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The effects of increasing calcium channel blocker dose
vs. adding a diuretic to treatment regimens for patients
with uncontrolled hypertension

Shigemasa Tani1,2, Kei Asayama3,4, Koji Oiwa5, Shinsuke Harasawa1,2, Katsuaki Okubo1,2,
Atsuhiko Takahashi1,2, Ayumi Tanabe6, Takayoshi Ohkubo3, Atsushi Hirayama2 and Toshio Kushiro7

In patients with insufficient blood pressure (BP) control, despite using a combination regimen containing an angiotensin receptor

blocker and a calcium channel blocker (CCB), whether a greater dose of CCB or adding a diuretic is more effective at lowering

BP remains unclear. We conducted a multicenter randomized clinical trial to compare the efficacy of switching from the daily

administration of a single-pill fixed-dose combination of irbesartan (100 mg) and amlodipine (5 mg) to irbesartan (100 mg) with

an increased dose of amlodipine (10 mg) (HD group, n=62) or irbesartan (100 mg) and amlodipine (5 mg) with 1 mg of

indapamide (D group, n=63) in patients with poorly controlled hypertension. BP measured at home was monitored by a

physician using a telemonitoring system. Between the HD and D groups, no significant differences were observed in morning

home BP changes (mean reduction of systolic/diastolic BP, 1.7/0.9 mmHg; 95% confidence intervals, −2.4 to 5.7/−1.4 to 3.2;

P=0.19/0.37), achievement rate of target BP (45.2% vs. 42.9%, P=0.80), BP variability independent of the mean (P⩾0.74),

other variability indices (P⩾0.55) and time to stabilization, which was calculated using a fitted analysis (13.1 days

vs. 11.4 days, P=0.99). Although a significant increase in serum uric acid was observed in the D group (Po0.0001), neither

clinically relevant abnormal laboratory test results nor critical BP changes were observed throughout the trial period. Both

antihypertensive drug combination strategies were effective treatment options. Further investigation is required to determine the

appropriate use of both therapies based on the various pathologies associated with hypertension.
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INTRODUCTION

Intensive blood pressure control is important in reducing the risk of
cardiovascular diseases.1–3 However, the rate of achievement of target
blood pressure level in daily practice has been 30–40% or less,4,5 and that
rate is even lower based on self-measured home blood pressure.5 When
blood pressure control is insufficient by monotherapy, therapy with a
combination of antihypertensive drug classes is more effective compared
with increasing the dose of the single drug.6,7 In particular, the combined
use of a renin–angiotensin system inhibitor (that is, angiotensin
converting enzyme inhibitors or angiotensin 2 receptor blockers) and
a long-acting calcium channel blocker is superior to that of β blockers
and diuretics for the reduction of cardiovascular morbidly8,9 and
mortality.9 Although the above-mentioned combination therapy is
recommended,10 the mean number of antihypertensive drugs was o2
even among patients allocated to tight blood pressure control groups in
a previous randomized trial11 and an observational study.12

Although challenges in managing the accuracy of home blood
pressure measurements13 and the reliability of self-recording systems14

remain, transferring blood pressure data from a home device to
a central server has become feasible.11 A large-scale remote blood
pressure monitoring system enables us to improve therapeutic efficacy
in the patient population.15 However, as Rothwell et al.16 reported,
there have been no reports on whether increasing the dose of the
calcium channel blocker, which has dose-dependent effects, or adding
diuretics to the conventional combination therapy is the more effective
option for lowering home and clinic blood pressure or on which one
has a larger impact on blood pressure variability in patients with
insufficient blood pressure control. We therefore aimed to compare
the effects of a dose increase of amlodipine with that of adding
indapamide to treat patients with insufficient home and clinic blood
pressure control under a fixed low-to-moderate dose combination
regimen of irbesartan and amlodipine.
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METHODS

