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Add-on effect of hydrochlorothiazide 12.5mg in
Japanese subjects with essential hypertension
uncontrolled with losartan 50mg and amlodipine 5mg

Hiromi Rakugi1, Takuya Tsuchihashi2, Kazuyuki Shimada3, Hirotaka Numaguchi4, Chisato Nishida4,
Hiroya Yamaguchi4, Masayoshi Shirakawa4, Kyoichi Azuma4 and Kenji P Fujita5

This study assessed the antihypertensive efficacy of a triple combination, fixed-dose therapy of losartan 50mg (L50)/

hydrochlorothiazide 12.5mg (H12.5)/amlodipine 5mg (A5) versus co-administration of L50 plus A5 (L50+A5) in Japanese

subjects with uncontrolled essential hypertension. Initially, all subjects received single-blind treatment with L50+A5 for 8 weeks.

Subjects whose blood pressure (BP) remained stable within pre-specified limits during the last 4 weeks of L50+A5

administration were randomized (n=327) to double-blind treatment with L50/H12.5/A5 or L50+A5 for 8 weeks. Primary and

secondary efficacy endpoints were mean change from baseline to Week 8 in trough diastolic BP (DBP) and trough systolic BP

(SBP), respectively. Safety was assessed throughout the study. The treatment difference for L50/H12.5/A5 versus L50+A5 in

mean change from baseline in DBP at Week 8 was −1.1mmHg (95% confidence interval (CI) −2.7, 0.6; P=0.205). However,

the treatment difference in mean change from baseline in SBP at Week 8 was −3.2mmHg (95% CI: −5.7, −0.8; P=0.011).

A chance imbalance in the change in DBP before randomization between groups was identified in a post-hoc analysis as a major

reason for the smaller-than-expected difference in DBP between groups. The overall safety profile was generally similar between

groups. In conclusion, treatment with L50/H12.5/A5 for 8 weeks did not demonstrate a significant difference in DBP reduction,

but demonstrated a nominally significant difference in SBP reduction, compared with L50+A5. L50/H12.5/A5 was well

tolerated. (ClinicalTrials.gov identifier NCT01302691.)
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INTRODUCTION

Approximately 43 million people in Japan suffer from hypertension.1

The majority require a combination of antihypertensive drugs to
achieve adequate blood pressure (BP) control. A cross-sectional study
conducted in more than 12400 Japanese subjects with hypertension in
2002 found that only 35% of subjects receiving combination therapy
with two or more drugs achieved target BP.2 In addition, in a survey of
661 subjects with hypertension conducted at a single center in Japan,
only 60% of subjects achieved BP target, although the average number
of antihypertensive drugs prescribed was 2.3.3 These results suggest
that drugs with stronger antihypertensive effects are needed.
The Japanese Society of Hypertension Guidelines for the Manage-

ment of Hypertension advocate the use of higher-dose or combination
therapy with two or three antihypertensive drugs (including a diuretic)
for patients who do not achieve BP targets on antihypertensive
monotherapy.1 However, adherence and persistence with

antihypertensive treatment is notoriously difficult, as patients often
have no notable symptoms of the disease but require life-long
treatment with multiple medications, and may experience adverse
reactions to drug therapy.4 In addition, many patients with hyperten-
sion often have comorbid conditions, such as diabetes and dyslipide-
mia, which require concomitant treatment with multiple agents.
Fixed-dose antihypertensive drug combinations offer benefits with

respect to BP control and compliance.5,6 A dual, fixed-dose, combina-
tion therapy containing the angiotensin receptor blocker losartan and
the thiazide diuretic hydrochlorothiazide has been available in Japan
since 2006 (PREMINENT; MSD K.K., Tokyo, Japan).
Synergistic antihypertensive effects and reduced drug-related

adverse events (AEs) might be expected with concomitant use of
losartan, hydrochlorothiazide and a calcium channel blocker as a
result of complementary mechanisms of action.7 In Japan, amlodipine
is the most frequently used calcium channel blocker, and concomitant

