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ABSTRACT
Background: Fixed-dose combinations of antihy-

pertensive agents demonstrate advantages in terms of
efficacy, tolerability, and treatment adherence.

Objective: This study was designed to compare the effi-
cacy and safety of 2 ramipril and hydrochlorothiazide
(HCTZ)fixed-dose combinations inpatientswithhyperten-
sion stage 1 or 2. Patients’ blood pressure (BP) profiles were
evaluated by using 24-hour ambulatory BP monitoring
(ABPM).

Methods: This was a multicenter, prospective, random-
ized, open-label, parallel-group, noninferiority trial of adult
patients (age �18 years) with hypertension stage 1 or 2 and
systolic blood pressure (SBP) within 140 to 179 mm Hg or
diastolic blood pressure (DBP) 90 to 109 mm Hg. After a
2-week washout period, eligible patients were randomized
to receive 1 of 2 ramipril/HCTZ fixed-dose combination
formulations (5/25 mg/d) for 8 weeks. The primary end
point was the difference in 24-hour ABPM SBP/DBP mean
reductions between groups after 8 weeks of treatment. The
secondary end points were the changes in daytime and
nighttime ABPM and in office BP. Safety profile and tolera-
bility assessments included monitoring of adverse events.

Results: A total of 102 patients with hypertension (54
in group A [test formulation] and 48 in group B [reference
formulation]), aged 27 to 85 years, completed the 8-week
treatment period. The decreases in SBP and DBP accord-
ing to 24-hour ABPM from baseline to week 8 were sig-
nificant and similar in both groups. SBP decreased from
149.1 to 133.0 mm Hg (�16.1 mm Hg) in group A and
from 146.2 to 130.6 mm Hg in group B (�15.6 mm Hg)

(P � 0.8537); DBP was reduced by 8.8 mm Hg in group
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A and by 8.5 mm Hg in group B (P � 0.8748). Because
the lower 95% CI limit for the difference between groups
A and B of 3.96 mm Hg in SBP and 3.54 mm Hg in DBP
was lower than that preestablished by the trial protocol (4
mm Hg), noninferiority of the test formulation was dem-
onstrated compared with the reference formulation. For
the secondary end points, there was no significant differ-
ence between groups in SBP and DBP during daytime or
nighttime at the end of week 8. Office BP was significantly
reduced in both treatment groups, with no significant dif-
ferences between groups. The incidence of adverse events
was 23.7% in group A and 21.7% in group B.

Conclusions: Both treatment options were well tol-
erated and equally reduced BP. The results support the
conclusion that group A (new fixed-dose combination of
ramipril/HCTZ)wasnoninferior togroupB(referencemed-
ication in Brazil). ISRCTN Register: ISRCTN05051235.
(Clin Ther. 2013;35:702–710) © 2013 Published by

lsevier HS Journals, Inc.
Key words: ABPM, fixed-dose combination, hydro-

hlorothiazide, hypertension treatment, ramipril.

INTRODUCTION
High blood pressure (BP) is a public health problem that
affects �25% of the adult population worldwide. 1,2 Ac-
cording to the VI Brazilian Guidelines on Hyperten-
sion,3 �32.5% of Brazilian people aged �18 years are
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estimated to be hypertensive. Hypertension prevalence
increases with aging and is very high among elderly
people. The prevalence of high systolic BP (SBP) in
individuals aged �65 years is at least 60%.4 High BP is

major risk factor for cardiovascular (CV) morbidity
nd mortality, and it ranks as an important cause of
isability (adjusted for age).1,5

Despite the wide variety of available antihyperten-
sive agents, the diagnosis, treatment, and control of
high BP are still far from ideal, with rates ranging from
6% to 30% in different countries.1 In Brazil, Nobre et
l6 observed that the more rigorous the target, the
ower the BP control. Low adherence to treatment is
elated to high rates of mortality and CV events, and is
challenging aspect of hypertension treatment.7�9 The

number of daily doses affects patient adherence to
treatment. 10 A fixed-dose combination of �2 agents
nd a single daily dose are strategies that can be used to
mprove adherence to treatment.3, 11,12

Angiotensin-converting enzyme (ACE) inhibitors
are frequently prescribed for the treatment of high
BP.6 The benefits and risks of these agents have been
xplored in various clinical trials.13�18 Hydrochlo-

rothiazide (HCTZ) is also a potent antihypertensive
agent with a protective CV effect. 19�21 ACE inhib-
itors have been shown to increase hypertension con-

Table I. Baseline characteristics of the study
population.

