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Abstract

Background: Guidelines for the management of hypertension rec-
ommend the use of drugs with different mechanisms of action in 
antihypertensive regimens that include single-pill fixed-dose combi-
nations of medications. There is some controversy regarding which 
single-pill fixed-dose combinations of angiotensin II type 1 receptor 
blockers (ARBs) and calcium channel blockers (CCBs) are effective 
at reducing blood pressure (BP).

Methods: Forty hypertensive patients who were receiving a single-
pill fixed-dose combination of valsartan 80 mg/day and amlodipine 
5 mg/day or irbesartan 100 mg/day and amlodipine 5 mg/day were 
enrolled. They were randomly divided into two treatment groups, a 
group that changed to a single-pill fixed-dose combination of azilsar-
tan 20 mg/day and amlodipine 5 mg/day (changeover group) and a 
group that continued to receive valsartan 80 mg/day and amlodipine 
5 mg/day or irbesartan 100 mg/day and amlodipine 5 mg/day (control 
group), and treated for 16 weeks.

Results: There were no significant differences in systolic blood pres-
sure (SBP), diastolic blood pressure (DBP) or pulse rate (PR) at 16 
weeks between the control and changeover groups. In addition, there 
were no significant changes in biochemical parameters throughout the 
study period in both groups.

Conclusion: The ability of a single-pill fixed-dose combination of 
azilsartan and amlodipine to reduce BP may be comparable to that 
of a combination of valsartan and amlodipine or irbesartan and am-
lodipine.
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Introduction

Although optimal blood pressure (BP) control is associated 
with remarkable clinical benefits with regard to cardiovascular 
and renal protection, many patients still show higher BP. Vari-
ous guidelines recommend different combinations of angio-
tensin II type 1 receptor blockers (ARBs) and calcium chan-
nel blockers (CCBs) [1, 2]. Most patients with hypertension 
(HTN) require two or more drugs to achieve their target BP 
[3]. Recently, many kinds of single-pill fixed-dose combina-
tions of ARBs and CCBs have become available for clinical 
use in Japan, and have been shown to be helpful for control-
ling BP [4]. However, there is still some controversy regarding 
which single-pill fixed-dose combinations of ARBs and CCBs 
are effective for all types of HTN.

Azilsartan is the newest ARB to be approved for clinical 
use in Japan, and has a significant BP-lowering effect. Azil-
sartan medoxomil and azilsartan have been reported to have 
greater antihypertensive effects than other ARBs [5-8]. Azil-
sartan has been shown to bind tightly to and dissociate slowly 
from AT1 receptors [9]. We hypothesized that the depressor ef-
fect of azilsartan with CCB may be superior to those of other 
ARBs with CCB in patients with HTN. Therefore, in this study, 
we compared the efficacy and safely of a single-pill fixed-dose 
combination of azilsartan and amlodipine to those of combina-
tions of irbesartan or valsartan and amlodipine.

Methods

Study design

Forty hypertensive patients in whom BP was controlled with 
the use of a single-pill fixed-dose combination of valsartan 
80 mg/day and amlodipine 5 mg/day (Exforge®) or irbesartan 
100 mg/day and amlodipine 5 mg/day (Aimix®LD) were en-
rolled. They were randomly divided into two treatment groups: 
a group that changed to a single-pill fixed-dose combination 
of azilsartan 20 mg/day and amlodipine 5 mg/day (Zacras®, 
changeover group) and a group that continued to receive val-
sartan 80 mg/day and amlodipine 5 mg/day or irbesartan 100 
mg/day and amlodipine 5 mg/day (control group). One patient 
withdrew during the study period because she was admitted 
to the hospital with non-cardiovascular disease. Therefore, 
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we finally analyzed 39 hypertensive patients (20 and 19 in the 
control and changeover groups, respectively).

Office systolic blood pressure (SBP), diastolic blood pres-
sure (DBP) and pulse rate (PR) measurements were obtained 
at 0, 4, 8, 12 and 16 weeks. The target BP followed the Japa-
nese Society of Hypertension Guidelines for the Management 
of Hypertension 2009 (JSH2009) [1]. We excluded patients 
with liver dysfunction, renal dysfunction (defined as a serum 
creatinine (Cr) level of more than 2.0 mg/dL), pregnancy, or a 
history of allergy to the study drugs. The protocol in this study 
was approved by the ethics committee of Fukuoka University 
Hospital (#14-5-03) and registered under UMIN000016251, 
and all subjects gave their written informed consent to par-
ticipate.

