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ABSTRACT
Background: Hypertension is a prevalent condition

that is closely associated with chronic complications in
patients with diabetes. Fixed-dose combination ther-
apy is currently recommended for the treatment of hy-
pertension due to the advantage of reducing the pill
burden. However, the effects of combination therapy
may be diverse because of the different components.

Objectives: We examined blood pressure reduction
and metabolic alterations after amlodipine/benazepril
and valsartan/hydrochlorothiazide treatment in pa-
tients with type 2 diabetes mellitus and hypertension
and microalbuminuria.

Methods: This randomized, double-blind, parallel
comparison, noninferiority clinical trial included pa-
tients with type 2 diabetes mellitus and hypertension
and microalbuminuria detected within the past year.
After a 2-week, placebo run-in period, patients were
assigned to treatment with amlodipine/benazepril or
valsartan/hydrochlorothiazide for 16 weeks. The pri-
mary end point was mean change in diastolic blood

pressure. The prespecified boundary for noninferiority

August 2012
was 3.5 mm Hg of the mean change in diastolic blood
pressure between treatments (amlodipine/benazepril
minus valsartan/hydrochlorothiazide). If the upper
limit of the 95% CI fell within 3.5 mm Hg, amlodipine/
benazepril would be considered noninferior to
valsartan/hydrochlorothiazide.

Results: Of the 226 patients assessed for eligibility,
169 satisfied the inclusion/exclusion criteria and were
assigned to a treatment group; 83 patients (54.2%
male, mean age of 60.5 [10.0] years) in the amlodipine/
benazepril group and 84 patients (64.3% male, mean
age of 59.0 [10.6] years) in the valsartan/hydrochlo-
rothiazide group received at least 1 dose of study med-
ication and were included in the intention-to-treat pop-
ulation. In the per-protocol population, amlodipine/
benazepril (n � 74) was noninferior to valsartan/
hydrochlorothiazide (n � 78) with regard to the mean
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Clinical Therapeutics
change in diastolic blood pressure (difference, �0.9
mm Hg; 95% CI, �3.5 to 1.6). The mean change in
systolic blood pressure was not significantly different
(2.4 mm Hg; 95% CI, �1.2 to 6.0) between study
groups (P � 0.195) in the per-protocol population.

owever, data from the intention-to-treat population
uggest that patients in the amlodipine/benazepril
roup may have better metabolic outcomes than those
n the valsartan/hydrochlorothiazide group; specifi-
ally, a preservation of the estimated glomerular filtra-
ion rate (5.7 mL/min/1.73 m2 [95% CI, 1.9 to 9.6];

� 0.004) and improvements in glycosylated hemo-
lobin (�0.5% [95% CI, �0.7 to �0.2]; P � 0.001),
asting triglycerides (�0.4 mmol/L [95% CI, �0.7 to
0.2]; P � 0.002), HDL-C (0.07 mmol/L [95% CI,
.01 to 0.12]; P � 0.022), and uric acid (�57.5 �mol/L

[95% CI, �74.8 to �40.3]; P � 0.001). There were no
significant differences in adverse effects between
groups, with the exception of more respiratory disor-
ders in the amlodipine/benazepril group than in the
valsartan/hydrochlorothiazide group (17 vs 5; P � 0
.006).

Conclusions: The study results suggest that amlo-
dipine/benazepril is noninferior to valsartan/hydro-
chlorothiazide with regard to blood pressure reduction
and that this combination exerts beneficial effects on
renal function, glucose control, HDL-C, and triglycer-
ide levels compared with valsartan/hydrochlorothia-
zide. However, respiratory adverse events (particu-
larly coughing) were more frequently reported in
the amlodipine/benazepril group. ClinicalTrials.gov
identifier: NCT01375322. (Clin Ther. 2012;34:
1735–1750) © 2012 Elsevier HS Journals, Inc. All
rights reserved.

Key words: diabetes, fixed-dose combination, hy-
pertension, noninferiority.

INTRODUCTION
More than one quarter of the population worldwide
has hypertension, which has become a serious social
burden due to its associated diseases.1–3 Lowering
blood pressure is effective and important in preventing
morbidity and mortality. However, awareness and
treatment of hypertension are reportedly insuffi-
cient.4,5 Of particular importance is the greater preva-
ence of hypertension among individuals with type 2
iabetes mellitus (DM). Furthermore, high blood pres-

ure has been reported to exacerbate diabetic compli-
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ations.6–8 To achieve the target level of blood pres-
ure reduction, multiple antihypertensive drugs are
ften prescribed, which can compromise patient
ompliance.9,10

In addition to reducing blood pressure, it is also
necessary to target the renin-angiotensin system in the
treatment of hypertension in patients with DM.11 Both
angiotensin-converting enzyme (ACE) inhibitors and
angiotensin II receptor blockers (ARBs) provide supe-
rior benefits with respect to cardiovascular and renal
protection, and these agents have become first-line
treatment in diabetic subjects with hypertension.11–13

However, there are numerous other antihypertensive
medications that can be prescribed as add-on treat-
ment.11,13,14 Valsartan, 1 of the frequently used ARBs,
s effective in controlling blood pressure and prevent-
ng chronic complications in type 2 DM patients with
ypertension.15,16 Furthermore, the diuretic hydro-
hlorothiazide provides additional blood pressure con-
rol when combined with valsartan.16–18 The fixed-

dose combination of valsartan/hydrochlorothiazide
reportedly achieves better blood pressure control than
treatment with each drug alone.19