Characteristic
Group A
(n � 55)

Group B
(n � 54)

Age, y* 56.7 (10.4) 56.6 (9.2)
Sex

Female 47.3% 55.6%
Male 52.7% 44.4%

BMI, kg/m2* 28.6 (3.6) 29.3 (3.5)
Heart rate, beats/min* 72.1 (8.7) 72.5 (9.9)
Dyslipidemia 23.7% 25%
Diabetes mellitus 8.5% 10%
Current smoker 15.3% 3.3%

Group A � test formulation of Ramipril/hydrochlorothi-
azide; Group B � Reference formulation of Ramipril/hy-
drochlorothiazide; BMI � body mass index.
*Mean (SD).
trol, especially in patients at high CV risk.22,23 How-
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ever, as monotherapy, these agents do not achieve BP
targets in many cases, and a combination regimen
becomes necessary.3,11,12 Ramipril and HCTZ are
gents widely used and this combination use is jus-
ified because it associates 2 different pharmacologic
echanisms for an effective BP lowering. ACE inhib-

tor and HCTZ combinations have been used exten-
ively because of their efficacy, good tolerability by
arious population subgroups, and protection
gainst CV events.17�24

The objective of the current study was to demon-
strate the noninferiority of a ramipril/HCTZ fixed-
dose combination in a new formulation (group A)
compared with the reference formulation in Brazil
(group B) in patients with hypertension stage 1 or 2
who were evaluated by using 24-hour ambulatory
BP monitoring (ABPM).

PATIENTS AND METHODS
Inclusion and Exclusion Criteria

Eligible patients were men and women aged �18 years
ith hypertension stage 1 or 2 and SBP within 140 to 179
m Hg or diastolic BP (DBP) within 90 to 109 mm Hg.
xclusion criteria were: hypersensitivity to the medica-
ion under investigation; any clinical significant alteration
n screening laboratory test results; severe ventricular or
upraventricular arrhythmia, second-degree (Mobitz II)
r third-degree atrioventricular block, significant tachy-
ardia, or bradycardia; angina pectoris; decompensated
eart failure or heart failure requiring renin-angiotensin-
ldosterone system antagonists; body mass index �35
g/m2; moderate or advanced hepatic disease; severe or
ecompensated renal failure (creatinine clearance �30

Run-in
Group A

Group B

7 days

Screening Washout Treatment period Follow-up

14 days 28 days 28 days 7 days
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Figure 1. Study design diagram. Group A � test
formulation of ramipril/hydrochlorothi-
azide; Group B � reference formulation
of ramipril/hydrochlorothiazide; V �
visit.
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mL/min/1.73 m2); other severe diseases (gastrointestinal,
immunologic, CV, or oncologic); Current or previous
moderate to advanced lower limb edema � ��/4; myo-
ardial infarction, coronary artery bypass graft surgery or
ngioplasty in the previous 6 months; significant valve
isease; stroke or transient ischemic attack in the previous
2 months; uncontrolled diabetes mellitus (glycosylated
emoglobin level �9%); angioneurotic edema; or psychi-
tric illness or cognitive disorder. Women of childbearing
ge were also excluded.

Table I presents the baseline characteristics of the
tudy population. The groups were well balanced, ex-
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Figure 2. Study flow diagram.
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ept that group A had more current smokers than
roup B (15.3% vs 3.3%).

Methods
This was a multicenter, prospective, randomized,

open-label, parallel-group, noninferiority trial of adult
patients (age �18 years) with hypertension stage 1 or 2.
The study was conducted in 6 sites in Brazil. Recruitment
and randomization took place from March 2011 to Sep-
tember 2011, and the patients were followed up until
November 2011. The clinical trial protocol was ap-
proved by the local ethics committees of each site and
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by the Brazilian Ministry of Health regulatory agency
(ANVISA).