Study design
This study is a multicenter, randomized, open-label study on blood pressure
reduction in patients aged 20–79 years with essential hypertension. The study
was approved by the Institutional Review Board at each institution and
complies with the Declaration of Helsinki for the investigation of human
subjects;17 this study is also registered with the UMIN Clinical Trial Registry
(http://www.umin.ac.jp/ctr) as number UMIN000011328. All study participants
gave their written informed consent.
Eligible patients were those who regularly visited an outpatient clinic

and were treated with a combination of 100 mg per day irbesartan and
5 mg per day amlodipine but did not achieve the target blood pressure level in
consideration of the Japanese Society of Hypertension Guidelines 2009;18 as
follows: (1) clinic blood pressure o140/o90 mmHg and home blood pressure
o135/o85 mmHg without diabetes or chronic kidney disease or (2) clinic and
home blood pressure o130/o80 mmHg with diabetes or chronic kidney
disease. We compared the efficacy of switching from their initial combination
regimen to that with the same dose of irbesartan but a higher dose of
amlodipine (10 mg per day) or to that including 1 mg of indapamide with the
initial combination regimen. The combinations of 100 mg of irbesartan and
5 mg of amlodipine as well as 100 mg of irbesartan and 10 mg of amlodipine
were supplied as a combination tablet (Aimix LD and Aimix HD, respectively)
that is marketed in Japan.
The exclusion criteria were as follows: (1) patients with secondary

hypertension or malignant hypertension or those who had a myocardial
infarction, percutaneous coronary angioplasty or coronary artery bypass within
6 months prior to obtaining informed consent; (2) patients with contra-
indications for treatment with increased doses of amlodipine or administration
of indapamide; (3) patients receiving angiotensin converting enzyme inhibitors,
direct renin inhibitors and/or diuretics; (4) patients who would not visit the
clinic regularly or were suspected to have insufficient drug adherence; (5) shift
workers who had daytime and nighttime shifts; and (6) patients on
hemodialysis.

Study procedures
After informed consent was given, physicians sent a registration form indicating
study participation to the research secretariat at the Nihon University School of
Medicine via fax. As shown in Figure 1, the administration of 100 mg per day
irbesartan and 5 mg per day amlodipine (Aimix LD) started at visit 0, and
patients visited the study center of the outpatient clinic every month. Clinic
blood pressure was measured at each visit, whereas home blood pressure was
measured over 2 months during the study period. No other antihypertensive

drug was prescribed during this period. If either the home or clinic blood
pressure of the study participants did not reach the aforementioned target
blood pressure level at visit 2, patients were randomized to two treatment
groups that were treated with either the Aimix HD (HD group) or the
combination of Aimix LD and 1 mg of indapamide (D group) based on a
minimization algorithm that considered sex, age and the systolic and diastolic
clinic blood pressure levels. Randomization was stratified by age, sex and clinic
blood pressure at visit 2. After the randomization, changes in home and clinic
blood pressure were observed for 3 months at visits 3–5. No other concomitant
drugs were changed and/or added during the study period. The primary end
point was the change in home and clinic blood pressure and the rate of
achievement of target blood pressure. The secondary end points were blood
pressure and heart rate variability and the time required to stabilize the
antihypertensive effects (stabilizing time).

Blood pressure measurement and telemonitoring
At each visit, after the patients had rested in the sitting position for 2 min,
physicians obtained two consecutive measurements of blood pressure and heart
rate by any device at the clinic that was validated and approved by the Ministry
of Health, Labour and Welfare of Japan. The mean of the two office
measurements was considered as the clinic measurement.
Patients were instructed to measure home blood pressure after 2 min of rest

in the sitting position every morning during the study duration. Patients had to
obtain these measurements within 1 h of awakening before breakfast and before
taking their antihypertensive medication. They were asked to measure their
blood pressure twice per occasion, and the mean of these two measurements
taken was considered as the home blood pressure. These measurement
conditions were based on the Japanese Society of Hypertension Guidelines
2014.10 A validated Omron HEM-7251G (Omron Colin, Tokyo, Japan)19

device equipped with communication capabilities via a mobile phone line
was lent to the study patients for use. Blood pressure, heart rate, time of
measurement and room temperature were shown on the terminal at
the physicians’ office, and the study was managed by the internet-based
telemonitoring system (MedicalLINK) using serial numbers embedded in the
HEM-7251G and the random numbers that were automatically assigned to
each patient at registration to prevent sending personal information externally.

