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Most patients with hypertension require combination ther-
apy in order to achieve blood pressure (BP) goals. This 40-
week open-label extension of the 12-week double-blind
Triple Therapy With Olmesartan Medoxomil, Amlodipine,
and Hydrochlorothiazide in Hypertensive Patients Study
(TRINITY) evaluated the efficacy and safety of triple-
combination treatments with olmesartan medoxomil, amlo-
dipine besylate, and hydrochlorothiazide (OM ⁄ AML ⁄
HCTZ) in 2112 participants with moderate to severe hyper-
tension. Following 2 weeks of initial treatment with OM
40 ⁄ AML 5 ⁄ HCTZ 12.5 mg, participants not achieving BP

goal were titrated to OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg or OM
40 ⁄ AML 10 ⁄ HCTZ 12.5 mg on a randomized basis. At week
16, participants who did not achieve BP goal were further
titrated to OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg. At the end of the
study, 44.5% to 79.8% of participants reached BP goal
and the mean BP decreased from 168.6 ⁄ 100.7 mm Hg
(baseline BP at randomization) to 125.0 to 136.8 mm
Hg ⁄ 77.8 to 82.5 mm Hg, depending on treatment. Long-
term treatment with OM ⁄ AML ⁄ HCTZ was well tolerated and
effective with no new safety concerns. J Clin Hypertens
(Greenwich). 2012;14:149–157. �2012 Wiley Periodicals, Inc.

Recent data from the National Health and Nutrition
Examination Survey (NHANES) indicate that 76.4
million adults in the United States have high
blood pressure (BP), defined as systolic BP (SBP)
�140 mm Hg, diastolic BP (DBP) �90 mm Hg, or use
of prescription medication to lower BP.1,2 Furthermore,
the prevalence of this condition, 33.5%, is more than
twice the national Healthy People 2010 goal of 16%
and has not decreased significantly in the past
10 years.1–3 With the aging population, the prevalence
of hypertension (not age-adjusted) in 2030 is projected
to be 37.3%.4

Hypertension is a risk factor for cardiovascular dis-
ease, including myocardial infarction, heart failure,
stroke, and kidney failure, leading to increased mor-
bidity and mortality.2,5 Clinical trial data demonstrate
that effective BP lowering reduces the risk of cardio-
vascular and cerebrovascular events.5,6

Hypertension control has improved from 27.3% of
treated patients whose BP was <140 ⁄ 90 mm Hg in
1988–1994 to 50.1% in 2007–2008, thus achieving

the Healthy People 2010 national objective of control-
ling BP in 50% of individuals with hypertension.1,7

One factor that contributes to hypertension control is
the increasing use of combination therapy secondary
to the fact that most patients with hypertension
require multiple therapeutic agents to reach BP
goal.5,8,9

Successful management of hypertension requires
both health-promoting lifestyle changes and long-term
pharmacotherapy.5 Adherence to treatment requires
medications that are effective, well tolerated, and con-
venient, as only approximately 40% of treated patients
continue treatment for 10 years.10

Although clinical trial data demonstrate that most
patients with hypertension can achieve BP goal,11–13

most will require >1 antihypertensive agent and many
will require �3 agents to achieve BP goal.11–13 The
requirement for combination therapy is not unex-
pected, as physiologic compensatory mechanisms, such
as diuretic-induced activation of the renin-angiotensin-
aldosterone system, may lead to tolerance of single-
agent therapy, limiting long-term response.14

The Triple Therapy With Olmesartan Medoxomil,
Amlodipine, and Hydrochlorothiazide in Hypertensive
Patients Study (TRINITY) showed that triple-combina-
tion treatment with OM 40 mg, AML 10 mg, and
HCTZ 25 mg was effective in controlling BP com-
pared with the component dual-combination treat-
ments and was well tolerated.15 The purpose of this
open-label extension was to assess the long-term
efficacy and safety (using a sequential algorithm that
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models real-world clinical practice) of the triple-
combination treatment OM ⁄ AML ⁄ HCTZ to treat
study participants to BP goal.