1Department of Geriatric Medicine and Nephrology, Osaka University Graduate School of Medicine, Suita, Japan; 2Hypertension Center, Steel Memorial Yawata Hospital,
Kitakyushu, Japan; 3Department of Internal Medicine and Cardiology, Shin-Oyama City Hospital, Oyama, Japan; 4MSD K.K., Tokyo, Japan and 5Merck & Co., Inc., Kenilworth,
NJ, USA
Correspondence: Dr H Rakugi, Department of Geriatric Medicine and Nephrology, Osaka University Graduate School of Medicine, 2-2 Yamadaoka, B6, Suita, Osaka 565-0871,
Japan.
E-mail: rakugi@geriat.med.osaka-u.ac.jp
Received 15 September 2014; revised 9 December 2014; accepted 12 December 2014; published online 26 February 2015

Hypertension Research (2015) 38, 329–335
& 2015 The Japanese Society of Hypertension All rights reserved 0916-9636/15
www.nature.com/hr

http://dx.doi.org/10.1038/hr.2015.3
mailto:rakugi@geriat.med.osaka-u.ac.jp
http://www.nature.com/hr


use of losartan and amlodipine is one of the recommended combina-
tion therapies in the Japanese Society of Hypertension 2014. This
study compared the antihypertensive efficacy of a triple-combination,
fixed-dose therapy of losartan 50mg (L50)/hydrochlorothiazide
12.5mg (H12.5)/amlodipine 5mg (A5) versus co-administration of
L50+A5 in Japanese subjects with essential hypertension uncontrolled
with L50+A5, to evaluate the incremental treatment effect with H12.5.

METHODS

This was a double-blind, randomized, controlled Phase III trial in Japanese
subjects with essential hypertension (protocol number P357; ClinicalTrials.gov
identifier NCT01302691), carried out at 30 sites in Japan between February
2011 and April 2012. The study was conducted in accordance with the
principles of Good Clinical Practice and the protocol was approved by the
appropriate institutional review boards. All subjects provided written informed
consent before entering the study.

Subjects
Japanese male and female subjects aged 20–80 years were considered eligible if
they had essential hypertension despite receiving a stable regimen of single or
dual antihypertensive therapy (up to the highest dose of a single agent, or
submaximal doses of dual therapy) for at least 4 weeks before the study.
Subjects were required to have a mean trough sitting diastolic BP (DBP) ⩾ 90
and o110mmHg, and systolic BP (SBP) ⩾ 140 and o200mmHg.
Subjects were excluded from the study if they were taking more than two

antihypertensive medications, had suspected secondary hypertension or had
any history/current evidence of malignant hypertension or hypertensive
encephalopathy. Subjects were also ineligible if they had history of clinically
significant or relevant cardiovascular disease, known syncopal disorder,
bleeding disorders, angioedema, progressive systemic lupus erythematosus,
clinically important malabsorption, gastrointestinal resection, malignancy in the
past 5 years, uncontrolled diabetes, gout and/or hyperuricemia, anemia,
thrombocytopenia, other blood dyscrasia, laboratory parameters out of pre-
specified limits, hypersensitivity to study drug components or related drugs,

psychiatric disorders, drug or alcohol abuse/dependence, dialysis, pregnancy or
lactation. Female subjects of childbearing potential agreed to remain abstinent
or use suitable contraception for the duration of the study.

Study design
The study consisted of a screening period of up to 4 weeks, an 8-week single-
blind filter period and an 8-week double-blind treatment period. Subjects were
randomized 1:1 to double-blind treatment using a computer-generated alloca-
tion schedule generated by the clinical biostatistics department of the study
sponsor by the permuted block method with a block size of four. Blinding was
maintained by means of concomitant administration of matching placebo.
Randomization was stratified by the study center.

Treatments
After an initial screening period of up to 4 weeks, eligible subjects discontinued
current antihypertensive therapy (tapering over 1 week if necessary) and
entered a single-blind filter period during which all subjects received L50+A5
once daily for 8 weeks. Subjects with ⩾ 75% compliance during the single-blind
period (based on patient report) were eligible for randomization to the 8-week
double-blind treatment period if their BP had remained within the pre-
specified screening limits and reduced by ⩽ 10mmHg (DBP) or ⩽ 20mmHg
(SBP) between weeks 4 and 8 of the single-blind period. Eligible subjects
were randomized to receive either a single fixed-dose combination tablet of
L50/H12.5/A5 or L50+A5 once daily in the morning for 8 weeks.