Laboratory data
Diabetes was defined as fasting plasma glucose concentrations ⩾ 7.0 mmol l− 1

(⩾126 mg dl− 1), HbA1c ⩾ 6.5% or current treatment with anti-diabetic agents.
Dyslipidemia was defined as low-density lipoprotein cholesterol of
3.62 mmol l− 1 (140 mg dl− 1) or higher, triglycerides of 1.69 mmol l− 1

(150 mg dl− 1) or higher, high-density lipoprotein cholesterol less than
1.03 mmol l− 1 (40 mg dl− 1) or current treatment with lipid-lowering agents.
Smoking was defined as current smoking or smoking cessation within 1 year
prior to the start of the study. The estimated glomerular filtration rate was
calculated with the Japanese Equation as follows:20 estimated glomerular
filtration rate (ml min− 1 per 1.73 m2)= 194× serum creatinine− 1.094 × age− 0.287

(× 0.739 if women), and chronic kidney disease was defined as estimated
glomerular filtration rate o60 ml min− 1 per 1.73 m2 or proteinuria diagnosed
by a protein reading on a dip-stick test of 1+ or more. Angiographically
confirmed coronary artery disease was defined as a history of documented
myocardial infarction, prior coronary revascularization intervention (coronary
artery bypass graft surgery or percutaneous coronary intervention) or the
presence of ⩾ 50% stenosis in one or more coronary arteries during cardiac
catheterization. Diagnoses of chronic heart failure were made using the
Framingham criteria.21

Statistical analysis
Statistical analyses were performed using the SAS software version 9.4
(SAS Institute, Cary, NC, USA). We expressed data as the mean± s.d. for
continuous variables and as percentages for categorical variables, while
continuous data that did not follow a normal distribution were expressed
as the median (interquartile range). According to the type of variables,
Student’s t-test, Mann–Whitney’s U test, and the χ2-test were appropriately
used to compare variables between the groups, and paired t-test and Wilcoxon’s

200 Recruitment at Visit 0

83 Allocated to HD group 86 Allocated to D group

62 Completed at Visit 5 63 Completed at Visit 5

31 Excluded during run-in period (Visits 0 to 2)
23 Achieved the target blood pressure level
8 Withdraw from trial

21 Discontinued during Visits 3 to 5
15 Blood pressure data incomplete
5 Withdraw from trial 
1 Moved away

23 Discontinued during Visits 3 to 5
15 Blood pressure data incomplete
6 Withdraw from trial 
2 Moved away

169 Randomized at Visit 2

Irbesartan (100 mg/day) and amlodipine (5 mg/day) Initiated

Figure 1 Trial profile. Patients visited each trial site every month (visits 0–5).
At visit 2, patients allocated to the HD group were prescribed the
combination therapy of 100 mg per day irbesartan and 10 mg of amlodipine,
and those allocated to the D group were prescribed the combination therapy
of 100 mg per day irbesartan, 5 mg per day amlodipine and 1 mg of
indapamide.
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signed-rank test were appropriately used to compare variables within the
same group.
Data regarding home blood pressure values for the 5 days prior to

randomization at visit 2 and for the final 5 days prior to visit 5 were used
for the calculation of level and variability at baseline and during follow-up,
respectively. We computed the home blood pressure variability from the s.d.,
coefficient of variation and maximum minus minimum blood pressure.22–24

The within-patient blood pressure variability was further represented by
variability independent of the mean index, which is s.d. divided by the mean
of the power x.16,22,24 Power x is modeled by the following equation:
s.d.= a×meanx and was derived by nonlinear regression analysis using the
PROC NLIN procedure of the SAS package. We also used average real
variability, which was calculated as the average of the absolute differences
between blood pressure measurements from consecutive days.24–26 The blood-
pressure-lowering effect after drug initiation was evaluated as the time required
to stabilize blood pressure level after randomization at visit 2 using exponential
decay data and the least squares fitting method.7,27,28 The exponential function
is as follows: Y=A× e− kT+C, where Y and T are home blood pressure level and
days since randomization, respectively; A denotes the extent of the blood-
pressure-lowering effect; C reflects the final blood pressure level; and k reflects
the time constant for blood pressure decay (day− 1). We fitted an intercept
of a curve (A+C) to the baseline home blood pressure level as the average of the
5 days prior to randomization. We defined stabilization time as the computed T
when the blood pressure reduction reached 95% of the maximum degree,
which was calculated as 3.0 k− 1 and was derived by the PROC NLMIXED
procedure of the SAS package. We used home blood pressure data until 28 days
after the randomization, while outlying blood pressure values defined as± 2 s.d.
of each day were excluded from the analysis.