In the Avoiding Cardiovascular Events through
Combination Therapy in Patients Living with Systolic
Hypertension (ACCOMPLISH) trial, subjects at high
risk of cardiovascular diseases treated with amlodip-
ine/benazepril had a better prognosis than those who
received benazepril/hydrochlorothiazide.20 In addi-
tion, treatment with amlodipine/benazepril prevented
the progression of renal disease better than benazepril/
hydrochlorothiazide.21 Similar findings were observed
in the subgroup analysis of individuals with DM.22

However, greater excretion of urinary albumin was
reported in patients taking amlodipine/benazepril; this
finding was similar to the results of the Gauging Albu-
minuria Reduction With Lotrel in Diabetic Patients
With Hypertension trial.23

There seemed to be no differences between the pro-
tective effects of ACE inhibitors and ARBs against car-
diovascular and renal diseases in the Ongoing Telmis-
artan Alone and in Combination With Ramipril Global
Endpoint Trial.24,25 Similar renal outcomes were also
oted in type 2 DM patients receiving either ACE inhib-
tors or ARBs.26,27 Therefore, we hypothesized that a
fixed-dose combination of an ACE inhibitor/calcium
channel blocker (CCB) would provide similar efficacy in
blood pressure reduction and greater metabolic benefits

than an ARB/diuretic combination in patients with type 2
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DM. A comparison study was conducted to examine the
blood pressure–lowering and associated metabolic effects
of amlodipine/benazepril compared with valsartan/hy-
drochlorothiazide in a group of type 2 DM patients with
hypertension and microalbuminuria.

METHODS
Study Patients

This study (Amtrel and Co-Diovan in Type 2 Dia-
betes Mellitus Hypertension Patients With Microalbu-
minuria) was a prospective, randomized, double-blind,
parallel comparison, noninferiority clinical trial. The
study was designed to compare the blood pressure–
lowering effects of ACE inhibitor/CCBs and ARB/di-
uretics in type 2 DM patients with hypertension and
microalbuminuria. The trial was conducted at outpa-
tient clinics of the divisions of endocrinology and me-
tabolism of 4 hospitals throughout Taiwan. All of the
participants were screened between June 2007 and
June 2010. The study was approved by the Joint Insti-
tutional Review Board of Taiwan, and all of the sub-
jects provided their written informed consent before
initiation of any study-related procedures, including
screening.

The inclusion criteria were as follows: (1) type 2
DM patients, aged 20 to 80 years, with glycosylated
hemoglobin (HbA1c) levels between 6.5% and 10.0%;
2) hypertension with a resting systolic blood pressure
130 mm Hg but �180 mm Hg and/or diastolic blood
ressure �80 mm Hg but �110 mm Hg, at the time of
andomization; (3) evidence of microalbuminuria, as
etermined from morning urine specimens, with uri-
ary albumin excretion (UAE) between 30 and 300
g/d, 20 and 200 �g/min, or 30 and 300 mg/g creati-

nine within 1 year before the screening visit; and (4)
willingness to provide signed informed consent to par-
ticipate in the trial.

The exclusion criteria were as follows: (1) abnormal
liver function, including aspartate aminotransferase
(AST) or alanine aminotransferase (ALT) levels �3-
fold the upper limit of the normal range; (2) renal dys-
function, including serum creatinine levels �2-fold the
upper limit of the normal range, bilateral renal artery
stenosis, or postrenal transplant; (3) hyperkalemia, de-
fined as serum potassium levels �5.5 mmol/L; (4) car-
diovascular disease, including unstable angina, myo-
cardial infarction, cardiac surgery, stroke within the
past 6 months, or post-transluminal coronary angio-

plasty within the past 3 months; (5) chronic heart fail-
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ure (New York Heart Association functional class III
or IV); (6) severe systemic disease, such as immune
disorders, cancer, and acute or chronic inflammation
diseases; (7) concomitant endocrine diseases resulting
in hypertension or hypotension; (8) female subjects who
were pregnant or breastfeeding; (9) hypersensitivity to
any component of the study drugs; and (10) any other
serious diseases or active substance abuse considered by
the investigators as not meeting the conditions of the trial.

Procedure
All eligible participants were randomly assigned in a

1:1 ratio to receive amlodipine 5 mg/benazepril hydro-
chloride 10 mg* or valsartan 80 mg/hydrochlorothia-
zide 12.5 mg† after discontinuing antihypertensive
rugs for 2 weeks and undergoing a placebo run-in
eriod; 5 mg of nifedipine‡ could be administered in

case of hypertensive emergencies (defined as blood
pressure �180/110 mm Hg). The statistician prepared
the randomization schedule with a block size of 4,
stratified according to centers. The randomization
schedule was generated by using SAS version 9.1 (SAS
Institute, Inc, Cary, North Carolina). This schedule
linked sequential numbers to treatment codes allocated
at random. Patients began treatment with a once-daily
study capsule of either one-half tablet of amlodipine 5
mg/benazepril hydrochloride 10 mg or one-half tablet
of valsartan 80 mg/hydrochlorothiazide 12.5 mg dur-
ing the first 4 weeks. The dose was then increased such
that patients received a capsule containing either an entire
amlodipine 5-mg/benazepril hydrochloride 10-mg tablet
or a valsartan 80-mg/hydrochlorothiazide 12.5-mg tab-
let. The maximal study dose was 2 capsules per day to
reach the target systolic blood pressure of �130 mm Hg
and diastolic blood pressure of �80 mm Hg. The study
drugs were encapsulated so that they had an identical
appearance. The sealed capsules could not be opened
without damage to the capsule, and it was difficult to
distinguish the shape of the drug by transillumination.
After the patients had withdrawn from or finished the
study, no study drugs were further supplied.