METHODS
The TRINITY study was a phase 3, randomized,
parallel-group evaluation of participants 18 years and
older with mean seated BP (SeBP) �140 ⁄ 100 mm Hg
or �160 ⁄ 90 mm Hg (off antihypertensive medication)
conducted at 317 clinical sites in the United States and
Puerto Rico. The trial consisted of a 3-week washout
(period I); a 12-week, double-blind, randomized treat-
ment (period II); a 40-week open-label treatment
(period III); and a 2-week post-treatment follow-up.
Details of the study design and results of the 12-week
randomized treatment period have previously been
reported.15 In the first 2 weeks of the double-blind
treatment period, participants were randomized to
receive dual-combination treatment and a subset of
participants received placebo. Thereafter, all partici-
pants taking placebo were switched to dual-combina-
tion treatment, which was continued from weeks 2 to
4. Triple-combination treatment with OM 40 ⁄ AML
10 ⁄ HCTZ 25 mg was initiated in a subset of partici-
pants from each of the 3 dual-combination treatment
groups at week 4 and continued until week 12.15 The
change in SeBP for triple-combination treatment was
compared with the component dual-combination treat-
ments at week 12.15

On completion of the 12-week randomized period,
study participants were enrolled in the open-label
extension and all participants were switched to OM
40 ⁄ AML 5 ⁄ HCTZ 12.5 mg (administered as OM
40 ⁄ AML 5 mg fixed-dose combination plus HCTZ
12.5 mg). Participants not achieving BP goal
(<140 ⁄ 90 mm Hg or <130 ⁄ 80 mm Hg for partici-
pants with diabetes, chronic renal disease, or chronic
cardiovascular disease) after 2 weeks (week 14) were
randomly titrated to 1 of 2 treatments (OM 40 ⁄ AML
10 ⁄ HCTZ 12.5 mg [administered as OM 40 ⁄ AML
10 mg fixed-dose combination plus HCTZ 12.5 mg]
or OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg [administered as
OM 40 ⁄ AML 5 mg fixed-dose combination plus
HCTZ 25 mg]) using an interactive voice response
system. Participants not achieving BP goal 2 weeks
after this titration (week 16) were further titrated
to OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg (administered as
OM 40 ⁄ AML 10 mg fixed-dose combination plus
HCTZ 25 mg). Participants achieving BP goal
generally remained on the same treatment throughout
the open-label treatment period but could be uptitrat-
ed at any time as per the investigator’s discretion. If
participants experienced symptoms of hypotension or
intolerance to study medications, back-titration to a
lower dose of triple-combination treatment (but not to
dual-combination treatment) was at the investigator’s
discretion. All participants were treated per the investi-
gator’s discretion at the conclusion of the open-label
extension.

Study visits were scheduled at weeks 12 (start of the
open-label extension), 14, 16, 18, 20, 28, 36, 44, and
52 to assess BP response and safety, and a follow-up
visit was scheduled at week 54 to evaluate safety
issues. Three BP assessments were made at each visit
(trough BP measurement) using a validated cuff oscil-
lometric monitor (Omron HEM-705CP, Omron
Healthcare, Inc, Bannockburn, IL) and the mean of
these 3 measurements was used as the BP for that
visit.

The primary efficacy variable for this evaluation
was seated DBP (SeDBP) and seated SBP (SeSBP) at
each scheduled visit during the open-label extension.
Secondary efficacy variables included the titration
effect corresponding to changes in dosing regimen on
SeDBP and SeSBP, the proportion of study partici-
pants reaching BP goal at each visit, and the propor-
tion of participants achieving prespecified BP targets
(SeBP <140 ⁄ 90 mm Hg, SeBP <130 ⁄ 80 mm Hg, SeBP
<120 ⁄ 80 mm Hg, SeSBP <140 mm Hg, and SeDBP
<90 mm Hg) at any time during the open-label treat-
ment period.

Safety assessments included adverse events (AEs),
physical examinations, 12-lead electrocardiography
(ECG), and clinical laboratory tests. All AEs occur-
ring during and up to 14 days following the open-
label treatment period were recorded and categorized
by the treatment regimen in which the AE started.
AEs developing prior to the open-label treatment per-
iod (ie, during the 12-week randomized treatment
period) were counted as AEs for the open-label exten-
sion only if they worsened during the open-label
extension.