RESULTS

The study started on 4 June 2013, and 200 patients were recruited by
16 January 2016, from nine trial sites (Figure 1). Of those, 23 achieved
the target blood pressure level under the initial drug treatment before
randomization, and eight patients were discontinued from the study.
The remaining 169 patients met the eligibility criteria and were
randomly allocated to either the HD treatment group (n= 83) or the
D (n= 86) treatment group. Of the 83 patients in the HD group and
the 86 in the D group, 21 (15 had incomplete blood pressure
measurements, 5 withdrew from the trial and 1 moved) and 23
(15 had incomplete measurements, 5 withdrew and 2 moved) patients,
respectively, discontinued the study treatment during the trial.
Therefore, 125 patients (62 in the HD group and 63 in the D group)

completed the study and were included in the analysis. Clinical
characteristics among patients in the two groups did not differ
(Table 1; P⩾ 0.25). Neither critical blood pressure changes nor
clinically relevant abnormal laboratory test results were observed
during the trial period.

Changes in blood pressure and achievement of target level
Compared with the baseline run-in period, both systolic and diastolic
blood pressure significantly decreased in the HD and D groups using
both home and clinic measurements (P⩽ 0.0029). Heart rate did not
change in both groups during the trial (P⩾ 0.13). The blood-pressure-
lowering effect from baseline to the end of the follow-up was
statistically the same between the HD and D groups (P⩾ 0.19);
reductions of home systolic and diastolic blood pressure in the HD
group were 1.7 mmHg (95% confidence intervals (CI), − 2.4 to 5.7)
and 0.9 mmHg (CI, − 1.4 to 3.2) less than those in the D group,
respectively, whereas reductions of clinic systolic and diastolic pressure
in the HD group were 1.6 mmHg (CI, − 4.3 to 7.5) and 2.7 mmHg
(CI, − 1.4 to 6.7) greater than those in the D group, respectively. The
achievement rate of the target blood pressure level was also statistically
the same based on home (HD group vs. D group: 45.2% vs. 42.9%,
P= 0.80) and clinic blood pressure measurements (66.1% vs. 58.7%,
P= 0.39). Significant differences were not observed among blood
pressure measurements taken at visits 3, 4 and 5 when compared
separately (P⩾ 0.23).

Variability of home blood pressure and heart rate
Variability of home blood pressure and heart rate at baseline before
randomization and during follow-up is shown in Tables 2 and 3,
respectively. The blood pressure levels and variability indices were not
significantly different between the two groups (P⩾ 0.064). The
variability indices of systolic home blood pressure during the follow-
up period were statistically the same compared with those at baseline
(P⩾ 0.18); the same finding was also observed in the variability indices
derived from diastolic home blood pressure (P⩾ 0.15) and heart rate
(P⩾ 0.25). Consequently, changes did not differ between the two
groups regarding variability independent of the mean index (P⩾ 0.74)
and other variability indices (P⩾ 0.55).

Antihypertensive drug effect and stabilization time
In both groups, the blood-pressure-lowering effect on home systolic
blood pressure after drug initiation was significantly fitted to the
exponential function decay model (P⩽ 0.0007). The estimated
maximum effect, stabilizing time and blood pressure level were
6.9 (CI, 5.8–8.0) mmHg, 13.1 (CI, 8.4–30.0) days and 133.9
(CI, 131.4–136.3) mmHg, respectively, in the HD group and
8.4 (CI, 7.3–9.6) mmHg, 11.4 (CI, 8.5–17.3) days and 131.0
(CI, 127.6–134.5) mmHg, respectively, in the D group. As shown in
Figure 2, the difference in the maximum home systolic blood-pressure-
lowering effect was marginal (P=0.052), while stabilizing time and final
blood pressure levels were statistically the same (P⩾0.18).

