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One-year effectiveness and safety of open-label
losartan/hydrochlorothiazide combination therapy
in Japanese patients with hypertension uncontrolled
with ARBs or ACE inhibitors

Toshihiro Kita1, Naoto Yokota2, Yoshinari Ichiki3, Takao Ayabe4, Takuma Etoh5, Noboru Tamaki6, Johji Kato7,
Tanenao Eto8 and Kazuo Kitamura1, for the PALM-1 study investigators

The long-term antihypertensive efficacy and safety of losartan/hydrochlorothiazide (HCTZ) combinations have not been

appropriately evaluated in Japan. In this study, treated hypertensive patients taking angiotensin-receptor blocker (ARB) or

angiotensin-converting enzyme inhibitor (ACEI) regimens not at blood pressure (BP) goals proposed by the Japanese Society

of Hypertension (JSH) were switched to losartan/HCTZ combinations and followed for 1 year. Data analysis included 244 patients

aged 64.5±10.7 years, 56% male, 27% with diabetes mellitus and 36% with dyslipidemia. Pre-switching BP 157±16/

88±10mmHg promptly decreased and maintained a steady state, reaching 132±15/77±9mmHg (Po0.001) 1 year later.

After 1 year of treatment, 50% of patients cleared the goals of the JSH guideline for systolic BP and 79% for diastolic BP.

Patients with maximal doses of ARBs tended to show larger decreases in BP (159±11/90±10 to 128±10/75±8mmHg,

Po0.001, n¼32). Clinical and laboratory adverse events were reported for 29 patients (11%), but serious abnormalities were

not observed. In particular, plasma levels of uric acid (UA) were well-maintained for 1 year, and significant decreases in UA

were observed in patients with higher levels of UA (X7.0mgdl�1). Losartan/HCTZ combinations showed strong and steady

hypotensive abilities and acceptable safety and tolerability in patients currently not at BP goals with regimens including ARBs

or ACEIs in Japan.
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INTRODUCTION

Guidelines for hypertension treatment, including those of the Japanese
Society of Hypertension (JSH), have recommended strict blood
pressure (BP) control, with the aim of improving protection against
cardiovascular and renal accidents.1,2 However, considerable numbers
of hypertensive patients have not achieved the recommended goals of
BP in Japan.3 The JSH guideline recommends angiotensin-receptor
blockers (ARBs), angiotensin-converting enzyme inhibitors (ACEIs),
Ca2+ channel blockers (CCB), b-blockers and diuretics as first-line
drugs for hypertensive treatment.1 The guideline also recommends
appropriate combinations of the drugs, in particular low-dose (quarter
to half dose) diuretics are recommended as an important candidate
for satisfactory BP control.1 However, the prescribing rate of diuretics
was quite low (under 10%) in cases of monotherapy or combination
therapy for hypertension in Japan.4 The principal reason for reluc-

tance to prescribe thiazide diuretics is the metabolic side effects of the
drugs. However, low-dose thiazide diuretics retain their hypotensive
abilities with minimal side effects.5 Therefore, proper application of
low-dose diuretics, particularly in combination therapies, is desirable
in Japan to improve BP control.
A fixed dose combination of losartan (50mg)/hydrochlorothiazide

(HCTZ, 12.5mg) (Preminent; Banyu/Merck, Tokyo, Japan) is the first
combination of an ARB and a diuretic for hypertensive treatment in
Japan, and is expected to be effective and safe from the pharmaco-
logical properties of both drugs. However, limited data were available
on the combination drug in Japan, especially with regard to long-term
treatment, large numbers of patients and its use in a clinical setting.6–8

We organized a study group mainly consisting of clinical physicians in
Miyazaki Prefecture in Japan (Preminent Assigned League in Miyazaki
by Primary care physicians: PALM-1 study group), and evaluated the
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efficacy and safety of the fixed combination of losartan/HCTZ for
patients with essential hypertension for 1 year.