The trial was performed in accordance with the
principles of the Guideline for Good Clinical Practice25

and the Declaration of Helsinki and its amendments.26

Written informed consent was obtained from all pa-
tients before any procedure was conducted.

At the initial screening visit, patients underwent a
medical history review, complete physical examination,
ECG, and laboratory assessments. Eligible patients en-
tered a 14-day washout period. Patients were then ran-
domized to receive the ramipril/HCTZ fixed-dose combi-
nation formulation (5/25 mg/d) for 8 weeks. A stratified
randomization list was used to assign patients to groups
A or B. The study design is illustrated in Figure 1. Patients
classified as responders are those that obtained reduction
of SBP �20 mmHg or DBP �10 mmHg after the active
reatment. Controlled patients are those whose SBP was
140 � 90 mmHg.

Assessments
The laboratory analysis at baseline and week 8 in-

cluded a complete blood cell count, blood chemistry
(glycosylated hemoglobin, fasting glucose, creatinine,
sodium, potassium, alkaline phosphatase, alanine ami-
notransferase, aspartate aminotransferase, �-glutamyl
ransferase, creatine kinase, high sensitivity-C-reactive
rotein, thyroid-stimulating hormone, total choles-
erol, HDL, LDL, triglycerides, and uric acid) and uri-
alysis. An ECG was also performed.

Office BP was evaluated by using an automated sphyg-
omanometer (HEM 742; Omron Corporation, Kyoto,

apan). Three measurements, in the dominant arm, were
aken after a 5-minute rest in a sitting position and with a
-minute interval between measurements.

Portable Dyna-MAPA ABP-Monitor (Cardio Siste-
as Comercial e Industrial Ltda, Sao Paulo, Brazil) vali-
ated both by the American Association for the Advance-
ent of Medical Instrumentation (AAMI).27,28 The

monitors were programmed to record measurements at
20-minute intervals during wakefulness and at 30-minute
intervals during nighttime.29

Efficacy and Safety Analyses
The primary end point was the difference in the

24-hour ABPM mean (SBP and DBP) after 8 weeks
compared with baseline, including the noninferiority
analysis of the test formulation compared with the ref-

erence formulation. Secondary end points included
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evaluation of mean changes in daytime and nighttime
ABPM and in office BP after 8 weeks compared with
baseline. Safety and tolerability assessments included
monitoring of adverse events (AEs), including clinical,
laboratory, and ECG changes. All laboratory and clin-
ical AEs were assessed by the investigators in terms of
their relation to the trial medication (definitely related,
probably related, possibly related, probably not re-
lated, definitely not related, or unknown) and their
intensity (mild, moderate, or severe). Serious AEs were
defined as those that were life-threatening, required
hospitalization, or were associated with significant
permanent disability or congenital malformation.

Statistical Analysis
A sample size of 50 patients per group was consid-

ered necessary to provide an 80% power30 to detect a
4�mm Hg difference between groups, defined as the
noninferiority margin,30,31 with an SD of 8 mm Hg.

he bilateral 95% CI of the mean 24-hour BP differ-
nce on ABPM was used to demonstrate noninferior-
ty. The mean absolute changes in variables were com-
ared by using an ANCOVA model for repeated
easures adjusted by the baseline value of each vari-

Table II. Baseline�to�end point changes (mean
[SD]) in systolic blood pressure (SBP)
and diastolic blood pressure (DBP) eval-
uated by using 24-hour ambulatory
blood pressure monitoring.

Outcome Measure
Group A
(n � 54)

Group B
(n � 48)

SBP, mm Hg
Baseline 149.1 (14.7) 146.2 (14.7)
Week 8 133.0 (13.3) 130.6 (14.9)
Week 8�baseline* �16.1 (8.8) �15.6 (9.0)

DBP, mm Hg
Baseline 93.7 (10.8) 91.5 (10.9)
Week 8 84.9 (10.8) 83.0 (9.0)
Week 8�baseline† �8.8 (8.3) �8.5 (8.3)

Group A � test formulation of Ramipril/hydrochlorothi-
azide; Group B � Reference formulation of Ramipril/hy-
drochlorothiazide; SBP � systolic blood pressure; DBP �
diastolic blood pressure.
*95% CI: �2.96 to 3.96 (P � 0.8537).
†95% CI: �2.94 to 3.54 (P � 0.9973).
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able. The mean relative changes in variables associated
with the times of assessment were compared by using a
repeated measures ANOVA model.