Changes in blood chemistry data
As shown in Table 4, there was no significant change in serum uric
acid level from baseline until 3 months after treatment in the HD
group (−0.08± 0.81 mg dl− 1, P= 0.44), but it was significantly
increased in the D group (0.80± 0.90 mg dl− 1, Po0.0001). Significant
decreases in serum sodium, potassium and chloride levels were
observed in the D group (P⩽ 0.031) but not in the HD group
(P⩾ 0.28). Fasting blood glucose and serum lipid profiles did not
change during the trial period in both treatment groups (P⩾ 0.14).

Table 1 Patient characteristics

HD group (n=62) D group (n=63) P

Women, n (%) 15 (24.2) 19 (30.2) 0.45

Age (years) 64.9±12.1 67.1±14.2 0.36

Body mass index (kg m−2) 24.6±3.6 24.7±2.9 0.83

Diabetes mellitus, n (%) 18 (29.0) 14 (22.2) 0.38

Dyslipidemia, n (%) 20 (32.3) 22 (34.9) 0.75

Chronic kidney disease, n (%) 21 (33.9) 20 (31.8) 0.80

eGFR (ml min−1 per 1.73 m2) 71.8±16.2 68.5±17.1 0.26

Coronary artery disease, n (%) 8 (12.9) 13 (20.6) 0.25

Stroke, n (%) 3 (4.8) 4 (6.3) 0.71

Chronic heart failure, n (%) 5 (8.1) 8 (17.1) 0.40

Clinic systolic blood pressure 137.1 (15.3) 136.7 (15.4) 0.88

Clinic diastolic blood pressure 77.2 (11.9) 77.1 (11.9) 0.94

Clinic heart rate 71.9 (11.9) 72.7 (9.0) 0.70

Abbreviation: eGFR, estimated glomerular filtration rate.
Data are shown as the number (percent) of patients or arithmetic mean± s.d. After the
randomization, patients allocated to HD group took the combination of 100 mg per day of
irbesartan and 10 mg of amlodipine, and those allocated to D group took the combination of
100 mg per day irbesartan and 5 mg per day of amlodipine and 1 mg of indapamide.
P denotes the significance of difference between HD and D groups.
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DISCUSSION

In patients with essential hypertension and insufficient blood pressure
control despite treatment with a combination of 100 mg per day
irbesartan and 5 mg per day amlodipine, both dose increments of
amlodipine at 10 mg per day or adding 1 mg of indapamide to their
existing regimen resulted in significant blood pressure reduction;
however, there were no statistically significant differences in clinic or
morning home blood pressure reduction between the two groups.
Furthermore, no significant differences in the secondary end points of
stabilizing time and variability of blood pressure and heart rate were
observed, suggesting that both combination treatments may be
similarly effective for tight blood pressure control. We used the
Omron HEM-7251G equipped with a mobile phone line that enabled
data transfer of morning home blood pressure and heart rate
immediately after each measurement. The present study demonstrated
the feasibility of such a telemonitoring system for research trials even
though 15 patients in each group were not able to provide blood
pressure data before the completion of the study.
In hypertensive patients, low rates of treatment and low rates of

achieving target blood pressure levels have been common challenges.
If the clinic blood pressure of all hypertensive patients decreases to less
than 140/90 mmHg, the decrease in the long-term risk of cardiovas-
cular diseases will make the treatments more cost-effective despite the
increased cost of antihypertensive treatment.29 Moreover, the systolic
blood pressure intervention trial,3,30 which had a systolic blood
pressure target level of o120 mmHg in the intensive treatment group,
has reported reductions in the risk of cardiovascular diseases and
death in hypertensive patients,3,30 even among ambulatory adults aged