Statistical Analysis
The primary efficacy population included all study
participants who entered the open-label period,
received at least 1 dose of open-label study medica-
tion, and provided at least one post-dose assessment
of BP. SeDBP and SeSBP at each open-label visit,
titration effect, proportion of participants reaching BP
goal, proportion of participants achieving BP targets,
and change in SeDBP and SeSBP from baseline (week
0) to week 52 ⁄ early termination (ET) were assessed
using summary statistics by treatment group. The
comparative efficacy of the 2 randomized titration
regimens (OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg and OM
40 ⁄ AML 5 ⁄ HCTZ 25 mg) in study participants not
achieving BP goal at week 14 was assessed using
an analysis of covariance model with titrated treat-
ment as a fixed effect and BP value at week 14 as a
covariate.

The primary safety population included all study
participants who entered the open-label period and
received at least 1 dose of open-label study medica-
tion. AEs were assessed using summary statistics by
onset dosing regimen and laboratory and ECG assess-
ments were assessed using summary statistics by final
dosing regimen.
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RESULTS

Demographic and Baseline Characteristics
Overall, 2112 study participants entered the open-
label treatment period and received at least 1 dose of
study medication (safety population), 2098 partici-
pants provided at least 1 post-dose BP assessment (effi-
cacy population), and 1796 participants completed the
40-week open-label extension (Figure 1). Reasons for
premature discontinuation in 316 (15%) participants
were AEs (127 [6.0%]), withdrawn consent (85
[4.0%]), lost to follow-up (55 [2.6%]), protocol viola-
tions (24 [1.1%]), pregnancy (2 [0.1%]), and other
(23 [1.1%]).

Table I summarizes demographic and clinical char-
acteristics of study participants entering the open-label
extension by dosing regimen. Baseline demographics
and characteristics of participants who entered the
open-label extension were comparable to those of par-
ticipants who entered the 12-week double-blind period
of the study.15 In the open-label extension compared
with the 12-week study, participant mean age was
55.4 and 55.1 years, mean duration of hypertension
was 10.1 and 9.9 years, and mean baseline SeBP was
168.6 ⁄ 100.7 mm Hg and 168.5 ⁄ 100.9 mm Hg, respec-
tively. Overall, 53.3% of the open-label extension and
52.9% of the 12-week study participants were men
and 67.7% of the open-label extension and 66.8% of
the 12-week study participants were Caucasian.

Efficacy
Mean BP by treatment group at weeks 12 (start of the
open-label extension), 14, 16, 28, and 52 ⁄ ET are
summarized in Table II. At week 12, mean SeBP of the

open-label cohort was 134.8 ⁄ 82.3 mm Hg (mean SeBP
was measured prior to the first dose of open-label study
medication but while receiving blinded antihypertensive
study medication). At week 52 ⁄ ET, the mean SeBP by
final dosing regimen was 125.0 ⁄ 77.8 mm Hg for OM
40 ⁄ AML 5 ⁄ HCTZ 12.5 mg, 130.7 ⁄ 80.2 mm Hg for
OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg, 129.4 ⁄ 78.8 mm Hg for
OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg, and 136.8 ⁄ 82.5
mm Hg for OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg.

Overall, approximately 45% of study participants
did not achieve BP goal within 2 weeks of starting
open-label treatment with OM 40 ⁄ AML 5 ⁄ HCTZ
12.5 (week 14) and 912 participants were subse-
quently randomized to OM 40 ⁄ AML 10 ⁄ HCTZ
12.5 mg or OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg. Both treat-
ment regimens resulted in statistically significant
reductions in SeDBP and SeSBP (P<.0001) at week 16
compared with week 14, as expected. The difference
between the 2 groups was not statistically significant
(SeDBP, P=.2889; SeSBP, P=.8588) (Table S1). As a
result, an additional 37% of participants titrated to
each of these triple-combination treatments at week
14 achieved BP goal by week 16.

