-pill combination of AML ⁄ OM
effectively controlled BP in a large proportion of
patients with hypertension who were previously
uncontrolled on antihypertensive monotherapy. Add-
ing HCTZ to the titration regimen allowed more
patients to achieve the SeBP goal of <140 ⁄ 90 mm Hg
(<130 ⁄ 80 mm Hg for patients with diabetes). Titra-
tion to an AML ⁄ OM+HCTZ combination was well

TABLE II. Summary of AEs

AE, No. (%)

AML ⁄ OM

5 ⁄ 20 mg (N=999)

AML ⁄ OM

5 ⁄ 40 mg (N=892)

AML ⁄ OM

10 ⁄ 40 mg (N=795)

AML ⁄ OM 10 ⁄ 40+HCTZ

12.5 mg (N=699)

AML ⁄ OM 10 ⁄ 40+HCTZ

25 mg (N=496)

Totala

(N=999)

Patients with any TEAE 214 (21.4) 158 (17.7) 188 (23.6) 180 (25.8) 99 (20.0) 529 (53.0)

Patients with any

drug-related TEAE

75 (7.5) 39 (4.4) 70 (8.8) 74 (10.6) 47 (9.5) 255 (25.5)

Patients with any

serious TEAE

2 (0.2) 3 (0.3) 3 (0.4) 3 (0.4) 1 (0.2) 12 (1.2)b

Patients with any

drug-related serious TEAE

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)c 0 (0.0)

Drug-related TEAEs: >1%

of patients

Peripheral edema 13 (1.3) 8 (0.9) 35 (4.4) 7 (1.0) 4 (0.8) 65 (6.5)

Nausea 6 (0.6) 4 (0.4) 1 (0.1) 3 (0.4) 1 (0.2) 14 (1.4)

Fatigue 9 (0.9) 3 (0.3) 2 (0.3) 4 (0.6) 2 (0.4) 20 (2.0)

Dizziness 20 (2.0) 10 (1.1) 11 (1.4) 26 (3.7) 13 (2.6) 76 (7.6)

Dizziness, postural 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 2 (0.2)

Headache 8 (0.8) 5 (0.6) 3 (0.4) 3 (0.4) 1 (0.2) 20 (2.0)

Blood uric acid increase 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.3) 6 (1.2) 8 (0.8)

Hypotension 3 (0.3) 6 (0.7) 5 (0.6) 4 (0.6) 5 (1.0) 23 (2.3)

Orthostatic hypotensiond 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.2) 2 (0.2)

Abbreviations: AML, amlodipine; HCTZ, hydrochlorothiazide; OM, olmesartan medoxomil; SAE, serious adverse event (AE); TEAE, treatment-
emergent AE. aThe total number of patients with an AE may not match the sum of the individual titration steps because a single patient could
experience the same event at �1 titration step. bOne additional SAE (unstable angina and non–ST-elevation myocardial infarction) occurred in
1 patient with a history of type 2 diabetes and hypertension while taking AML ⁄ OM 10 ⁄ 40+HCTZ 25 mg. This SAE, which was not considered by the
investigator to be related to study drug, was not reported until 2 months after database lock and was not recorded in the clinical database. cOne
serious TEAE (abdominal pain) was considered to be possibly related to HCTZ 25 mg as recorded in the ARISg risk management database (Aris
Global LLC, Stamford, CT) by the investigator. This event was not recorded by the investigators as drug-related on the clinical report form.
dDrug-related TEAE occurred at an incidence of <1%; however, it was considered to be a drug-related TEAE of interest.
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tolerated. Using a single-pill combination of
AML ⁄ OM, with the addition of HTCZ if required,
and following a BP goal-based treatment algorithm,
the vast majority of patients previously uncontrolled
on antihypertensive monotherapy can achieve BP goals
without experiencing AEs.
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