Assessments
BP and heart rate were measured at each clinic visit 24± 2 h after the last study
drug administration, with the patient having rested in a sitting position for at
least 10min. AEs, discontinuations, laboratory parameters, vital signs and
physical examination were assessed throughout the study and for up to 2 weeks
after the end of the double-blind period. Pre-specified safety events of interest
were as follows: hypotension reported as an AE; asymptomatic BP decrease
(DBP 415mmHg or SBP 430mmHg); orthostatic hypotension (change
from sitting to standing BP 420mmHg SBP or 410mmHg DBP with

Figure 1 Flow of subjects through the study. A5, amlodipine 5mg; AE, adverse event; H12.5, hydrochlorothiazide 12.5mg; L50, losartan 50mg.
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symptoms); dizziness; syncope; edema, worsening renal function (increase in
serum creatinine40.5mg dl− 1 from baseline); serum potassium45.5mEq l− 1

and an increase in serum potassium 40.5mEq l− 1 from baseline; serum
potassium o3.5mEq l− 1 and a decrease in serum potassium of 40.5mEq l− 1

from baseline; serum sodium o125mEq l− 1; consecutive elevations in
aspartate aminotransferase or alanine aminotransferase more than three times
the upper limit of normal; serum uric acid 48.4mg dl− 1 and elevation by 20%
from baseline. Compliance was assessed through patient reports (daily diary of
time and number of tablets administered) and confirmed by tablet count at
each visit.

Endpoints
The primary efficacy endpoint of the study was mean change from baseline in
trough sitting DBP with L50/H12.5/A5 compared with L50+A5 after 8 weeks.
The secondary efficacy endpoint was mean change from baseline in trough
sitting SBP with L50/H12.5/A5 compared with L50+A5 after 8 weeks.
Exploratory endpoints included the proportion of subjects responding to

treatment (subjects with sitting DBP o90mmHg or sitting DBP ⩾ 90mmHg
with reduction from baseline ⩾ 10mmHg at week 8) after 8 weeks of treatment
and change in mean trough sitting DBP and sitting SBP after 4 weeks of
treatment.

Statistical analysis
The primary population for the efficacy evaluation was the full analysis set
population, defined as all randomized subjects who received at least one dose of
the study medication and had at least one post-randomization observation after
at least one dose of the study medication. The primary and secondary efficacy
endpoints were analyzed using a constrained longitudinal analysis8 model with
terms for treatment, time and treatment-by-time interaction. Missing data were
not explicitly imputed. The week 4 results were also obtained from the same
model. Multiplicity across the primary and secondary efficacy endpoints was
adjusted using a sequential (step-down) testing procedure.
For the analysis of the proportion of responders at week 8, five sets of

imputations were made with missing data imputed, based on the constrained
longitudinal analysis model above. Each of the imputed data sets was analyzed
using a logistic regression with a term for treatment and baseline mean trough
sitting DBP as a covariate. Parameter estimates on log odds ratio were
combined using the asymptotic theory of Robins and Wang,9 with Kenward
and Roger10 degrees of freedom used to construct the confidence interval (CI)
and calculate the P-value.
Safety analysis was performed in the all-subjects-as-treated population, which

was defined as all randomized subjects who received at least one dose of study
treatment. P-values and 95% CIs for between-treatment differences in the
percentage of subjects with pre-specified safety events of interest were calculated
using the method of Miettinen and Nurminen.11 All other AEs and safety
events were assessed via point estimates with 95% CIs for between-group
comparisons or point estimates by treatment group. All statistical tests were
two-sided with a significance level of 5%.
It was planned that 326 subjects would be randomized equally to treatment

with L50/12.5/A5 or L50+A5 to ensure 146 completers per treatment arm.
This sample size was designed to detect a between-treatment difference of
− 2.9 mmHg (s.d. estimate 7.6) and − 4.7mmHg (s.d. 12.2) in mean trough
sitting DBP and SBP, respectively, with 90% power, all at a two-sided
significance level of 0.05. The power calculation was based on the inverse
probability-weighted complete cases approach described by Lu et al.,12

assuming a rate of discontinuation of 10%.
All statistical analyses were performed by the Clinical Biostatistics

Department of MSD K.K.

RESULTS

Subjects
The flow of subjects through the study is shown in Figure 1. In total,
707 subjects were screened. Of these, 327 subjects were randomized to
double-blind treatment with L50/H12.5/A5 (n= 164) or L50+A5
(n= 163). All 327 subjects were included in both the full analysis set
and all-subjects-as-treated populations. Baseline characteristics were
generally comparable between treatment groups (Table 1). Average
compliance was 99.5% in each group and no instance of patient
compliance was o75%.