When data from all dose titrations that occurred
throughout the open-label extension were analyzed,
each titration resulted in mean reductions in SeDBP
and SeSBP that ranged from )2.9 to )5.7 mm Hg and
)5.9 to )10.2 mm Hg, respectively. Titration from
OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg to OM 40 ⁄ AML 10 ⁄
HCTZ 25 mg was associated with the greatest mean
reduction in SeDBP ()5.7 mm Hg) and titration from
OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg to OM 40 ⁄ AML
10 ⁄ HCTZ 25 mg was associated with the greatest
mean reduction in SeSBP ()10.2 mm Hg) (Table III).

FIGURE 1. Study participant disposition by final dosing regimen for the open-label treatment period. AML indicates amlodipine besylate; HCTZ,
hydrochlorothiazide; OM, olmesartan medoxomil.
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Mean changes in BP from baseline (start of the
12-week randomized period) to week 52 ⁄ ET were
comparable across all 4 treatment groups (SeDBP:
)19.4 mm Hg to )22.1 mm Hg; SeSBP: )37.2 mm Hg
to )39.1 mm Hg; Figure 2). Final dosing correlated
with study participant’s baseline BP: participants with
the lowest baseline BP tended to receive OM 40 ⁄ AML
5 ⁄ HCTZ 12.5 mg, participants with intermediate
baseline BP tended to receive OM 40 ⁄ AML 10 ⁄ HCTZ
12.5 mg or OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg, and partic-
ipants with the highest baseline BP tended to receive
OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg.

The percentage of study participants who reached
BP goal at week 52 ⁄ ET was 79.8% in the OM
40 ⁄ AML 5 ⁄ HCTZ 12.5 mg group, 68.8% in the
OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg group, 64.4% in
the OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg group, and 44.5%
in the OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg group
(Table II). The lower percentage of goal attainment in
participants who received OM 40 ⁄ AML 10 ⁄ HCTZ
25 mg may be explained by the combination of higher
BP at baseline and a greater prevalence of diabetes,
which required the lower BP goal of <130 ⁄ 80 mm Hg.
Most BP targets (with the exception of <120 ⁄ 80
mm Hg) were achieved by a greater percentage of par-

ticipants who received OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg
compared with participants receiving any of the other
3 triple-combination treatments (Figure 3).

Safety and Tolerability
During the open-label extension, mean exposure to
any triple-combination treatment was 256 days. Expo-
sure to the individual triple-combination treatments
was 117.3 days for OM 40 ⁄ AML 5 ⁄ HCTZ 12.5 mg,
104.0 days for OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg,
105.9 days for OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg, and
200.8 days for OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg. No
new safety concerns were identified for any of the
triple-combination treatments that were not known to
occur with the individual component treatments.

In total, 1515 (71.7%) study participants experi-
enced an AE and 536 (25.4%) experienced a drug-
related AE during the open-label extension. Most AEs
and drug-related AEs were considered to be of mild or
moderate severity (Table IV). Overall, 106 (5.0%)
study participants had a serious AE (SAE) and 5
(0.2%) had a drug-related SAE. These included acute
renal insufficiency, presyncope, and hypotension in
3 study participants who received OM 40 ⁄ AML
5 ⁄ HCTZ 12.5 mg, acute renal insufficiency with

TABLE I. Demographic and Baseline Characteristics of Study Participants Entering the Open-Label Study by Final
Dosing Regimena

OM 40 ⁄ AML 5 ⁄ HCTZ

12.5 mg

(n=869)

OM 40 ⁄ AML 5 ⁄ HCTZ

25 mg

(n=246)

OM 40 ⁄ AML 10 ⁄ HCTZ

12.5 mg

(n=239)

OM 40 ⁄ AML 10 ⁄ HCTZ

25 mg

(n=758)

Age, mean (SD), y 54.6 (10.8) 57.0 (10.5) 55.6 (11.4) 55.8 (10.3)

Age group, No. (%)

<65 y 722 (83.1) 188 (76.4) 179 (74.9) 609 (80.3)

�65 y 147 (16.9) 58 (23.6) 60 (25.1) 149 (19.7)

�75 y 25 (2.9) 10 (4.1) 8 (3.3) 23 (3.0)

Sex, No. (%)

Male 429 (49.4) 114 (46.3) 135 (56.5) 448 (59.1)