METHODS

Study subjects
This study was conducted at 43 centers for the PALM-1 study group

(Appendix). Patients with essential hypertension (20–79 years old) were

considered for screening and potential recruitment into the trial. They had

visited the attending clinics from February 2007 to March 2008 and had not

reached BP goals with antihypertensive therapy regimens, including ARBs or

ACEIs, but not diuretics, over 1 month. Patients were excluded from the study

if there was any evidence of secondary hypertension, renal failure (serum

creatinine X2.0mg dl�1), severe liver dysfunction and symptomatic heart

failure (New York Heart Association functional class-III or IV for dyspnea at

exertion). Patients with concomitant use of two or more ARBs and/or ACEIs

and any type of diuretics were also excluded.

Study protocol
The study was conducted in accordance with the principles of the declaration of

Helsinki. The investigational protocol was approved by the ethics committee

for human studies at the University of Miyazaki. Informed consent was

obtained from all patients prior to recruitment.

This was an open-label, multicenter study consisting of a 3-month screen-

ing/baseline period and 1-year treatment period. Under antihypertensive

treatment with regimens including ARBs or ACEIs, at least two BP measure-

ments were conducted within 3 months of the baseline period to confirm

baseline BP measurements were over the recommended BP goals of the JSH.

The BP goals were 130/85mmHg for patients aged less than 65 years, 140/

90mmHg for those aged 65 years or more, 130/80mmHg for patients with

diabetes and/or chronic kidney disease and/or history of myocardial infarction,

and 140/90mmHg for patients with a history of stroke.1 After screening 311

patients, 266 entered the trial. Then only ARBs or ACEIs were switched to the

fixed dose combination of losartan/HCTZ and patients were followed for 1

year. Changed prescriptions were kept for the initial 3 months and then, if

needed, adjustments of antihypertensive drugs were allowed except for ARBs,

ACEIs and diuretics. Symptoms, sitting BP, pulse rate and blood tests, including

potassium, uric acid (UA), lipid profile, creatinine, glucose, hemoglobin-A1c

(HbA1c, diabetic patients only), were evaluated every 3 months. Major

complications were also evaluated. The criteria for diabetes and dyslipidemia

were as follows: diabetes, using antiglycemic drugs or fasting blood glucose

X126mgdl�1; dyslipidemia, using lipid-lowering drugs or total cholesterol

X220mgdl�1 and/or high-density lipoprotein-cholesterol o40mgdl�1, and/

or triglyceride X150mgdl�1.

Statistical analysis
All data are expressed as mean±s.d. The significance of differences was

evaluated by one-factor analysis of variance with repeated measures on the

time course of variables followed by Bonferroni/Dunn post hoc comparison

tests. Comparisons of parameters among subgroups were made by unpaired

Dunnet’s C-test or analysis of variance followed by Scheffe’s post hoc compar-

ison test. P-value o0.05 was the criterion for statistical significance.

RESULTS

As indicated in Figure 1, 22 of the 266 enrolled patients dropped out
within the first 3 months. The remaining 244 patients were considered
as full analytical objects. Finally, 222 patients completed the entire trial
and were used for evaluation of efficacy.
The baseline characteristics of the study population are summarized

in Table 1. Patients’ age was 64.5±10.7 years, 56% were male and
major complications included 27% of patients with diabetes, 36%
with dyslipidemia and 18% with mild heart failure. Pre-prescribed
ARBs or ACEIs were well distributed from among drugs on the market
and, noteworthy, the average doses per day of the drugs were very
close to the usual dosage of each drug (Table 1). ARBs or ACEIs were

used as monotherapy for 93 patients (38%) and as combined therapy,
mainly with CCB, for 151 patients (62%). Other pre-prescribed drugs
were as follows and these drugs were not altered after introduction of
the losartan/HCTZ combination: antiglycemic drugs for 38 of 266
patients (37 of 222), lipid-lowering drugs for 58 of 266 (53 of 222) and
UA-lowering drugs for 14 of 266 (14 of 222).
The time course of BP in all patients is illustrated in Figure 2. Baseline