Physical examinations, including blood pressure,
were conducted before the study drugs were dispensed

*Trademark: Amtrel® (Taiwan Tungyang Biopharm Co, Ltd
Chung Li factory, Taoyuan County, Taiwan).

†Trademark: Co-Diovan® (Novartis Farma S.p.A, Torre Annun-
ziata, Italy).

‡Trademark: Adalat® (Bayer Schering Pharma AG, Leverkusen

Germany).
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at each visit. Blood pressure was measured after pa-
tients had been sitting at rest for 10 minutes. Overnight
fasting blood samples were collected for measurements
of glucose, HbA1c, triglyceride, total cholesterol,
HDL-C, LDL-C, AST, ALT, uric acid, sodium, potas-
sium, and creatinine at baseline and at the end of the
study. Based on the Modification of Diet in Renal Dis-
ease equation, the estimated glomerular filtration rate
(eGFR) was calculated using the following formula:
eGFR (mL/min/1.73 m2) � 186 � [serum creatinine
(mg/dL)]�1.154 � [age (year)]�0.203 (� 0.742, if fe-
male). The stages of chronic kidney disease (CKD)
were defined as follows: stage 1, eGFR �90 mL/min/
1.73 m2; stage 2, eGFR between 60 and 89 mL/min/
.73 m2; and stage 3 to 5, eGFR �60 mL/min/1.73

m2.28 Urinary spot samples were also collected after
est in the morning at baseline and at the end of the
tudy for analysis of urinary albumin and creatinine.
AE was determined by using the following formula:
AE � albumin (mg)/creatinine (g). The categories

of UAE were defined as follows: normal, UAE �30
mg/g; microalbuminuria, UAE between 30 and 299
mg/g; and macroalbuminuria, UAE �300 mg/g.11

Blood pressure was measured by using a mercury
sphygmomanometer after the patients had been sitting
at rest for 10 minutes. The average of 2 separate mea-
surements, taken at 1-minute intervals, was performed
and recorded by the licensed nurse in the study. Blood
samples were drawn by the nurse when the patients
were in a supine position. Samples were separated by
using disposable pipettes and transferred in vials la-
beled with the study numbers. All of the samples were
stored at �80°C on-site before shipment. The samples

ere shipped in specimen collection bags inside Styro-
oam containers surrounded by dry ice to the central
aboratory (Union Clinical Laboratory, Taipei, Tai-
an) for analyses. Glucose was determined by using

he hexokinase method (ADVIA 1800, Siemens Medi-
al Solutions Diagnostics, Tarrytown, New York), and
he intra-assay and inter-assay %CVs were 1.2% and
.2%. HbA1c was determined by using cation-ex-

change HPLC (NGSP certified; G8, TOSOH Corpora-
tion, Tokyo, Japan). Triglyceride, HDL-C, LDL-C,
and total cholesterol concentrations were determined
by using enzymatic methods (ADVIA 1800, Siemens
Medical Solutions Diagnostics). The intra-assay %CVs
for these lipid profiles were 0.5%, 0.7%, 0.8%, and
0.6%, respectively; the inter-assay %CVs were 0.9%,

2.1%, 2.8%, and 1.3%. Sodium and potassium con-
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centrations were determined by using ion-selective
electrode assay (ADVIA 1800, Siemens Medical Solu-
tions Diagnostics). The intra-assay and inter-assay
%CVs were 0.3% and 0.6%, respectively, for sodium,
and 0.5% and 0.9% for potassium. Creatinine was
determined by using the Jaffé method (ADVIA 1800,
Siemens Medical Solutions Diagnostics). The intra-as-
say and inter-assay %CVs were 2.1% and 5.7% re-
spectively, at a mean serum concentration of 133
�mol/L, and 2.1% and 5.7% at a mean urine concen-
tration of 7.2 mmol/L. Urinary albumin was deter-
mined by using the polyethylene gel–enhanced immu-
noturbidimetric method (ADVIA 1800, Siemens
Medical Solutions Diagnostics), and the intra-assay
and inter-assay CVs were 4.3% and 7.6%, respec-
tively. Uric acid was determined by using the uricase/
peroxidase method (ADVIA 1800, Siemens Medical So-
lutions Diagnostics), and the intra-assay and inter-assay
%CVs were 1.1% and 1.9%, respectively. AST and ALT
were determined by using modified International Feder-
ation of Clinical Chemistry methods (ADVIA 1800, Sie-
mens Medical Solutions Diagnostics).The intra-assay and
inter-assay CVs were 2.2% and 3.3%, respectively, for
AST, and 1.7% and 3.1% for ALT. Adverse events were
recorded at each site visit through a review of the medical
history, symptoms, vital signs, physical examinations,
and clinical laboratory test results.

The primary objective of this study was to compare
the changes in diastolic blood pressure from baseline
to the end of 16 weeks’ treatment in patients who received
either amlodipine/benazepril or valsartan/hydrochlo-
rothiazide. The secondary outcomes were changes at
the end of the study in systolic blood pressure; the
response rate (defined as systolic blood pressure �130
mm Hg and diastolic blood pressure �80 mm Hg);
changes in UAE, eGFR, serum creatinine, HbA1c, fast-
ng glucose, triglyceride, HDL-C, total cholesterol,
DL-C, uric acid; and the safety profiles of amlodipine/
enazepril versus valsartan/hydrochlorothiazide.