Ethnicity

Hispanic or Latino 125 (14.4) 47 (19.1) 37 (15.5) 100 (13.2)

Race, No. (%)b

White 629 (72.4) 175 (71.1) 149 (62.3) 477 (62.9)

Black 211 (24.3) 63 (25.6) 84 (35.1) 264 (34.8)

Asian 21 (2.4) 4 (1.6) 4 (1.7) 10 (1.3)

Other 10 (1.1) 5 (2.0) 3 (1.2) 9 (1.1)

BMI, mean (SD), kg ⁄ m2 32.0 (6.7) 33.8 (7.3) 32.5 (7.1) 34.6 (7.4)

BMI category, No. (%)

BMI <30 kg ⁄ m2 370 (42.6) 87 (35.4) 105 (43.9) 218 (28.8)

BMI �30 kg ⁄ m2 499 (57.4) 159 (64.6) 134 (56.1) 540 (71.2)

Diabetes, No. (%) 63 (7.2) 34 (13.8) 40 (16.7) 197 (26.0)

Chronic kidney disease, No. (%)c 30 (3.5) 13 (5.3) 14 (5.9) 36 (4.7)

Chronic cardiovascular disease, No. (%) 55 (6.3) 30 (12.2) 20 (8.4) 86 (11.3)

Duration of hypertension, mean (SD), y 8.6 (8.6) 9.5 (9.3) 11.3 (9.7) 11.7 (10.4)

Baseline SeSBP, mean (SD), mm Hgd 163.8 (11.8) 169.6 (13.0) 167.8 (12.6) 174.1 (14.7)

Baseline SeDBP, mean (SD), mm Hgd 99.8 (6.9) 100.5 (7.4) 100.5 (7.2) 102.0 (8.5)

Abbreviations: AML, amlodipine besylate; BMI, body mass index; HCTZ, hydrochlorothiazide; OM, olmesartan medoxomil; SD, standard deviation;
SeDBP, seated diastolic blood pressure; SeSBP, seated systolic blood pressure. aBaseline data were collected prior to randomization into the
double-blind period of the study. bStudy participants could select more than one race. cDefined as screening creatinine clearance �30 mL ⁄ min and
�60 mL ⁄ min. dBaseline BP was defined as the mean of the randomization visit and the visit immediately preceding randomization.
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hyperkalemia in 1 participant, and syncope in 1 partic-
ipant who receieved OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg.
Although a greater percentage of participants treated
with OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg experienced an
AE, drug-related AE, or SAE, the extent of exposure
to this triple-combination treatment was approxi-
mately twice as long compared with the other 3 treat-
ment groups.

The percentage of participants who discontinued the
study during the open-label extension was low and
similar across treatment groups (Table IV). Overall,
127 (6.0%) participants discontinued due to an AE,
72 (3.4%) discontinued due to a drug-related AE, and

23 (1.1%) discontinued due to an SAE (2 SAEs were
considered possibly related to study medication).
Three deaths occurred during the open-label extension;
however, none were considered to be related to study
drug. One participant died from complications of a
pharyngeal abscess while receiving OM 40 ⁄ AML
5 ⁄ HCTZ 12.5 mg, another died from cardiac arrest
during an acute coronary syndrome while receiving
OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg, and the cause of
death in the third participant (who received OM
40 ⁄ AML 10 ⁄ HCTZ 12.5 mg) was unknown.

The most frequently reported AEs (>3%) by the
onset of treatment regimen were dizziness (4.3%) and

TABLE III. Titration Effect: Change in Blood Pressure—All Participants Entering the Open-Label Extension Period
With Dosage Change in Study Medication

OM 40 ⁄ AML 5 ⁄ HCTZ 12.5 mg

to

OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg

OM 40 ⁄ AML 5 ⁄ HCTZ 12.5 mg

to

OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg

OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg

to

OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg

OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg

to

OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg

No.a 604 639 360 383

Change in SeDBP,

mean (SD)

)2.9 (8.3) )4.4 (8.7) )5.7 (9.4) )5.0 (9.1)

Change in SeSBP,

mean (SD)