75 years or older.30 In addition, the recent meta-analysis demonstrated
that a reduction in systolic blood pressure to 130 mmHg was effective
in preventing cardiovascular diseases.31 Intensive blood pressure
control would be necessary in routine medical practice for patients
with hypertension. Because single antihypertensive agent therapy may
decrease blood pressure by only 7–9 mmHg,6 combination therapy
using multiple antihypertensive drugs is required to achieve intensive
blood pressure control to prevent cardiovascular diseases.
Although numerous indicators have been used to evaluate the

efficacy of antihypertensive drugs, the variability of blood pressure
measurements, including home blood pressure and heart rate, as well
as the stability of blood pressure reduction, remain to be
elucidated.16,22,24,32–35 The present study was conducted to investigate
blood pressure variability using s.d., coefficient of variation, maximum
minus minimum difference, variability independent of the mean index
and average real variability. However, similar to the other Japanese
trial,24 none of these indices differed between the two drug groups,
indicating that antihypertensive drug classes had no significant impact
on blood pressure variability. Blood pressure variability might be
useful in daily clinical practice, but it currently remains a research tool
that requires further prospective studies with hard end points to define
potential applications.36

The final blood pressure levels were similar, and the stabilizing time
as well as estimated maximum blood-pressure-lowering effect that was
calculated using fitting model analyses were also similar between the
HD and D groups (Figure 2). Similar antihypertensive effects are
therefore expected from either of these two combination therapies.
The current findings partly support the previous report in which

Table 2 Home blood pressure, heart rate and variability indexes

captured before randomization

HD group (n=62) D group (n=63) P

Systolic pressure
Average (mmHg) 141.2±12.3 139.7±15.8 0.56

s.d. (mmHg) 8.6±4.3 8.8±5.0 0.86

CV (unit) 6.1±3.1 6.3±3.5 0.79

VIM (unit) 8.6±4.4 8.8±5.0 0.84

MMD (mmHg) 21.3±10.8 21.6±12.8 0.88

ARV (mmHg) 10.1±5.6 9.8±6.1 0.82

Diastolic pressure
Average (mmHg) 83.2±9.8 82.7±10.3 0.77

s.d. (mmHg) 4.9±2.3 4.8±2.4 0.85

CV (unit) 5.8±2.6 5.9±3.0 0.94

VIM (unit) 4.9±2.2 4.9±2.5 0.94

MMD (mmHg) 12.1±6.2 12.0±6.0 0.91

ARV (mmHg) 5.4±2.7 5.8±3.1 0.38

Heart rate
Average (bpm) 70.4±10.7 68.7±11.7 0.39

s.d. (bpm) 4.9±2.6 5.3±2.9 0.32

CV (unit) 7.0±3.8 7.7±3.6 0.28

VIM (unit) 4.9±2.7 5.4±2.5 0.29

MMD (bpm) 11.9±6.5 13.1±7.2 0.33

ARV (bpm) 5.8±3.3 6.7±4.4 0.22

Abbreviations: ARV, average real variability; bpm, beat per minutes; CV, coefficient of variation;
MMD, maximum minus minimum difference; VIM, variability independent of the mean index.
Data are shown as arithmetic mean± s.d. After the randomization, patients allocated to HD
group took the combination of 100 mg per day of irbesartan and 10 mg of amlodipine, and
those allocated to D group took the combination of 100 mg per day irbesartan and 5 mg
per day of amlodipine and 1 mg of indapamide.
P denotes the significance of difference between HD and D groups.