Efficacy
The treatment difference for L50/H12.5/A5 versus L50+A5 in mean
change from baseline in trough sitting DBP at week 8 was
− 1.1mmHg (95% CI − 2.7, 0.6; P= 0.205; Table 2). The reduction
in trough sitting DBP was numerically greater with L50/H12.5/A5 than
with L50+A5, but not statistically significant. The treatment difference
in mean change from baseline in trough sitting SBP was − 3.2mmHg
(95% CI − 5.7, − 0.8; P= 0.011; Table 2). The reduction in trough
sitting SBP was greater with L50/H12.5/A5 than with L50+A5 and
achieved nominal significance, although statistical significance could

Table 1 Baseline characteristics by treatment group

L50+A5 L50/H12.5/A5 Total

Subjects in population 163 164 327

Gender, n (%)
Male 122 (74.8) 131 (79.9) 253 (77.4)

Female 41 (25.2) 33 (20.1) 74 (22.6)

Age (years)
Mean 55.4 54.9 55.2

s.d. 10.1 9.4 9.7

Age group, n (%)
o65 years 131 (80.4) 142 (86.6) 273 (83.5)

⩾65 years 32 (19.6) 22 (13.4) 54 (16.5)

Body weight (kg)
Mean 74.0 72.4 73.2

s.d. 15.0 12.4 13.7

Baseline DBP (sitting), n (%)
o100mmHg 121 (74.2) 135 (82.3) 256 (78.3)

⩾100mmHg 42 (25.8) 29 (17.7) 71 (21.7)

Baseline serum uric acid, mg dl−1

Mean 5.6 5.5 5.6

s.d. 1.3 1.2 1.3

Type 2 diabetes mellitus, n (%)
Yes 18 (11.0) 24 (14.6) 42 (12.8)

No 145 (89.0) 140 (85.4) 285 (87.2)

Dyslipidemia, n (%)
Yes 68 (41.7) 64 (39.0) 132 (40.4)

No 95 (58.3) 100 (61.0) 195 (59.6)

Years of hypertension
Mean 7.8 7.3 7.5

s.d. 7.8 6.5 7.2

Number of prior antihypertensive medicationsa

1 44 (27.0) 34 (20.7) 78 (23.9)

2 119 (73.0) 130 (79.3) 249 (76.1)

Abbreviations: A5, amlodipine 5mg; DBP, diastolic blood pressure; H12.5, hydrochlorothiazide
12.5mg; L50, losartan 50mg.
aNumber of hypertensive medications during the past 7 days of pre-filter visit (Visit 2).
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not be declared due to the pre-specified strategy for multiplicity
adjustment.
The estimated treatment differences between L50/H12.5/A5 and

L50+A5 in mean change from baseline in trough sitting DBP and
SBP at week 4 were − 1.5mmHg (95% CI − 3.0, − 0.0; P= 0.049)
and − 2.7 mmHg (95% CI − 4.9, − 0.5; P= 0.014), respectively
(Supplementary Table 1). The proportion of subjects responding to
treatment after 8 weeks was 68.3% (95% CI 60.8, 74.9) in the L50/
H12.5/A5 group and 62.1% (95% CI 54.4, 69.2) in the L50+A5 group.
The odds ratio of responding to treatment was 1.18 (95% CI 0.73,
1.90; P= 0.510).
A substantially larger mean increase in trough sitting DBP

was observed during the last 4 weeks of the 8-week filter period
before randomization with the L50+A5 group, compared with the
L50/H12.5/A5 group (3.5 versus 1.8 mmHg, respectively; Figure 2 and
Supplementary Table 2). Incidentally, subjects who experienced a
greater increase in trough sitting DBP before randomization had a
greater decrease in trough sitting DBP after randomization to week 8
(Supplementary Figure 1).
Two post-hoc efficacy analyses were performed. In the first,

a post-hoc analysis using a constrained longitudinal analysis model
with additional factors of change in trough sitting DBP during the last
4 weeks of the filter period and its interaction with time resulted in a
least squares mean difference (95% CI) in trough sitting DBP of − 1.5
(−3.1, 0.1) mmHg for the entire full analysis set population and − 1.6
(−3.3, 0.1) mmHg for subjects with change in mean trough sitting

SBP/DBP within 20/10mmHg before randomization (Supplementary
Table 3). When baseline DBP was defined as the average of the two
sitting DBP measurements before randomization in the primary
constrained longitudinal analysis model (the second post-hoc analysis),
least squares mean (95% CI) was − 1.8 (−3.4, − 0.2) mmHg for the
entire full analysis set population and − 2.0 (−3.8, − 0.3) mmHg in
subjects with change in mean trough sitting SBP/DBP within
20/10mmHg before randomization (Supplementary Table 4).