)5.9 (13.6) )6.8 (13.3) )9.9 (15.0) )10.2 (13.8)

Abbreviations: AML, amlodipine besylate; BP, blood pressure; HCTZ, hydrochlorothiazide; OM, olmesartan medoxomil; SD, standard deviation;
SeDBP, seated diastolic blood pressure; SeSBP, seated systolic blood pressure. Titration effect was calculated as BP measurement at last visit on
the new dose regimen minus BP measurement at last visit of the previous dose regimen. aNumber of titration events. Six participants had duplicate
titration events from OM 40 ⁄ AML 5 ⁄ HCTZ 12.5 mg to OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg. Two participants had duplicate titration events from OM
40 ⁄ AML 10 ⁄ HCTZ 12.5 mg to OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg.

TABLE II. Mean Seated Blood Pressure and Blood Pressure Goal by Treatment Group From Week 12 to End of
Study

Time Point OM 40 ⁄ AML 5 ⁄ HCTZ 12.5 mg OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg

Week 12a

No. 2098 0 0 0

Mean (SD) 134.8 ⁄ 82.3 (16.2 ⁄ 10.1) — — —

No. (%) to goal 1076 (51.3) — — —

Week 14

No. 2060 0 0 0

Mean (SD) 134.2 ⁄ 81.8 (16.2 ⁄ 9.9) — — —

No. (%) to goal 1130 (54.9) — — —

Week 16

No. 1111 449 463 7

Mean (SD) 127.2 ⁄ 78.5 (12.6 ⁄ 8.5) 139.2 ⁄ 83.2 (14.8 ⁄ 9.1) 138.9 ⁄ 83.4 (14.2 ⁄ 9.7) 144.7 ⁄ 86.7 (10.3 ⁄ 13.4)

No. (%) to goal 868 (78.1) 167 (37.2) 171 (36.9) 1 (14.3)

Week 28

No. 844 237 259 590

Mean (SD) 125.1 ⁄ 77.4 (12.2 ⁄ 8.0) 131.7 ⁄ 80.2 (12.4 ⁄ 8.6) 131.3 ⁄ 79.6 (12.7 ⁄ 9.4) 137.7 ⁄ 83.0 (13.5 ⁄ 9.8)

No. (%) to goal 701 (83.1) 154 (65.0) 161 (62.2) 241 (40.8)

Week 52 ⁄ early termination

No. 857 247 240 751

Mean (SD) 125.0 ⁄ 77.8 (14.2 ⁄ 9.1) 130.7 ⁄ 80.2 (13.7 ⁄ 9.2) 129.4 ⁄ 78.8 (12.6 ⁄ 9.2) 136.8 ⁄ 82.5 (15.5 ⁄ 10.0)

No. (%) to goal 684 (79.8) 159 (64.4) 165 (68.8) 334 (44.5)

Abbreviations: AML, amlodipine besylate; HCTZ, hydrochlorothiazide; OM, olmesartan medoxomil; SD, standard deviation. aData summarized at
week 12 were measured before the first dose of the open-label study medication.
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upper respiratory tract infection (URTI, 3.4%) in
study participants who received OM 40 ⁄ AML
5 ⁄ HCTZ 12.5 mg; dizziness (3.5%) in participants
who received OM 40 ⁄ AML 5 ⁄ HCTZ 25 mg; periph-
eral edema (4.0%) and dizziness (3.4%) in partici-
pants who received OM 40 ⁄ AML 10 ⁄ HCTZ 12.5 mg;
and peripheral edema (6.1%), dizziness (4.8%), URTI

(4.2%), nasopharyngitis (3.9%), arthralgia (3.4%),
and headache (3.3%) in participants who received
OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg (Table IV). With the
exceptions of peripheral edema (which was more com-
mon in participants who received AML 10 mg than
AML 5 mg as part of the triple-combination treat-
ment) and arthralgia (which was more common in

FIGURE 3. Proportion of study participants achieving blood pressure (BP) targets at any time during the open-label treatment period by final dosing
regimen. AML indicates amlodipine besylate; HCTZ, hydrochlorothiazide; OM, olmesartan medoxomil; SeDBP, seated diastolic BP; SeSBP, seated
systolic BP.