Table 3 Home blood pressure, heart rate and variability indexes

captured after randomization

HD group (n=62) D group (n=63) P

Systolic pressure
Average (mmHg) 134.4±12.1 131.3±13.2 0.17

s.d. (mmHg) 8.0±4.2 8.1±3.9 0.85

CV (unit) 5.9±3.1 6.2±3.0 0.66

VIM (unit) 7.9±4.1 8.0±4.0 0.84

MMD (mmHg) 19.8±10.9 19.9±10.3 0.99

ARV (mmHg) 8.9±4.7 9.1±5.2 0.85

Diastolic pressure
Average (mmHg) 80.7±10.3 79.2±9.7 0.42

s.d. (mmHg) 5.0±2.5 5.1±3.2 0.75

CV (unit) 6.2±3.0 6.5±4.0 0.58

VIM (unit) 4.9±2.4 5.1±3.2 0.69

MMD (mmHg) 12.3±6.5 12.7±8.6 0.74

ARV (mmHg) 5.4±2.7 5.5±3.5 0.88

Heart rate
Average (bpm) 71.4±10.2 69.5±11.4 0.32

s.d. (bpm) 4.6±2.7 5.4±3.0 0.14

CV (unit) 6.5±3.4 7.7±3.8 0.064

VIM (unit) 4.6±2.4 5.4±2.7 0.081

MMD (bpm) 11.4±6.8 13.3±7.6 0.14

ARV (bpm) 5.2±3.1 6.1±3.5 0.10

Abbreviations: ARV, average real variability; bpm, beat per minutes; CV, coefficient of variation;
MMD, maximum minus minimum difference; VIM, variability independent of the mean index.
Data are shown as arithmetic mean± s.d. After the randomization, patients allocated to HD
group took the combination of 100 mg per day of irbesartan and 10 mg of amlodipine, and
those allocated to D group took the combination of 100 mg per day irbesartan and 5 mg
per day of amlodipine and 1 mg of indapamide.
P denotes the significance of difference between HD and D groups.
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further antihypertensive effects were observed after an increased dose
of amlodipine from 5 to 10 mg.37 Rakugi et al.38 reported that
compared with the fixed-dose combination therapy, adding 12.5 mg
of hydrochlorothiazide, a thiazide diuretic, to the fixed-dose combina-
tion treatment of 50 mg of losartan and 5 mg of amlodipine resulted
in a significant reduction in clinic systolic blood pressure (3.2 mmHg;
95% CI, 0.8 to 5.7; P= 0.011) but did not significantly reduce diastolic
blood pressure (1.1 mmHg; 95% CI, − 0.6 to 2.7; P= 0.21). Recent
meta-analyses reported that indapamide, a thiazide-like diuretic, was
more potent39 and effective40 in preventing cardiovascular complica-
tions than thiazide diuretics. The addition of indapamide can be
effective for patients who do not achieve adequate blood pressure
control by conventional antihypertensive drugs, such as the combina-
tion of a low-to-moderate dose of angiotensin receptor blocker and
calcium channel blocker. Meanwhile, simplified treatment using fixed-
combination drugs is associated with an improvement in
adherence.10,41,42 Aimix HD, a fixed-dose combination of 100 mg
per day irbesartan and 10 mg per day amlodipine, might be useful in
terms of drug adherence in patients, even though treatment adherence
was not assessed in the present study.
Among blood chemistry profiles, significant differences in uric acid

and sodium, potassium and chloride levels between baseline and
3 months after randomization were observed in the D group (Table 4).
The changes in uric acid and serum electrolyte levels would be
considered as an adverse effect caused by diuretics. However, there
were no distinct hyperuricemia events such as gout attack reported
during the follow-up period. Changes in the electrolyte levels were also
within normal limits (−0.70 mEql l− 1, − 0.15 mEq l− 1 and − 1.68
mEq l− 1 for sodium, potassium and chloride, respectively). Although
changes in blood chemistry profiles may worry doctors, high blood
pressure is much more hazardous for cardiovascular disease risk
compared with these changes, as long as blood chemistry changes are
within normal limits. Recently, Higaki et al.41 reported that the adverse
events over a 41-year period among patients who were prescribed
antihypertensive polypills with 12.5 mg per day hydrochlorothiazide
were generally mild and well tolerated. Therefore, the impact
of diuretic use on laboratory profiles may be acceptable; however,

a long-term effect should be considered. Inaba et al.43 reported that
daily administration of 1 mg of indapamide resulted in increased uric
acid levels from 5.6 to 6.1 mg dl− 1 with a subsequent normalization to
5.8 mg dl− 1 while maintaining reduced clinic blood pressure levels
when the patient was switched to an every-other-day regimen of
indapamide. Extension of the oral medication interval may be an
option when such metabolic changes are observed.
The standard prices of 1 mg of indapamide, Aimix LD, and Aimix