Statistical Analysis
Before the study began, the sensitivity, power, and

target margin had been set in this preplanned noninfe-
riority study.29 A sample size of 74 patients per treat-
ment group was required to detect differences with a
2-sided significance level of 5% and a statistical power
of 80%. The prespecified boundary for noninferiority
was 3.5 mm Hg of the mean change in diastolic blood

pressure between treatments (amlodipine/benazepril
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minus valsartan/hydrochlorothiazide). If the upper
limit of the 95% CI fell within 3.5 mm Hg, amlodipine/
benazepril would be considered noninferior to valsar-
tan/hydrochlorothiazide.30 It was anticipated that up
to 10% of the randomized patients would be ineligible
for the clinical per-protocol (PP) population, which
was defined as all patients taking study medication for
at least 6 weeks with a compliance rate of �80%. The
number of study drugs dispensed, taken, and returned
for each patient was documented. Compliance was as-
sessed by calculating the number of capsules consumed
as a percentage of the number of dispensed capsules.
Therefore, �166 patients were recruited to provide a
PP efficacy of 148 evaluable patients.

All descriptive data are presented as mean (SD). The
changes in blood pressure were analyzed based on the PP
population to better report additional efficacy.30 Other
secondary outcomes were analyzed based on the inten-
tion-to-treat (ITT) population, which consisted of all ran-
domized patients taking at least 1 dose of study drugs and
having at least 1 assessment of blood pressure after ran-
domization. Missing data were input by using the last-
observation-carried-forward procedure. Using ITT anal-
yses could narrow the difference between treatments and
yield the conservative estimate of treatment effect.

All randomized patients were included in the anal-
ysis of adverse events. The differences in the changes in
continuous variables between the 2 treatment groups
were analyzed by using ANCOVA with baseline values
input as covariates and the study region as the fixed ef-
fect.31 The paired t test was used to compare differences
efore and after treatment in the same group.32 The
lood pressure response rate, CKD stages, and UAE cat-
gories were evaluated by using a 2-sided Cochran-Man-
el-Haenszel test (adjusted for study region).33 The Fisher
xact test was used to assess differences in adverse events
etween the 2 groups.34 SAS version 9.1 (SAS Institute,

Inc) was used to perform statistical analysis.

RESULTS
Of the 226 patients assessed for eligibility, 169 satisfied
the inclusion/exclusion criteria and were assigned to a
treatment group. Eighty-three patients in the amlodip-
ine/benazepril group and 84 patients in the valsartan/
hydrochlorothiazide group received at least 1 dose of
study medication and were included in the ITT popu-
lation (Table I). Seventy-four patients in the amlodip-
ine/benazepril group and 78 patients in the valsartan/

hydrochlorothiazide group received study medication
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for at least 6 weeks, with a compliance rate of �80%
(Figure 1); the baseline characteristics of this PP popu-
lation are presented in Table II. The average final dose
was amlodipine 7.4 mg/benazepril hydrochloride 14.9
mg, and the mean duration of treatment exposure was
15.9 (1.7) weeks for the amlodipine/benazepril group;
for the valsartan/hydrochlorothiazide group, the aver-
age final dose was valsartan 112.8 mg/hydrochlorothi-
azide 17.6 mg, and the mean duration of treatment
exposure was 15.9 (0.8) weeks (P � 0.139).

Blood Pressure
At the end of the study, there were significant reduc-

tions in diastolic blood pressure from baseline in both
the amlodipine/benazepril group (from 86.7 [7.8] to
78.1 [8.1] mm Hg; P � 0.001) and the valsartan/hy-
drochlorothiazide group (from 87.1 [8.2] to 79.2
[10.3] mm Hg; P � 0.001). The mean difference in
change in diastolic blood pressure between the study
groups was �0.9 mm Hg (95% CI, �3.5 to 1.6). The
upper limit of the 95% CI was lower than the bound-
ary of 3.5 mm Hg, suggesting the preplanned noninfe-
riority of amlodipine/benazepril compared with valsar-
tan/hydrochlorothiazide based on the PP population
(Figure 2A). There were significant reductions in sys-
tolic blood pressure from baseline in both the amlodip-
ine/benazepril group (from 141.2 [13.5] to 126.4
[14.4] mm Hg; P � 0.001) and the valsartan/hydro-
chlorothiazide group (from 140.1 [12.4] to 122.8
[13.4] mm Hg; P � 0.001). The mean change in sys-
tolic blood pressure between study groups was 2.4 mm
Hg (95% CI, �1.2 to 6.0; P � 0.195) based on the PP
population (Figure 2B). The response rate was 39.2%
in the amlodipine/benazepril group and 48.7% in the
valsartan/hydrochlorothiazide group (P � 0.240).

In addition to the PP population, it was recently
reported that ITT analysis is also important in nonin-
feriority studies.35 Based on the ITT population, the

ean difference in change in diastolic blood pressure
as �0.4 mm Hg (95% CI, �2.8 to 2.0) and in systolic
lood pressure, it was 2.9 mm Hg (95% CI, �0.6 to
.3). These differences were still not statistically signif-
cant between the 2 study groups.

Renal Effects
There was no significant change in eGFR in the am-

lodipine/benazepril group (from 80.2 [24.1] to 80.4
[24.0] mL/min/1.73 m2; P � 0.917). However, eGFR

was significantly reduced in the valsartan/hydrochlo-
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rothiazide group (from 87.8 [26.6] to 81.1 [26.1] mL/
min/1.73 m2; P � 0.001) at the end of the study. After
adjusting for baseline and regional differences, the
mean difference in eGFR between the 2 study groups
was 5.7 mL/min/1.73 m2 (95% CI, 1.9 to 9.6) (P �
0.004) (Table III). Based on the stages of CKD as
defined by the National Kidney Foundation,28 there
was a lower proportion of patients with worsened
renal function in the amlodipine/benazepril group
than in the valsartan/hydrochlorothiazide group
(P � 0.005) (Table IV). However, there were no

Table I. Baseline characteristics of the intention-to-
otherwise noted.