Evaluation of clinical parameters

BP was determined as the mean of two measurements ob-
tained in an office setting by the conventional cuff method 
using a mercury sphygmomanometer after at least 5 min of 
rest. We analyzed the levels of biochemical parameters in 
blood at 0, 8 and 16 weeks. Blood samples were collected 
in the morning after the patients had fasted overnight. Data 
regarding serum levels of biochemical parameters, such as 
high-density lipoprotein-cholesterol (HDL-C), low-density 
lipoprotein-cholesterol (LDL-C), triglycerides (TG), uric acid 
(UA), fasting plasma glucose and hemoglobin A1c, sodium, 
potassium, Cr and brain natriuretic peptide were collected in 
all patients. Body mass index (BMI) was calculated as weight 
(kg)/height (m)2.

The characteristics of the patients, with regard to history 
of HTN, dyslipidemia (DL), diabetes mellitus (DM), hyper-
uricemia (HU), chronic kidney disease (CKD) and medication 
use, were obtained from medical records. Patients who had a 
current SBP/DBP ≥ 140/90 mm Hg or who were receiving an-
tihypertensive therapy were considered to have HTN. Patients 

with LDL-C ≥ 140 mg/dL, TG ≥ 150 mg/dL, and/or HDL-C < 
40 mg/dL, or who were receiving lipid-lowering therapy, were 
considered to have DL. DM was defined using the Japan Dia-
betes Society criteria or the use of a glucose-lowering drug. 
HU was defined as a serum UA level of ≥ 7.0 mg/dL or the use 
of uric acid-lowering drugs.

Statistical analysis

Statistical analysis was performed using the Stat View statisti-
cal software package (Stat View 5; SAS Institute Inc., Cary, 
NC, USA) at Fukuoka University (Fukuoka, Japan). Data were 
shown as the mean ± standard deviation (SD). Categorical vari-
ables and continuous variables were compared between groups 
using a Chi-square analysis and unpaired t-test, respectively. 
Changes in SBP, DBP, PR, and clinical parameters following 
therapy were analyzed by the paired t-test. A value of P < 0.05 
was considered significant.

Results

Patient characteristics

Table 1 shows the characteristics of the 39 patients containing 
17 (44%) males. The changeover and control groups consist-
ed of 19 and 20 patients, respectively. DM, DL and HU were 
observed in 33%, 77% and 28% of all subjects, respectively. 
The mean age was 73 ± 12 years, and BMI was 25 ± 4 kg/m2. 
The incidences of several coronary risk factors such as gen-
der, BMI, smoking, DM and DL were similar in the control 
and changeover groups. There was no significant difference in 
the use of medications such as β-blocker, α-blocker and diu-
retic between the groups. We did not change these medications 
throughout the study period.

Table 1.  Baseline Characteristics in All Patients, the Control and Changeover Groups (Mean ± SD)

All patients (n = 39) Control group (n = 20) Changeover group (n = 19)
Age (years) 73 ± 12 75 ± 12 71 ± 12
Male (%) 44 35 53
BMI (kg/m2) 25 ± 4 25 ± 4 25 ± 4
Smoking (%) 44 40 47
DM (%) 33 35 32
DL (%) 77 80 74
HU (%) 28 25 32
CKD (%) 33 40 26
Medications
  β-blocker (%) 15 25 5
  α-blocker (%) 5 0 11
  Diuretic (%) 28 35 21

BMI: body mass index; DM: diabetes mellitus; DL: dyslipidemia; HU: hyperuricemia; CKD: chronic kidney disease; CCB: cal-
cium channel blocker.
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Time courses of SBP, DBP and PR in the control and 
changeover groups

The time courses of SBP, DBP and PR in the control and 
changeover groups are shown in Figure 1. There was no dif-
ference in SBP and DBP at 0 week between the groups. In 
the changeover group, there was no difference in SBP, DBP 
or PR throughout the study period. Although DBPs in the con-
trol group were significantly decreased at 4, 8 and 12 weeks, 
there was no difference between DBP at 16 weeks and that at 
0 weeks.

Changes in biochemical parameters in the control and 
changeover groups

Biochemical parameters in blood at 0, 8 and 16 weeks in the 
control and changeover groups are shown in Table 2. There 
were no significant differences in the levels of biochemical 
parameters at 0 week between the groups, and there were no 
significant changes in biochemical parameters throughout 
the study period in both groups. Furthermore, no serious 
adverse effects were observed in any of the patients in this 
study.