BP 157±16/88±10mmHg significantly decreased to 134±14/
77±9mmHg at 3 months (Po0.001) (fixed prescription period), and
then steady levels were maintained throughout the remaining treatment
period. The respective goals of BP were cleared by 50% of the patients for
systolic BP and 79% of the patients for diastolic BP in the final assessment
1 year later. Interestingly, 32 of 222 patients who were switched from the
maximum dose of ARBs showed a similar to larger decrease in BP

Analytical Object n=244

• withdrew consent n=2

• not eligible  n=43

• protocol violation n=10

• stop drug (within 3M) n=7

• lost to follow up (within 3M) n=5

Screened n=311

Received Study Drug n=266

Completed Study n=222

• with no blood pressure value for the
12th month n=22

Figure 1 Patient disposition and reasons for exclusion.

Table 1 Baseline characteristics (n¼244)

Variable Value Average doses (mgday�1)

Age (years) 64.5±10.7

Male (n) 136 (56%)

Body mass index (kg m�2) 25.2±5.6

Waist circumference (cm) 85.9±8.6

Obesity (n) 110 (48%)

Diabetes (n) 66 (27%)

Dyslipidemia (n) 88 (36%)

Heart diseases (n) 43 (18%)

Renal insufficiency (n) 8 (3%)

Antihypertensives (n)

One drug 93 (38%)

Over two drugs 151 (62%)

Pre-prescribed drugs (n)

Valsartan 68 (28%) 88.8±40.1

Candesartan 54 (22%) 8.4±2.2

Losartan 34 (14%) 51.5±8.6

Telmisartan 32 (13%) 40.3±10.0

Olmesartan 31 (13%) 22.6±8.6

ACE inhibitors 25 (10%)

Abbreviation: ACE, angiotensin-converting enzyme.
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as compared with patients with low-to-medium dose of ARBs
(Figure 3). There was a significant difference in the changes of BP
from 3 months to 1 year between patients switched from low-
to-medium dose of ARBs and maximum dose of ARBs (at 1 year:
systolic BP, 23±19 vs. 31±13mmHg, P¼0.005; diastolic BP, 10±11
vs. 15±10mmHg, P¼0.027). As shown in Figure 4, similar and
significant decreases in systolic and diastolic BP were achieved in all
patients grouped based on pre-prescribed drugs at 1 year. Also there
was no difference in BP changes among all ARBs and ACEI-receiving
patients. The systolic and diastolic BPs at 0 and 12 month (changes
of the BPs) for each drug were as follows: losartan, 154±17
to 135±10mmHg (�19±17mmHg, Po0.001) and 87±11 to
78±8mmHg (�9±10mmHg, Po0.001); candesartan, 156±14
to 131±14mmHg (�24±17mmHg, Po0.001) and 87±9 to
76±9mmHg (�11±10mmHg, Po0.001); valsartan, 160±16
to 134±13mmHg (�26±18mmHg, Po0.001) and 89±9 to
77±8mmHg (�12±10mmHg, Po0.001); telmisartan, 156±17

to 132±20mmHg (�24±15mmHg, Po0.001) and 85±12 to
75±11mmHg (�10±8mmHg, Po0.001); olmesartan, 153±18
to 129±14mmHg (�24±24mmHg, Po0.001) and 88±15 to
77±10mmHg (�11±15mmHg, Po0.001); and ACEIs, 159±16
to 133±19mmHg (�26±20mmHg, Po0.001) and 87±9 to
76±12mmHg (�11±12mmHg, P¼0.001). There were very limited
number of alterations in antihypertensive drugs after 3 months (8 of
222): two terminations of CCBs, one decrease of CCB, four introduc-
tions of low doses of CCBs for patients receiving low-to-medium dose
of ARBs and one introduction of atenolol (12.5mg) for a patient with
maximum dose of ARBs.
To determine the difference in receptivity to losartan/HCTZ