Safety
A similar proportion of subjects experienced AEs in each treatment
group (Table 3 and Supplementary Table 5). One subject in each
treatment group experienced a serious AE. In the L50/H12.5/A5
treatment group, one subject experienced clavicle fracture,
pneumothorax and rib fracture (not considered drug related); in the
L50+A5 treatment group, one subject died (sudden cardiac death),
also not considered drug related. More subjects receiving L50/H12.5/
A5 (11.6%) experienced drug-related AEs than in the L50+A5 group
(3.7%); however, the only drug-related AE with an incidence ⩾ 2%
was an increase in serum uric acid (L50/H12.5/A5: 7/164 patients
(4.3%), L50+A5: 2/163 patients (1.2%)). Two subjects taking
L50/H12.5/A5 discontinued due to AEs, compared with none in the
L50+A5 group. Discontinuations were a result of a non-serious AE
(hypokalemia, which was considered to be drug related) and a serious

Table 2 Change from baseline in mean trough sitting DBP and SBP (mmHg) at week 8 (FAS population)

Change from baseline at week 8

Baseline mean

(s.d.)

Week 8 mean

(s.d.) Mean (s.d.) LS mean (s.e.) 95% CI

Pairwise comparison for

difference in LS means (95% CI) P-value

DBP
L50+A5 (n=163) 96.3 (4.3) 88.2 (9.2) −8.1 (7.8) −8.0 (0.6) (−9.1, −6.8) −1.1 (−2.7, 0.6) 0.205

L50/H12.5/A5 (n=164) 95.3 (4.3) 86.2 (7.8) −9.1 (7.2) −9.1 (0.6) (−10.2, −7.9)

SBP
L50+A5 (n=163) 150.3 (8.3) 140.0 (12.3) −10.2 (11.9) −10.2 (0.9) (−12.0, −8.4) −3.2 (−5.7, −0.8) 0.011

L50/H12.5/A5 (n=164) 149.9 (9.8) 136.2 (13.1) −13.5 (11.5) −13.4 (0.9) (−15.2, −11.6)

Abbreviations: A5, amlodipine 5mg; CI, confidence interval; DBP, diastolic blood pressure; FAS, full analysis set; H12.5, hydrochlorothiazide 12.5mg; L50, losartan 50mg; LS, least squares;
SBP, systolic blood pressure.

Figure 2 Change from week 0 baseline in mean trough sitting DBP. A5
amlodipine 5mg; DBP, diastolic blood pressure; H12.5, hydrochlorothiazide
12.5mg; L50, losartan 50mg.

Table 3 Number (%) of patients experiencing AEs (ASaT population)

L50+A5

(n=163)

L50/H12.5/A5

(n=164)

⩾1 AE 47 (28.8) 50 (30.5)

No AE 116 (71.2) 114 (69.5)

Drug-related AE 6 (3.7) 19 (11.6)

Serious AE 1 (0.6) 1 (0.6)

Serious drug-related AE 0 (0) 0 (0)

Died 1 (0.6) 0 (0)

Discontinued due to AE 0 (0) 2 (1.2)

Discontinued due to drug-related AE 0 (0) 1 (0.6)

Discontinued due to serious AE 0 (0) 1 (0.6)

Discontinued due to serious

drug-related AE

0 (0) 0 (0)

Abbreviations: A5, amlodipine 5mg; AE, adverse event; ASaT, all-subjects-as-treated; H12.5,
hydrochlorothiazide 12.5mg; L50, losartan 50mg.
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AE (the patient with clavicle fracture, pneumothorax and rib fracture,
which was not considered to be drug related).
There was no statistically significant difference between the treat-

ment groups in terms of percentage of subjects experiencing any pre-
specified safety events of interest (Table 4). However, the percentage of
subjects with serum uric acid 48.4 mg dl− 1 and elevation by 420%
from baseline was numerically greater, although not statistically
significantly greater, in the L50/H12.5/A5 group (3.7%) than the
L50+A5 group (0.6%), P= 0.058. Mean baseline serum uric acid (s.d.)
in the L50+A5 (n= 163) and L50/H12.5/A5 (n= 163) groups was 5.6
(1.3) and 5.5 (1.2) mg dl− 1, respectively, and the change from baseline
at 8 weeks was − 0.01 (0.6) and 0.6 (0.8) mg dl− 1, respectively.