FIGURE 2. Change in blood pressure (BP) from baseline (week 0) to end of study by final dosing regimen. Baseline BP was defined as the mean of
the randomization visit and the visit immediately preceding randomization; n is the number of study participants with values at both time points.
AML indicates amlodipine besylate; HCTZ, hydrochlorothiazide; OM, olmesartan medoxomil; SD, standard deviation; SeBP, seated BP; SeDBP,
seated diastolic BP; SeSBP, seated systolic BP.
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participants receiving OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg
than other treatments), there were no clinically mean-
ingful differences in AEs between treatment groups.

DISCUSSION
Many patients with hypertension will require �2 anti-
hypertensive agents in order to achieve BP goal.11–13

Consequently, using a fixed-dose combination may
lead to more rapid goal attainment, enhanced adher-
ence due to regimen simplification, and better overall
BP control.8,9,16–20 The requirement for �2 antihyper-
tensive agents is not unexpected due to the multifacto-
rial pathogenesis of the condition.21 In a meta-analysis
of data from 42 randomized trials, combining agents
from different antihypertensive drug classes was shown
to produce a BP reduction 5-fold greater than that
produced by doubling the dose of a single agent.22

OM, AML, and HCTZ each target a different path-
way in the control of hypertension, and these comple-
mentary mechanisms of action make these 3 agents
a rational choice for combination therapy.14,20,22

Previous clinical trials have evaluated the efficacy
and safety of combining �2 of these agents and
have clearly demonstrated an additive BP-lowering
effect.23–28 Moreover, a fixed-dose combination of
these 3 agents, by facilitating adherence, may improve
the treatment of patients with resistant hypertension,
defined as BP that remains above goal despite concur-
rent use of 3 antihypertensive agents of different
classes, including a diuretic.14,29–32

The current open-label extension of the 12-week
TRINITY study demonstrates that long-term adminis-
tration of the combination of OM ⁄ AML ⁄ HCTZ is
both effective and well tolerated. Mean baseline reduc-
tions in SeDBP and SeSBP at week 52 ⁄ ET ranged from
)19.4 to )22.1 mm Hg and )37.2 to )39.1 mm Hg,
respectively. As a result, baseline mean SeBP decreased
from 168.6 ⁄ 100.7 mm Hg to 125.0–136.8 ⁄ 77.8–
82.5 mm Hg at the conclusion of the study. These BP
reductions were similar to those seen in study partici-
pants who received the triple-combination treat-
ment (OM 40 ⁄ AML 10 ⁄ HCTZ 25 mg) during the

TABLE IV. Study Participants With Adverse Events by Onset Dosing Regimen

OM 40 ⁄ AML 5 ⁄ HCTZ

12.5 mg

(n=2112)

OM 40 ⁄ AML 5 ⁄ HCTZ

25 mg

(n=627)

OM 40 ⁄ AML 10 ⁄ HCTZ

12.5 mg

(n=652)

OM 40 ⁄ AML 10 ⁄ HCTZ

25 mg

(n=790)

All AEs 989 (46.8) 228 (36.4) 244 (37.4) 467 (59.1)

Mild 531 (25.1) 121 (19.3) 120 (18.4) 231 (29.2)

Moderate 380 (18.0) 86 (13.7) 99 (15.2) 189 (23.9)

Severe 78 (3.7) 21 (3.3) 25 (3.8) 47 (5.9)

Drug-related AEsa 311 (14.7) 73 (11.6) 69 (10.6) 156 (19.7)

Serious AEs (SAEs)

All SAEs 40 (1.9) 11 (1.8) 17 (2.6) 38 (4.8)

Drug-related SAEs 3 (0.1) 2 (0.3) 0 0

Deaths 1 (0.0) 0 1 (0.2) 1 (0.1)

Discontinuationsb

All AEs 74 (3.5) 10 (1.6) 12 (1.8) 31 (3.9)

AEs starting in the

open-label treatment period

67 (3.2) 10 (1.6) 11 (1.7) 28 (3.5)

Drug-related AEs starting

in the open-label

treatment period

45 (2.1) 7 (1.1) 7 (1.1) 13 (1.6)