Characteristic
Amlodipine/B

(n � 8

Age, y* 60.5 (1
Male sex 45 (5
Systolic blood pressure, mm Hg* 141.8 (1
Diastolic blood pressure, mm Hg* 86.3 (8
Categories of UAE

Normal 16 (1
Microalbuminuria 54 (6
Albuminuria 13 (1

Stages of CKD
1 29 (3
2 17 (2
3–5 37 (4

Region of Taiwan
Northern 43 (5
Central and southern 40 (4

Antiglycemic treatment
None 3 (3
Oral medications

1 agent 10 (1
2 agents 36 (4
�3 agents 16 (1

Insulin treatment 3 (3
Insulin and oral medications 15 (1

Statin treatment 24 (2
Fenofibrate treatment 3 (3

UAE � urinary albumin excretion; CKD � chronic kidney di
*Mean (SD).
significant differences in the values (P � 0.061) or t

1740
ategories (P � 0.299) of UAE between study
roups. According to linear regression analyses,
reatment with amlodipine/benazepril, independent
f its effects on blood pressure, was associated with
enal benefits on the basis of eGFR (Table V). The
erum concentrations of sodium and potassium were
ot significantly different at the end of the study
etween groups.

Glucose Effects
HbA1c did not differ significantly from baseline in

population. Values are given as number (%) unless

epril Valsartan/Hydrochlorothiazide
(n � 84) P

59.0 (10.6) 0.366
54 (64.3) 0.165

139.8 (12.6) 0.305
87.4 (8.3) 0.378

0.907
17 (20.2)
52 (61.9)
15 (17.9)

0.728
31 (36.9)
18 (21.4)
35 (41.7)

0.936
43 (51.2)
41 (48.8)

0.224
0 (0)

18 (21.4)
38 (45.2)
16 (19.0)

1 (1.2)
11 (13.1)

24 (28.6) 0.999
8 (9.5) 0.220
treat

enaz
3)

0.0)
4.2)
3.2)
.1)

9.3)
5.1)
5.7)

4.9)
0.5)
4.6)

1.8)
8.2)

.6)

2.0)
3.4)
9.3)
.6)
8.1)

8.9)
.6)

sease.
he amlodipine/benazepril group (from 8.1% [1.0%]

Volume 34 Number 8
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to 7.9% [1.2%]; P � 0.063) but was significantly in-
reased in the valsartan/hydrochlorothiazide group
from 7.9% [0.9%] to 8.2% [1.3%]; P � 0.002) at the
nd of the study. The mean difference in the change in
bA1c was �0.5% (95% CI, �0.7 to �0.2) between

Assessed
(n 

Run-in perio
treatmen

(n 

Pre-protocol population
(n = 74) 
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(n = 84: safety set)  
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Figure 1. Flow diagram of enrollment of study patien
the 2 study groups (P � 0.001). c
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Lipid Effects
Serum concentrations of fasting triglycerides did not

differ significantly in the amlodipine/benazepril group
(from 1.6 [0.7] to 1.5 [0.7] mmol/L; P � 0.281) but

ere significantly increased in the valsartan/hydro-
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Adverse event: 3 

Hypotension: 1 

Dizziness: 1 

Thrombocytopenia: 1 

Withdrawal of consent: 1 

Poor drug compliance: 1 

Investigator judgment: 1 

ed
  

Intention-to-treat population
(n = 84)  

Lost to follow-up: 1 
 for eli
= 226)

d with
t for 2

= 169)

domiz
= 169)

ts.
hlorothiazide group (from 1.8 [1.1] to 2.1 [1.4]
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mmol/L; P � 0.014) during the study period. The mean
ifference in the change in triglyceride levels between
he 2 groups was �0.4 mmol/L (95% CI, �0.7 to
0.2) (P � 0.002). Serum HDL-C levels were signifi-

antly increased in the amlodipine/benazepril group
from 1.07 [0.27] to 1.13 [0.30] mmol/L; P � 0.003);
hanges in the valsartan/hydrochlorothiazide group
ere not significantly different (from 1.09 [0.29] to
.09 [0.31] mmol/L; P � 0.704). The mean difference

n the change in serum HDL-C concentrations between
he 2 groups was 0.07 mmol/L (95% CI, 0.01 to 0.12)
P � 0.022). However, neither total cholesterol nor
DL-C changed significantly in either group from
aseline to the end of the study.

Uric Acid
Serum concentrations of uric acid decreased signif-

icantly in the amlodipine/benazepril group (from
368.8 [81.7] to 352.5 [86.2] �mol/L; P � 0.013) but
ncreased significantly in the valsartan/hydrochlo-
othiazide group (from 370.0 [81.2] to 410.9 [75.7]

�mol/L; P � 0.001). The mean difference in the
hange in uric acid concentrations between the 2
roups was �57.5 �mol/L (95% CI, �74.8 to
40.3) (P � 0.001).

Adverse Effects
No deaths occurred in the current study. Twenty-

three patients were given the rescue medication for
high blood pressure in the run-in period. No patient

Table II. Baseline characteristics of the per-protocol
wise noted.