DISCUSSION

The present study did not demonstrate a significant difference in DBP
reduction with L50/H12.5/A5 for 8 weeks compared with L50+A5, but
demonstrated a nominally significant difference in SBP reduction
compared with L50+A5. L50/H12.5/A5 was well tolerated with a
similar AE profile to L50+A5.
The efficacy findings were somewhat unexpected as other triple-

combination, fixed-dose therapies containing hydrochlorothiazide and
amlodipine with olmesartan, valsartan, or aliskiren have shown greater
BP-lowering activity compared with dual combination therapy with
any two of their components in subjects with stage-2 hypertension
(albeit when administered at maximum doses of each component).13

A recent study in Japanese subjects with uncontrolled essential
hypertension compared L50/H12.5/A5 with a dual fixed-dose combi-
nation therapy with L50/H12.5 and showed that mean trough sitting
DBP was reduced to a significantly greater extent over 8 weeks in
subjects treated with L50/H12.5/A5 (Po0.001).14 The current trial
results are not consistent with these prior studies. Therefore, we
explored potential reasons for this inconsistency.
In the present study, the treatment difference in the primary efficacy

endpoint of change from baseline in mean trough sitting DBP at week
8 was smaller than expected and superiority of L50/H12.5/A5 versus
L50+A5 group was not demonstrated. Even though there was a
difference of 1 mmHg between the two groups in mean sitting DBP at
baseline (L50/H12.5/A5: 95.3± 4.3 mmHg, L50+A5: 96.3± 4.3 mm-
Hg), the analysis model adjusts for baseline by placing a constraint

that the true baseline mean is equal between treatments. Hence, it is
unlikely that the smaller-than-expected treatment difference is due to
the imbalance in mean DBP at baseline. Instead, it may be due to a
large variability in BP during the last 4 weeks of the 8-week filter
period before randomization (Figure 2). Compared with the primary
analysis, the post-hoc analysis adjusting for the DBP change during the
last 4 weeks of the filter period resulted in a slightly larger treatment
difference in DBP change (Supplementary Table 3). The post-hoc
analysis with baseline defined as the average of the two sitting DBP
measurements before randomization also resulted in a greater treat-
ment difference in DBP change compared with the difference from the
primary analysis (Supplementary Table 4). These findings suggest that
the variability in DBP during the pre-randomization period was not
fully controlled by defining the single timepoint of the randomization
visit alone as baseline, which could be considered a limitation of the
present study.
Data from post-hoc analyses are consistent with observations in

previous factorial studies that have demonstrated the additional
hydrochlorothiazide efficacy in addition to angiotensin receptor
blocker plus calcium channel blocker.14 Therefore, it remains plausible
that the addition of H12.5 to L50 and A5 will have the potential to
contribute to a reduction in mean trough DBP beyond the values
obtained in this study.
The current study also investigated the effect of L50/H12.5/A5

compared with L50+A5 on mean trough sitting SBP. SBP is important
as an independent and strong predictor of risk of cardiovascular and
renal disease.15 A nominally significant estimated difference between
groups in mean change from baseline in sitting SBP at week 8 in favor
of L50/H12.5/A5 was demonstrated (Table 2).
The favorable safety profile of dual therapy with amlodipine/

losartan or losartan and hydrochlorothiazide has been previously
reported in Japanese hypertensive subjects.16–19 The current study
revealed a comparable safety and tolerability profile for L50/H12.5/A5
compared with dual L50+A5. Over the 8-week double-blind phase of
the study, the overall safety profile of the two treatment regimens was
generally similar. A greater proportion of subjects receiving L50/
H12.5/A5 than L50+A5 experienced AEs that were deemed to be drug
related (11.6% versus 3.7%); however, none of these AEs were serious
and there was no statistically significant difference between the