AEs occurring in �2% on any dosing regimen

Dizziness 91 (4.3) 22 (3.5) 22 (3.4) 38 (4.8)

Headache 47 (2.2) 16 (2.6) 17 (2.6) 26 (3.3)

Peripheral edema 42 (2.0) 8 (1.3) 26 (4.0) 48 (6.1)

Cough 44 (2.1) 16 (2.6) 8 (1.2) 18 (2.3)

Upper respiratory

tract infection

72 (3.4) 11 (1.8) 16 (2.5) 33 (4.2)

Nasopharyngitis 55 (2.6) 15 (2.4) 14 (2.1) 31 (3.9)

Urinary tract infection 59 (2.8) 15 (2.4) 7 (1.1) 23 (2.9)

Back pain 31 (1.5) 8 (1.3) 15 (2.3) 16 (2.0)

Arthralgia 27 (1.3) 7 (1.1) 8 (1.2) 27 (3.4)

Muscle spasms 22 (1.0) 10 (1.6) 6 (0.9) 18 (2.3)

Abbreviations: AE, adverse event; AML, amlodipine besylate; OM, olmesartan medoxomil; HCTZ, hydrochlorothiazide. aDrug-related was defined as
definitely, probably, or possibly related to randomized study medication. bTwo participants discontinued the study due to SAEs that were considered
possibly related to study medication (one receiving OM 40 ⁄ AML 5 ⁄ HCTZ 12.5 mg had acute renal insufficiency and another receiving OM 40 ⁄ AML
5 ⁄ HCTZ 25 mg had syncope). Data are presented as number (percentage) of study participants.
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double-blind portion of the study ()37.1 ⁄ 21.8
mm Hg),15 demonstrating the durable antihypertensive
efficacy of the triple combination.

The open-label extension algorithm is modeled after
real-world clinical practice for titrating patients to
goal.5 Although there was a defined, randomized dose
titration for study participants not achieving BP goal,
dose adjustments, either up or down, were at the dis-
cretion of the investigator who managed the partici-
pant. Using this algorithm, 55% of participants
reached BP goal within 2 weeks of initiating open-
label treatment with OM 40 ⁄ AML 5 ⁄ HCTZ 12.5 mg,
and, across treatment groups, 44.5% to 79.8% were
at BP goal at week 52 ⁄ ET. Although BP goal attain-
ment appeared to be inversely related to the strength
of the triple-combination treatment, this observation
may reflect specific subgroup variables and not treat-
ment-related factors. This premise is supported by the
observations that participants who were titrated to the
highest dose of triple-combination treatment also had
the highest BP at baseline and the highest prevalence
of diabetes, which required a more rigorous BP goal of
<130 ⁄ 80 mm Hg.

Physician therapeutic inertia (the failure to initiate
or intensify therapy when indicated) may also have
played a role in some study participants not achieving
BP goal.33–35 As previously mentioned, titration during
the open-label extension was at the discretion of the
investigator. As data indicate that physicians are less
likely to intensify treatment when patients are close to
BP goal,34,36 the investigator may have chosen not to
uptitrate participants’ treatment. For example, a sur-
vey of primary care physicians found that 52% would
not initiate treatment for hypertension in a middle-
aged adult with SBP between 140 mm Hg and
159 mm Hg; furthermore, 33% would not intensify
treatment for persistent SBP between 140 mm Hg and
158 mm Hg, and 25% would not intensify treatment
for persistent DBP between 90 mm Hg and
94 mm Hg.36 The availability of fixed-dose combina-
tions may help overcome physicians’ therapeutic iner-
tia and improve BP control rates.

Finally, triple-combination treatment with
OM ⁄ AML ⁄ HCTZ was safe and well tolerated during
this 40-week open-label extension. Discontinuation
due to AEs was infrequent and similar across treat-
ment groups.

CONCLUSIONS
This open-label extension of the TRINITY study dem-
onstrated the long-term efficacy and safety of
OM ⁄ AML ⁄ HCTZ triple-combination treatment. This
triple-combination therapy provides a safe and effec-
tive option for patients with hypertension who are not
adequately controlled on dual-combination treatments.
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