Table 2.  Change in Biochemical Parameters in the Control and Changeover Groups

Control group(n = 20) Changeover group (n = 19)
0W 8W 16W 0W 8W 16W

UN, mg/dL 18 ± 6 17 ± 5 17 ± 6 16 ± 7 17 ± 5 16 ± 5
Cr, mg/dL 0.9 ± 0.3 0.9 ± 0.3 0.9 ± 0.3 0.9 ± 0.3 0.9 ± 0.3 0.9 ± 0.3
UA, mg/dL 5.9 ± 1.7 5.7 ± 1.7 5.7 ± 1.6 5.5 ± 1.5 5.4 ± 1.4 5.3 ± 1.4
Na, mEq/L 142 ± 2 142 ± 2 142 ± 2 142 ± 3 142 ± 2 141 ± 3
K, mEq/L 4.3 ± 0.3 4.2 ± 0.3 4.2 ± 0.5 4.2 ± 0.4 4.1 ± 0.4 4.3 ± 0.4
LDL-C, mg/dL 97 ± 24 102 ± 26 97 ± 25 101 ± 25 105 ± 33 98 ± 28
HDL-C, mg/dL 60 ± 20 61 ± 17 60 ± 18 52 ± 14 54 ± 14 52 ± 13
TG, mg/dL 132 ± 132 124 ± 71 118 ± 74 147 ± 75 135 ± 87 137 ± 97
FPG, mg/dL 117 ± 31 120 ± 37 116 ± 24.5 121 ± 35 135 ± 38 120 ± 29
HbA1c, % 6.2 ± 0.9 6.2 ± 1.0 6.3 ± 0.9 5.9 ± 0.8 6.0 ± 0.8 6.1 ± 0.9
BNP, pg/mL 79 ± 95 74 ± 95 80 ± 93 53 ± 53 62 ± 76 66 ± 77

UN: urea nitrogen; Cr: creatinine; UA: uric acid; Na: sodium; K: potassium; LDL-C: low-density lipoprotein cholesterol; HDL-
C: high-density lipoprotein cholesterol; TG: triglyceride; FPG: fast plasma glucose; HbA1c: hemoglobin A1c; BNP: brain 
natriuretic peptide.

Figure 1. Time courses of systolic and diastolic blood pressure (SBP and DBP) and pulse rate (PR) in the control and changeover 
groups. *P < 0.05 vs. 0 weeks. 
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Discussion

In the present study, the depressor effect of a single-pill fixed-
dose combination of azilsartan 20 mg/day and amlodipine 5 
mg/day was comparable to that of combination of valsartan 80 
mg/day or irbesartan 100 mg/day and amlodipine 5 mg/day. 
There were no significant changes in biochemical parameters 
throughout the study period.

We previously compared the efficacy and safety of vals-
artan and losartan [10, 11], irbesartan and olmesartan [12, 13] 
and azilsartan and olmesartan [14] in patients with HTN. Azil-
sartan medoxomil and azilsartan have been reported to have 
greater antihypertensive effects than other ARBs [5-8]. Thus, 
all ARBs may not have the same depressor effects, and azil-
sartan may have a stronger depressor effect than other ARBs. 
In this study, there were no significant differences in the time 
courses of BP throughout the study period in the control and 
changeover groups. In addition, although we used two com-
binations of ARBs and CCBs as prior single-pills, there were 
no significant differences in BP reduction with either com-
bination of ARB and CCB (with a change from valsartan 80 
mg/day + amlodipine 5 mg/day or irbesartan 100 mg/day + 
amlodipine 5 mg/day to azilsartan 20 mg/day + amlodipine 
5 mg/day, BP changed from 135/73 to 135/73 mm Hg and 
from 140/76 to 135/71 mm Hg). ARBs did not appear to have 
differential depressor effects when they were combined with 
CCBs. There are several possible explanations for the lack of 
significant differences in BP reduction among the combina-
tion therapies with ARBs and CCBs. First, amlodipine has a 
relatively long elimination half-life of 35 - 45 h [15]. It has 
a relatively strong depressor effect because the depressor ef-
fect of nifedipine CR, which has the strongest depressor ef-
fect among CCBs, is comparable to that of amlodipine [16]. 
The differential depressor effect of ARBs may be masked by 
amlodipine, which has relatively strong and long-lasting de-
pressor effects. Second, ARBs and CCBs are both effective 
antihypertensive agents with complementary mechanisms of 
action. Azilsartan did not appear to confer any benefit in ARB 
+ CCB combination therapy, probably because combination 
therapy additively or synergistically induces an intensive BP-
lowering effect.

This study has important limitations. First, the sample 
size was relatively small, which limits our ability to determine 
significance. Second, we applied a changeover design, where 
we switched from prior combinations of ARBs and CCBs to 
azilsartan and amlodipine. A crossover study would have been 
preferable. Third, DBPs in the control group were significantly 
decreased at 4, 8 and 12 weeks, although BP in the control 
group should not change because medications did not change 
through the study period. One possibility is due to seasonal 
variation of BP. However, the patients were randomly divided 
into two groups, and this may have minimized any difference 
in parameters.

In conclusion, the ability of a single-pill fixed-dose com-
bination of azilsartan 20 mg/day and amlodipine 5 mg/day to 
reduce BP may be comparable to that of other combinations of 
ARBs and CCBs. No serious adverse effects were observed in 
any of the patients.
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