The proportion of responders and controlled patients,
as well as ABPM daytime and nighttime measures, were
evaluated by using the �2 test. The incidence and severity
f AEs were compared between groups by using the �2

test or the Fisher exact test. Differences between final and
baseline values of laboratory tests were compared by us-
ing parametric or nonparametric tests depending on the
distribution observed.

All data were analyzed by using SAS version 6.0
(SAS Institute, Inc, Cary, North Carolina). A level of
significance was set at 0.05 (� � 5%).

RESULTS
Baseline Characteristics

A total of 102 patients from the 147 screened pa-
tients (69.4%) completed the 8-week treatment period
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and finished the study (Figure 2). There were 54 pa-
tients in group A and 48 in group B.

Primary End Point
SBP and DBP decreases in 24-hour ABPM from

baseline to week 8 were significant and similar in
both groups. SBP decreased from 149.1 to 133.0 mm
Hg (�16.1 mm Hg) in group A and from 146.2 to
130.6 mm Hg in group B (�15.6 mm Hg) (P �

.8537) (Table II). DBP was reduced by 8.8 mm Hg
n group A and 8.5 mm Hg in group B (P � 0.9973).

The upper 95% CI limit for the difference be-
ween groups A and B of 3.96 mm Hg in SBP and
.54 mm Hg in DBP was lower than that preestab-
ished by the trial protocol (4 mm Hg). This finding
emonstrates the noninferiority of the test formu-
ation compared with the reference formulation
Figure 3).
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Secondary End Points
There was no significant difference between groups

in SBP and DBP during daytime and nighttime ABPM
findings at the end of week 8 (Table III). The propor-
tion of dipper hypertensive patients in group A and B
was 25.9% and 20.8% for SBP (P � 0.64), respec-
tively, and 42.6% and 37.5% for DBP (P � 0.68).
There was also no significant difference between
groups in SBP and DBP office measurements at the end

Table III. Daytime and nighttime systolic blood
pressure (SBP) and diastolic blood pres-
sure (DBP) values (mean [SD]) evalu-
ated by using 24-hour ambulatory blood
pressure monitoring.

Outcome Measure
Group A
(n � 54)

Group B
(n � 48)

Daytime SBP,
mm Hg

Baseline 152.5 (15.9) 148.9 (14.8)
Week 8 135.4 (14.0) 132.5 (15.4)
Week 8�Baseline* �17.1 (11.8) �16.4 (12.0)

Nighttime SBP,
mm Hg

Baseline 139.7 (15.1) 138.8 (16.1)
Week 8 127.2 (13.3) 125.3 (16.0)
Week 8�Baseline† �12.5 (10.6) �13.5 (11.4)

Daytime DBP,
mm Hg

Baseline 96.5 (11.6) 94.0 (11.2)
Week 8 87.2 (11.1) 85.0 (9.4)
Week 8�baseline‡ �9.3 (9.1) �9.0 (9.1)

Nighttime DBP,
mm Hg

Baseline 85.7 (10.7) 85.0 (11.5)
Week 8 79.1 (11.2) 77.3 (9.8)
Week 8�baseline§ �6.5 (8.5) �7.7 (7.8)

Group A � test formulation of Ramipril/hydrochloro-thi-
azide; Group B � Reference formulation of Ramipril/hy-
drochlorothiazide.
*95% CI; �3.92 to 5.32 (P � 0.9332).
†95% CI; �5.27 to 3.27 (P � 0.4507).
‡95% CI;�3.24 a 3.84 (P � 0.9759).
§95% CI: �4.38 a 1.98 (P � 0.5418).
of week 8. Seven more patients had office BP evaluated

May 2013
compared with those with ABPM measurements for
the intention-to-treat analysis (Table IV).