Characteristic
Amlodipine/B

(n � 7

Age, y* 60.5 (1
Male sex 41 (5
Systolic blood pressure, mm Hg* 141.2 (1
Diastolic blood pressure, mm Hg* 86.7 (7
Final dose of study drugs†

1 capsule/d 38 (5
2 capsules/d 36 (4

*Mean (SD).
†Each capsule contained either amlodipine 5 mg/benazepr
12.5 mg.
withdrew from the study, and no serious adverse

1742
event was reported during the placebo run-in period.
Two serious adverse events occurred after amlodip-
ine/benazepril treatment: 1 was a duodenal ulcer
with bleeding and the other was an accidental fall.
There was only 1 serious adverse event (ie, radius
fracture) after valsartan/hydrochlorothiazide treat-
ment. However, 7 patients withdrew from the amlo-
dipine/benazepril group due to adverse events: 3 for
cough, 1 for hyperkalemia, 1 for peptic ulcer, 1 for
pharyngeal pain, and 1 for flushing. Three patients
withdrew from the valsartan/hydrochlorothiazide
group due to adverse events: 1 for hypotension, 1 for
dizziness, and 1 for thrombocytopenia. Forty-eight
patients in the amlodipine/benazepril group and 52
in the valsartan/hydrochlorothiazide group reported
adverse events after randomization. Neither the
number nor the severity of adverse events was signif-
icantly different between the 2 study groups. How-
ever, 17 patients (20.2%) had episodes of respira-
tory disorder in the amlodipine/benazepril group;
this proportion was significantly higher than the 5
patients (5.9%) in the valsartan/hydrochlorothia-
zide group (P � 0.006) (Table VI). The most fre-

uently reported respiratory disorder symptom was
ough in both the amlodipine/benazepril group (n �
4) and the valsartan/hydrochlorothiazide group
n � 4) (P � 0.013).

DISCUSSION
Because multiple classes of antihypertensive drugs are

lation. Values are given as number (%) unless other-

epril Valsartan/Hydrochlorothiazide
(n � 78) P

59.1 (10.9) 0.396
50 (64.1) 0.274

140.1 (12.4) 0.352
87.1 (8.2) 0.761

0.345
46 (59.0)
32 (41.0)

rochloride 10 mg or valsartan 80 mg/hydrochlorothiazide
popu

enaz
4)

0)
5.4)
3.5)
.8)

1.4)
8.6)

il hyd
indicated for blood pressure control, fixed-dose com-
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binations are recommended to reduce the patient’s pill
burden and improve drug compliance.36–38 Based on
the PP and ITT populations in the current study, the
amlodipine/benazepril combination was not inferior,
in terms of lowering blood pressure, to the valsartan/
hydrochlorothiazide combination, an approved first-
line therapy for hypertension.11,39,40 Although low-
dose hydrochlorothiazide is a cost-effective option for
combination therapy, diuretics reportedly have ad-
verse effects on glucose and lipid metabolism, which

Amlodipine-benazepril  

M
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n 
C

ha
ng

e 
w

it
h 

95
%

 C
I

Valsartan-hydrochlorothiazide  0.0 –5.2

0.0

–18
–16

–14
–12

–10

–8
–6
–4

–2

0
2

4
6

8A

B

WeeBaseline

–4.4

Amlodipine-benazepril  

Valsartan-hydrochlorothiazide  0.0 –10.2

0.0 –8.4

M
ea

n 
C

ha
ng

e 
w

it
h 

95
%

 C
I

–18
–16
–14
–12
–10

–8
–6
–4
–2
0
2
4
6
8

–22
–20

WeeBaseline

Figure 2. Changes in (A) diastolic blood pressure a
(per-protocol population). Data are given a
may compromise the benefits of ACE inhibitors or c

August 2012
ARBs.41,42 Conversely, the combination of a CCB with
n ACE inhibitor or an ARB might provide synergistic
enefits not only for blood pressure but also insulin
ensitivity.43 Furthermore, there is a greater risk of hy-

peruricemia with a hydrochlorothiazide than with a
CCB.44,45 In the current study, significantly lower

bA1c and fasting serum triglyceride levels and higher
DL-C levels were observed after amlodipine/benaz-

pril treatment compared with valsartan/hydrochlo-
othiazide treatment. These benefits were still signifi-

Amlodipine-benazepril  
Valsartan-hydrochlorothiazide  

–7.7* –8.2* –7.9*

Week 8 Week 12 Week 16

–7.9* –8.7* –8.7*

Amlodipine-benazepril  
Valsartan-hydrochlorothiazide 

–14.2* –15.3* –17.3*

–13.1* –16.0* –15.6*

Week 8 Week 12 Week 16

B) systolic blood pressure during the study period
an (95% CI). *P � 0.001 compared with baseline.
*

k 4

*

*

*

k 4

nd (
s me
ant after adjusting for use of statins. As expected,
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Table III. Study end points of patients in the intention-to-treat population. Values are given as mean (SD).

Characteristic

Amlodipine/
Benazepril
(n � 83)

Valsartan/
Hydrochlorothiazide

(n � 84)
Mean Difference (95%

CI) P*

BMI, kg/m2

Baseline 26.5 (3.7) 26.6 (4.1) 0.762
End of trial 26.4 (3.6) 26.6 (4.2)
Change from baseline �0.1 (0.6) �0.0 (0.9) �0.1 (�0.3 to 0.2) 0.508

Serum creatinine, �mol/L
Baseline 86.0 (24.5) 82.8 (27.6) 0.434
End of trial 85.5 (23.9) 90.2 (33.5)†

Change from baseline �0.5 (9.5) 7.3(15.8) �7.8 (�11.8 to �3.8) �0.001

Sodium, mmol/L
Baseline 140.7 (2.1) 140.1 (2.2) 0.071
End of trial 140.7 (2.6) 140.0 (2.2)
Change from baseline 0.0 (2.8) �0.1 (2.6) 0.52 (�0.2 to 1.2) 0.142

Potassium, mmol/L
Baseline 4.4 (0.4) 4.3 (0.4) 0.147
End of trial 4.4 (0.4) 4.2 (0.4)‡