between specific backgrounds of the patients, we compared BP
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changes at 1 year for various subgroups. However, there was no
difference among the subgroups and specific factors contributing to
resistance against losartan/HCTZ were not detected. For example, if
patients are grouped according presence (+) or absence (�) of
diabetes (D) and obesity (O) (body mass index, X25 kgm�2),
decreases in systolic BP were 24±18mmHg (D+/O+, n¼35),
23±17mmHg (D+/O�, n¼27), 24±15mmHg (D�/O+, n¼63)
and 25±21mmHg (D�/O�, n¼97). This indicates that the losar-
tan/HCTZ combination is effective even for patients with diabetes and
obesity.
Remarkable changes were not observed in metabolic parameters

after 1 year of treatment with losartan/HCTZ. Figure 5 shows changes
in UA levels in all patients (5.46±1.43 to 5.62±1.43mgdl�1) and
subgroups with high levels of UA at baseline and others. UA level
was slightly increased in patients with relatively low levels of UA
(UAo 7.0mg dl�1, middle panel): 5.02±1.11 to 5.37±1.34mgdl�1

(Po0.001). But, interestingly, UA level was significantly decreased
in patients with high level of UA (UAX 7.0mgdl�1, right panel):
7.66±0.57 to 6.88±1.16mgdl�1 (P¼0.004). Other changes (month
0 to 12) concerning parameters in blood tests are summarized in
Table 2.
Adverse events were observed in 29 of 266 patients (10.9%) who

received the losartan/HCTZ combination, including accidental events,
and 16 (5.4%) discontinued the losartan/HCTZ combination, while

the remaining 13 patients continued receiving the drug. Among the 16
patients who discontinued, 13 events (4.9%) were considered possibly,
probably or definitely drug-related. Laboratory abnormalities were
observed for 13 patients. The 13 drug-related adverse events included
three cases of hypokalemia, two patients who complained of skin rash,
one patient who suffered photosensitive dermatoses, worsening of
diabetes in one patient and excessive BP depression in six patients.
Four patients of 266 discontinued the losartan/HCTZ combination
because of patient circumstances or requests, without adverse events.
No death occurred during the study.

DISCUSSION

Only 42% of hypertensive patients reached the guideline BP goals in
the J-HOME (Japan Home versus Office Blood Pressure Measurement
Evaluation) study.3 Mori et al.4 reported that hypertensive patients
attaining BP under 140/90mmHg by monotherapy were limited to
34.0% with ARBs and 40.3% with CCBs. Additionally, strict BP goals
(130/80mmHg) are recommended for hypertensive patients with
diabetes, chronic kidney disease and old myocardial infarction.1

Addition of low-dose diuretics is recommended as a key combination
therapy for better BP control in the JSH guideline.1 However, the
prescription rate of diuretics remains low in Japan, for example, 9.3%
in the J-HOME study.9 Additionally, combination therapy with
diuretics seems to contribute to organ protection. Many large-scale
clinical trials have shown organ-protective effects of losartan, and,
importantly, the majority of patients in these trials concomitantly used
diuretics, for example, 72% in the LIFE (Losartan Intervention For
Endpoint) trial and 84% in the RENAAL (Reduction of Endpoints in
NIDDM with the Angiotensin-II Antagonist Losartan) trial.10,11

Therefore, an acceptable and safe way to introduce low doses of
diuretics for hypertension therapy is desirable in Japan.
The losartan/HCTZ combination is composed of losartan, which

displays superior activity under the activated renin–angiotensin sys-
tem12 and a thiazide-diuretic that activates renin–angiotensin system
through a diuretic effect,13 so this combination is expected to be
efficient in BP lowering by the synergistic effect of both the drugs. In
this study, BP was decreased by 23±17/11±10mmHg at 3 months
and 24±18/11±11mmHg at 12 months after switching from ARBs
or ACEIs alone to the losartan/HCTZ combination for patients who
did not reach the BP goal with regimens including ARBs or ACEIs.
Similar decreases in BP were observed with all types of pre-prescribed
ARBs and ACEIs (Figure 4), and thus these strong and steady
decreases in BP seem to depend on the HCTZ ‘add-on’ effect. Salt
intake of the Japanese is relatively high,14 and thus excess salt may
suppress the renin–angiotensin system and disturb the ability of ARBs
or ACEIs. In particular, this possibility seems high for patients whose
BP was not satisfactorily suppressed by ARBs or ACEIs. Alternatively,
HTCZ probably works well in that situation, and this possibility is
indirectly supported by evidence that patients pre-using the maximum
dose of ARBs showed larger decreases in BP than those using the low-
to-medium dose of ARBs following introduction of the losartan/
HCTZ combination (Figures 2 and 3). Also this synergistic effect is
effective in a comprehensive range of patients; over 90% of patients
showed meaningful reductions in diastolic BP (X10mmHg) and
79% of patients reached the BP goals of the JSH guideline, and thus
specific cases of diabetes or obesity resistant against losartan/HCTZ
combination were not detected.
Diuretics such as HCTZ have been avoided in Japan for fear of their