The proportion of responders and of controlled pa-
tients was similar in groups A and B: 56.4% and
66.7% (P � 0.3637) and 37% and 52.1% (P �
.1842), respectively.

Safety
The incidence of AEs was 23.7% in group A and

21.7% in group B. Three patients in group A and 1
patient in group B reported AEs during the washout
period. Considering AEs as possible, probable, or def-
initely related to medication, their frequency was
15.3% in group A and 11.7% in group B (Table V).
Four patients (2 in each group) withdrew from the trial
due to AEs. No serious AEs occurred during the trial.

DISCUSSION
This 8-week, multicenter, randomized, open-label,
parallel-group noninferiority trial between 2 different
formulations of ramipril/HCTZ demonstrated that the
new formulation (group A) was noninferior to the ref-
erence drug (group B) as evaluated by using 24-hour
ABPM (SBP and DBP), the primary efficacy end point.
The difference in 24-hour ABPM mean values within
groups was less than that proposed as the margin of

Table IV. Office blood pressure measurements
(mean [SD]).

Outcome Measure
Group A
(n � 55)

Group B
(n � 54)

SBP, mm Hg
Baseline 158.5 (10.6) 159.7 (11.3)
Week 8 144.5 (14.0) 140.9 (15.0)
Week 8�baseline* �14.0 (14.5) �18.8 (13.1)

DBP, mm Hg
Baseline 96.6 (7.7) 97.6 (6.9)
Week 8 89.1 (12.7) 87.9 (11.5)
Week 8�baseline† �7.5 (10.3) �9.7 (8.1)

Group A � test formulation of Ramipril/hydrochlorothi-
azide; Group B � Reference formulation of Ramipril/hy-
drochlorothiazide; SBP � systolic blood pressure; DBP �
diastolic blood pressure.
*95% CI, �9.99 to 0.39 (P � 0.0920).
†95% CI, �5.68 to 1.28 (P � 0.2767).
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noninferiority. There were no significant differences
between groups in the secondary end points. Compar-
ison between groups regarding changes in SBP and
DBP during daytime and nighttime revealed similar
results.

ABPM is a more appropriated method than home
blood pressure measurement (HBPM) or office BP to
define BP control and prognosis,32,33 and it was thus
sed to evaluate the efficacy of these combination an-
ihypertensive formulations. Despite the limitation of
ffice BP in terms of reproducibility,34,35 the 2 treat-

ment groups also showed similar results for this vari-
able. This outcome was expected because both combi-
nations contains the same pharmacologic formulation.

AEs related to antihypertensive treatment are a
strong determinant of low patient compliance.36

Groups A and B had similar outcomes in terms of AEs.
It is possible to conclude that both treatment modali-
ties were well tolerated and equally reduced and con-
trolled hypertension.

This study had some limitations, such as the open-
label design and the selection criteria that enrolled
only patients with uncomplicated mild and moderate
hypertension. What difficult extrapolation of results
for the general hypertensive population. Although
patient selection was careful during randomization,
more patients in group A were current smokers than
in group B, what can artificially influence BP behav-
ior during ABPM evaluation process.

CONCLUSIONS
Using ABPM to evaluate the antihypertensive effect of

Table V. Frequency of adverse events during the
trial.

Adverse Event Group A Group B

Cough 10.2% 3.3%
Headache 1.7% 5%
Dizziness 3.4% 1.7%
Influenza 1.7% —
Abdominal distress 1.7% —
Palpitation — 1.7%

Group A � test formulation of Ramipril/hydrochlorothi-
azide; Group B � Reference formulation of Ramipril/hy-
drochlorothiazide.
2 formulations of fixed-dose ramipril/HCTZ, there

708
was equal efficacy in BP control in these patients with
hypertension. AEs were not common and occurred
equally in both treatment groups. This type of compar-
ison is important for clinical practice because it permits
clinicians and patients to be more confident regarding
the efficacy and safety of new fixed-dose combination
formulations to treat hypertension, a significant risk
factor for cardiovascular and renal diseases.
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