Change from baseline �0 (0.3) �0.1 (0.4) �0.1 (�0.2 to 0.2) 0.103

eGFR, mL/min/1.73 m2

Baseline 80.2 (24.1) 87.8 (26.6) 0.054
End of trial 80.4 (24.0) 81.1 (26.1)†

Change from baseline 0.1 (11.1) �6.7 (14.5) 5.7 (1.9 to 9.6) 0.004

UAE, mg/g
Baseline 179.4 (246.5) 317.1 (715.7) 0.098
End of trial 196.7 (293.5) 223.0 (563.6)‡

Change from baseline 17.3 (224.5) �94.1 (336.9) �71.1 (�3.4 to 145.6) 0.061

HbA1c, %
Baseline 8.1 (1.0) 7.9 (0.9) 0.196
End of trial 7.9 (1.2) 8.2 (1.3)§

Change from baseline �0.2 (0.8) 0.3 (0.9) �0.5 (�0.7 to �0.2) �0.001

Fasting plasma glucose, mmol/L
Baseline 8.1 (2.1) 8.5 (2.2) 0.255
End of trial 8.3 (2.2) 8.8 (2.4)
Change from baseline 0.1 (2.1) 0.2 (2.5) �0.3 (�1.0 to 0.3) 0.302

Triglyceride, mmol/L
Baseline 1.6 (0.7) 1.8 (1.1) 0.077
End of trial 1.5 (0.7) 2.1 (1.4)‡

Change from baseline �0.1 (0.6) 0.3 (1.1) �0.4 (�0.7 to �0.2) 0.002

(continued)
1744 Volume 34 Number 8
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serum concentrations of uric acid were also signifi-
cantly lower in the amlodipine/benazepril group than
in the valsartan/hydrochlorothiazide group.

The local activation of the renin-angiotensin system
involves organ-specific complications in the diabetic
state, and blockade of angiotensin II activity may have
protective effects on renal function in patients with

Table III (continued).

Characteristic

Amlodipine/
Benazepril
(n � 83)

H

HDL-C, mmol/L
Baseline 1.07 (0.27)
End of trial 1.13 (0.30)§

Change from base line 0.06 (0.18)

Total cholesterol, mmol/L
Baseline 4.8 (0.8)
End of trial 4.9 (0.9)
Change from baseline 0.1 (0.7)

LDL-C, mmol/L
Baseline 2.9 (0.7)
End of trial 3.0 (0.7)
Change from baseline 0.1 (0.6)

Uric acid, �mol/L
Baseline 368.8 (81.7)
End of trial 352.5 (86.2)‡

Change from baseline �16.3 (58.3)

AST, U/L
Baseline 29.0 (12.7)
End of trial 27.6 (11.9)
Change from baseline �1.4 (7.0)

ALT, U/L
Baseline 32.1 (19.9)
End of trial 31.7 (21.1)
Change from baseline �0.5 (9.5)

BMI � body mass index; eGFR � estimated glomerular filtra
hemoglobin; AST � aspartate aminotransferase; ALT � ala
*P values for differences between the 2 groups at baseline a

groups at the end of the study after adjusting for baseline
†P � 0.001 versus before treatment within each treatment g
‡P � 0.05 versus before treatment within each treatment gr
§P � 0.01 versus before treatment within each treatment gr
type 2 DM.11 In the current study, amlodipine/benaz- s

August 2012
pril prevented the decline of eGFR, whereas a signifi-
ant reduction of eGFR and aggravation of CKD was
oted in patients treated with the valsartan/hydrochlo-
othiazide combination. It is important to note that
ystolic blood pressure was higher in the amlodipine/
enazepril group, although the difference did not reach
tatistical significance because this study had a relative

alsartan/
chlorothiazide
(n � 84)

Mean Difference (95%
CI) P*

.09 (0.29) 0.578

.09 (0.31)

.01 (0.19) 0.07 (0.01 to 0.12) 0.022

4.8 (0.9) 0.766
4.8 (0.8)
0.0 (0.7) 0.1 (�0.2 to 0.3) 0.615

2.8 (0.8) 0.178
2.8 (0.8)
0.0 (0.5) 0.1(�0.1 to 0.3) 0.175

0.0 (81.2) 0.917
0.9 (75.7)†

0.9 (62.7) �57.5 (�74.8 to �40.3) �0.001

9.5 (12.8) 0.808
9.0 (12.6)
0.4 (7.6) �1.1 (�3.2 to 1.0) 0.309

3.2 (18.0) 0.699
3.3 (18.6)
0.1 (10.0) �0.6 (�3.6 to 2.3) 0.680

te; UAE � urinary albumin excretion; HbA1c � glycosylated
minotransferase.
justing for region or P values for differences between the 2

gion.
V
ydro

1
1

�0

�

37
41

4

2
2

�

3
3

tion ra
nine a
fter ad
and re
roup.
oup.
oup.
mall sample size. However, the beneficial effect on
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eGFR was still observed after adjusting for blood pres-
sure. According to the ACCOMPLISH trial, patients
with DM treated with a benazepril/hydrochlorothia-
zide combination had significantly lower eGFR and
poorer renal outcomes than those treated with an am-
lodipine/benazepril combination; reductions in urinary
protein levels were also noted.22

In general, there were no significant differences in
the safety profiles of the 2 combinations studied. How-

Table IV. Renal effects of study drugs in the intention

Variable
Amlodipine/Benazepril

(n � 83)

Stages of CKD
Improvement 10 (12.0)
No change 66 (79.5)
Progression 7 (8.4)

Categories of UAE
Improvement 54 (65.1)
No change 15 (18.1)
Progression 14 (16.9)

CKD � chronic kidney disease; UAE � urinary albumin excr
*P values adjusted for region.