negative effects on metabolic parameters.4 In particular, hypokalemia
and increase in UA are associated with HCTZ. In combination with
losartan, hypokalemia may be canceled by the anti-aldosterone effect
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Table 2 Changes of parameters in blood tests

Month 0 Month 12 P-value

All patients

Potassium (mEq l�1) 4.13±0.48 4.15±0.52 0.67

Total cholesterol (mg dl�1) 199±34 191±31 0.001

HDL-cholesterol (mgdl�1) 56.4±14.6 55.1±13.6 0.075

Triglyceride (mg dl�1) 147±96 149±96 0.74

Creatinine (mg dl�1) 0.83±0.29 0.88±0.30 o0.001

Glucose (mg dl�1) 118±46 121±52 0.24

Diabetic patients only (n¼52)

Glucose (mg dl�1) 154±62 155±73 0.83

HbA1c (%) 6.45±1.22 6.46±1.15 0.91

Abbreviations: ACE, angiotensin-converting enzyme; HDL, high-density lipoprotein.
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of ARBs and UA elevation may be enfeebled by the UA-decreasing
ability of losartan. Losartan has a unique effect of stimulating UA
excretion in urine by suppressing UA transporters URAT1
and URATv1, with a resulting decrease in the serum levels
of UA.15,16 In this study, these expectations were well achieved and
potassium and UA levels were kept within normal ranges.
Additionally, a significant decrease in UA was observed for patients
with high levels of UA (Figure 5). Except for losartan, clinical doses
of ARBs do not have suppressive properties on the UA transporters.17

This property of losartan should be profitable in combination
with HCTZ.
Another concern with HCTZ is worsening of glucose metabolism.

A recent cohort study in Taiwan showed that diuretic or
b-blocker monotherapy increased the risk of new-onset diabetes,
but combination therapies composed of diuretics or b-blocker
with ACEI or ARB did not. Conversely, there was a decrease in the
risk of new-onset diabetes.18 In this study, blood glucose and HbA1c
levels were stable in patients with diabetes (Table 2), as was glucose
level in all patients, and so the losartan/HCTZ combination appears to
be safe for glucose metabolism. However, the sensitivity of glucose
metabolism under diuretics use could be changed by gene variation,19

and thus there may be small numbers of susceptible patients. In fact,
one patient dropped out because of worsening of diabetes in this
study. Therefore, careful monitoring of glucose metabolism is
required.
Fixed dose combination drugs decrease the number of pills taken

and may contribute to better adherence. Patients on a fixed-combina-
tion regimen showed better persistence after 1 year of antihypertensive
treatment, namely 58% for combination therapy with ACEI plus
diuretics in two pills, and 70% for one-pill fixed combination.20 In
this study, a limited number of patients, 44 of 266 (16.5%), dropped
out despite the clinical setting, so this fixed combination could be
beneficial in clinical use.
In summary, a fixed dose combination of losartan/HCTZ for

1 year of treatment in a clinical setting resulted in sufficient and
steady BP decrease in a majority of Japanese hypertensive patients who
had not been controlled with a regimen including ARBs or ACEIs.
Also this combination showed acceptable safety and tolerability.
A fixed dose combination of losartan/HCTZ is an available tool
to introduce low-dose diuretics for treatment of uncontrolled hyper-
tension in Japan.
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