HD in Japan are 11.4, 128.2 and 148.6 yen, respectively, as of February
2017.44 Total drug costs in the HD group vs. the D group were 139.6
and 148.6 yen per day, respectively; this is one factor in estimating
treatment adherence, along with the number of drugs and adverse
effects. Combination tablets are usually distributed at a lower price
than single agents;45 the standard prices of Irbesartan (100 mg),
amlodipine (5 mg) and amlodipine (10 mg) as generic medicines are
111.9, 20.0–26.2 and 32.1–40.7 yen, respectively.44 The use of
angiotensin receptor blocker-containing combination tablets reduces
the medication cost for patients,46 as long as the present drug pricing
system continues to support such an initiative.
The present findings must be interpreted with potential limitations

in mind. First, because this study was an open-label study, a potential
bias for the results cannot be ruled out. Second, 30 patients did not
measure blood pressure regularly during the follow-up period, and
data on 14 patients could not be used for analysis; therefore, only
125 of the 169 randomized patients were analyzed. Third, there may
be inter-institutional differences in clinic blood pressure measure-
ments, diagnoses of hypertension and treatments with drugs other
than antihypertensive agents, since these decisions were left to the
discretion of the physicians that participated in the study. Fourth,
patients who reached target blood pressure levels during the study
period were excluded before randomization, and the defined target
levels were not fully evidence-based, as noted in the Guidelines.18

Therefore, the rate of blood pressure control cannot be evaluated in
the present study even though this type of trial design has been used in
other studies when assessing antihypertensive drug combination
therapy.7,28,41 Finally, the drug dose in the present study was set, for
example, at 1 mg per day indapamide, which complies with the recent
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Figure 2 Daily levels of home systolic blood pressure after randomization
and exponential decay curves in the HD and D groups. Patients allocated to
the HD group (circle and dotted line) took the combination regimen of
100 mg per day irbesartan and 10 mg of amlodipine, and those allocated to
the D group (square and solid line) took the combination regimen of 100 mg
per day irbesartan, 5 mg per day amlodipine and 1 mg of indapamide. The
dotted line and solid line denote changes in systolic blood pressure in the
HD and D groups, respectively. The circle and square symbols denote blood
pressure averages of each day after randomization in the HD and D groups,
respectively.

Table 4 Changes in laboratory profile among HD (n=62) and

D (n=63) group

Group N° Baseline (visit 2) 3 months (visit 5) P

Uric acid (mg dl−1) HD 56 5.5±1.1 5.4±1.2 0.50
D 60 5.7±1.4 6.5±1.6† o0.0001

Sodium (mEq l−1) HD 57 142.2±1.8 142.1±1.7 0.28
D 59 141.9±2.2 141.3±2.1* 0.031

Potassium (mEq l−1) HD 57 4.3±0.4 4.2±0.4 0.28
D 59 4.2±0.3 4.1±0.4 0.0016

Chloride (mEq l−1) HD 57 105.0±2.2 105.0±2.4 40.99
D 59 104.8±2.3 103.1±3.0† o0.0001

FBG (mg dl−1) HD 55 117±29 113± 35 0.36
D 60 120±45 116±39 0.37

TC (mg dl−1) HD 57 194±35 191±37 0.79
D 59 189±32 191±41 0.49

LDL-C (mg dl−1) HD 57 112±31 109±31 0.54
D 59 105±26 110±35 0.16

HDL-C (mg dl−1) HD 57 56±16 58±17 0.40
D 59 60±17 62±18 0.30

Triglyceride (mg dl−1) HD 57 147 (100, 196) 120 (93, 176) 0.59
D 60 147 (109, 180) 139 (103, 183) 0.84

Abbreviations: FBG, fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; TC, total cholesterol.
Data are shown as arithmetic mean± s.d. except triglyceride as median (interquartile range).
Patients allocated to HD group took the combination of 100 mg per day of irbesartan and
10 mg of amlodipine, and those allocated to D group took the combination of 100 mg per day
irbesartan and 5 mg per day of amlodipine and 1 mg of indapamide. P denotes the significance
of difference from baseline. Significance of the difference between HD and D group.
*Po0.05 and †Po0.001.
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Japanese Guidelines;10 the results might have been different if the dose
of indapamide was 2 mg or higher or if other types of antihypertensive
drug classes were prescribed.
In conclusion, increased amlodipine dosage and the addition of

1 mg of indapamide were both effective treatment options for further
home and clinic systolic blood pressure reduction without any impacts
on blood pressure variability and heart rate among patients with
insufficient blood pressure control who use the combination regimen
of 100 mg per day irbesartan and 5 mg per day amlodipine. The results
suggest that both combination therapies may have similar antihyper-
tensive effects; however, further investigation is required regarding the
appropriate use of these drugs depending on various complications
associated with hypertension.
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