Table V. Multivariate linear regression analyses for ch
intention-to-treat population.

Variable B

Baseline
eGFR (mL/min/1.73 m2) �0.14
Region (northern Taiwan) 0.27
Age (year) �0.03
Male �1.65
Amlodipine/benazepril treatment 5.22

Changes after study
BMI (kg/m2) �0.45
Mean blood pressure (mm Hg) 0.11
UAE (mg/g) �0.00
HbA1c (%) �1.60

� � standardized coefficient; B � linear regression coeffici
HbA1c � glycosylated hemoglobin.
1746
ever, cough was the most frequent symptom, and as a
result, 3 patients in the amlodipine/benazepril group
had to withdraw from the study. The combination of
an ARB with amlodipine has been extensively studied
and has been suggested to be devoid of the adverse
effects of an ACE inhibitor with diuretic.46 However,
ACE inhibitors remain a popular choice for patients
with DM and hypertension due to their lower cost
compared with that of ARBs.47 Despite the adverse

reat population. Values are given as number (%).

Valsartan/Hydrochlorothiazide
(n � 84) P*

0.005
3 (3.6)

64 (76.2)
17 (20.2)

0.299
56 (66.7)
22 (26.2)

6 (7.1)

in estimated glomerular filtration rate (eGFR) for the

� 95% CI P

�0.27 �0.23 to�0.05 0.002
0.01 �3.80 to 4.33 0.897

�0.02 �0.25 to 0.19 0.785
�0.06 �5.76 to 2.47 0.430

0.20 1.33 to 9.10 0.009

�0.13 �0.96 to 0.05 0.079
0.08 �0.10 to 0.32 0.287

�0.10 �0.01 to 0.00 0.179
�0.14 �3.20 to 0.01 0.052

MI � body mass index; UAE � urinary albumin excretion;
-to-t

etion.
anges

ent; B
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effect of coughing, fixed-dose combinations of ACE
inhibitors with CCBs should be considered as an im-
portant treatment strategy for patients with DM in
clinical practice due to the similar efficacies of ACE
inhibitors and ARBs.24,26,48 However, patients should
e made aware of the contraindications of ACE inhib-

tors (eg, pregnancy, renal artery stenosis) and the risks
f CCBs (eg, edema) in the combination.

There were some limitations to the current study.
irst, patients with evidence of microalbuminuria
ithin the past year were included, and patients with
arious stages of CKD were noted during randomiza-
ion. Second, due to the small number of cases and the
hort duration of intervention, end-stage renal disease
vents were not assessed. In general, a low eGFR level
s an independent predictor for end-stage renal dis-
ase,49 and thus our findings suggest that the treat-

ment-induced renal protection is independent of the
blood pressure–lowering effects. Third, systolic blood
pressure in the amlodipine/benazepril group was

Table VI. Adverse events in all randomized patients.

Adverse Event
Amlodip

(

Patient with serious adverse event(s)*
Patient with any adverse event(s) 4

Severe
Moderate
Mild 4

Classes of adverse event(s)†

Respiratory disorder 1
Infective disorder 1
Nervous system disorder
Nutrition disorder
Gastrointestinal disorder
General disorder
Musculoskeletal disorder

Patients with drug-related adverse event(s)
Severe
Moderate
Mild

*A serious adverse event was defined as any of the followi
longed) hospitalization, significant disability, or birth defe

†Classes of adverse events occurring in �5% patients in each
higher, but not significantly, than in the valsartan/hy-

August 2012
drochlorothiazide group. However, a long-term assess-
ment of the effects of blood pressure is still recommended.
Furthermore, the benefits on eGFR, HbA1c, and lipid
rofiles were reported as secondary end points in this
oninferiority study of a small and selected population.
ong-term follow-up studies of the effects of amlodipine/
enazepril therapy are required to prove that this treat-
ent provides cardiovascular protection.

CONCLUSIONS
In this study, a fixed-dose combination of amlodipine/
benazepril resulted in blood pressure–lowering effects,
which were not inferior to those of valsartan/hydro-
chlorothiazide in either the PP or the ITT population.
Furthermore, eGFR, HbA1c, triglyceride, HDL-C, and
uric acid levels were significantly improved in hyper-
tensive patients with type 2 DM treated with an amlo-
dipine/benazepril combination compared with those
treated with a valsartan/hydrochlorothiazide combina-

s are given as number (%).

enazepril
4)

Valsartan/Hydrochlorothiazide
(n � 85) P

) 1 (1.2) 0.621
.1) 52 (61.2) 0.640
) 2 (2.4)
) 3 (3.5)

.4) 47 (55.3)

.2) 5 (5.9) 0.006

.9) 15 (17.6) 0.999

.7) 13 (15.3) 0.494
) 11 (12.9) 0.307
) 3 (3.5) 0.496
) 5 (5.9) 0.999
) 7 (8.2) 0.329

.7) 8 (9.4) 0.804
) 1 (1.2)

1 (1.2)
) 6 (7.1)

nditions: death, life-threatening condition, requiring (pro-

ment group.
Value

ine/B
n � 8

2 (2.4
8 (57
3 (3.6
1 (1.2
4 (52

7 (20
5 (17
9 (10
6 (7.1
5 (6.0
4 (4.8
3 (3.6

9 (10
1 (1.2
0 (0)
8 (9.5

ng co
ct.

treat
tion using data from the ITT population. Further large
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studies are warranted to determine the long-term car-
diovascular benefits of this treatment combination.
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