Table 4 Number (%) of tier 1 safety events and estimated difference between treatment groups (ASaT population)

Difference in % between

treatment groups

L50+A5 (n=163) L50/H12.5/A5 (n=164) Estimate (95% CI) P-value

Hypotension 0 (0) 0 (0) 0.0 (−2.3, 2.3) 1.000

Blood pressure decreased 32 (19.6) 30 (18.3) −1.3 (−9.9, 7.2) 0.758

Orthostatic hypotension 0 (0) 0 (0) 0.0 (−2.3, 2.3) 1.000

Dizziness 1 (0.6) 0 (0) −0.6 (−3.4, 1.7) 0.316

Syncope 0 (0) 0 (0) 0.0 (−2.3, 2.3) 1.000

Edema 0 (0) 0 (0) 0.0 (−2.3, 2.3) 1.000

Worsening renal function 0 (0) 1 (0.6) 0.6 (−1.7, 3.4) 0.319

Serum potassium 45.5mEq l−1 and an increase by 40.5mEq l−1 from baseline 0 (0) 0 (0) 0.0 (−2.3, 2.3) 1.000

Serum potassium o3.5mEq l−1 and a decrease by 40.5mEq l−1 from baseline 1 (0.6) 2 (1.2) 0.6 (−2.3, 3.8) 0.566

Serum sodium o125mEq l−1 0 (0) 0 (0) 0.0 (−2.3, 2.3) 1.000

Consecutive elevations in AST 43×ULN 1 (0.6) 1 (0.6) −0.0 (−2.8, 2.8) 0.997

Consecutive elevations in ALT 43×ULN 1 (0.6) 2 (1.2) 0.6 (−2.3, 3.8) 0.566

Serum uric acid 48.4mg dl−1 and elevation by 420% from baseline 1 (0.6) 6 (3.7) 3.0 (−0.1, 7.2) 0.058

Abbreviations: A5, amlodipine 5mg; ALT, alanine aminotransferase; ASaT, all-subjects-as-treated; AST, aspartate aminotransferase; CI, confidence interval; H12.5, hydrochlorothiazide 12.5mg;
L50, losartan 50mg; ULN, upper limit of normal.
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treatment groups in terms of the percentage of subjects experiencing
any pre-specified safety events of interest. Although assessment of
safety in this study was limited by the short duration (8 weeks), the
long-term (1-year) safety of L50/H12.5/A5 has previously been
demonstrated in a similar population of Japanese subjects with
uncontrolled essential hypertension.14 In general, triple-combination,
fixed-dose drugs have been shown to be well tolerated with a low
incidence of AEs, the most common being peripheral edema related to
amlodipine.13

Historically, diuretic use in Japan has remained low due to concerns
about negative effects on metabolic parameters.2,17 In the present
study, the percentage of subjects with elevated serum uric acid levels
was greater in the L50/H12.5/A5 group than in the L50+A5 group.
The characteristic serum uric acid-excreting effect of losartan might
have been expected to offset hyperuricemia typically associated with
hydrochlorothiazide as observed in other studies. Indeed, during the
PALM-1 Extension Study, a 3-year safety analysis of a dual fixed-dose
losartan/hydrochlorothiazide combination in Japanese subjects
with uncontrolled hypertension, the losartan/hydrochlorothiazide
combination appeared to minimize diuretic-related AEs.18

Despite this, small numbers of subjects did experience AEs, such as
hypokalemia or hyperuricemia, and careful monitoring of blood
parameters is required. Interestingly, a recent study comparing
dual fixed-dose combinations of losartan/hydrochlorothiazide and
losartan/amlodipine in Japanese subjects with uncontrolled hyperten-
sion found that losartan/hydrochlorothiazide was associated with
significantly increased serum uric acid; however, this effect was only
evident in those subjects with low baseline serum uric acid levels
(o5.6mg dl− 1).20 Notably, subjects in the present study had baseline
serum uric acid levels of 5.5–5.6 mg dl− 1.
In conclusion, the present study has demonstrated a numerically

greater but not statistically significant DBP reduction with L50/H12.5/
A5 versus L50+A5, and a nominally significant SBP reduction with
L50/H12.5/A5 versus L50+A5 in Japanese subjects. The triple combi-
nation therapy was well tolerated.
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