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Antihypertensive Efficacy and Safety of Fixed-Dose 
Combination Therapy with Losartan plus 

Hydrochlorothiazide in Japanese Patients with 
Essential Hypertension

Takao SARUTA1), Toshio OGIHARA2), Hiroaki MATSUOKA3), Hiromichi SUZUKI4), 

Megumi TOKI5), Yukio HIRAYAMA5), Kenji NONAKA5), and Kihito TAKAHASHI5)

A randomized, double-blind, placebo-controlled, parallel-group multicenter study was conducted to evaluate

the antihypertensive efficacy and safety of 8-week treatment with one of three fixed-dose combinations—

losartan 50 mg plus hydrochlorothiazide 12.5 mg, losartan 50 mg plus hydrochlorothiazide 6.25 mg, or losar-

tan 25 mg plus hydrochlorothiazide 6.25 mg—in comparison with those of hydrochlorothiazide 12.5 mg

alone, losartan 50 mg alone, or placebo in Japanese patients with essential hypertension. Significant reduc-

tions in sitting diastolic blood pressure (DBP) and systolic blood pressure (SBP) were seen in all three com-

bination groups compared with the placebo group (each p<0.001). The greatest reductions in DBP and SBP

were observed in the losartan 50 mg plus hydrochlorothiazide 12.5 mg group (12.7 and 18.0 mmHg, respec-

tively). The reductions in the losartan 50 mg plus hydrochlorothiazide 12.5 mg group were significantly

greater (each p<0.001) than those in the placebo group and each of the monotherapy groups. There were

no significant differences in the incidences of clinical and laboratory drug-related adverse events between

any of the combination groups and the placebo group. All combination groups showed improved hypokale-

mia and hyperuricemia compared to the hydrochlorothiazide 12.5 mg group. These results demonstrated

that once-daily, fixed-dose combination therapy with losartan 50 mg plus hydrochlorothiazide 12.5 mg is

well tolerated and more efficacious in lowering DBP and SBP than monotherapy in Japanese hypertensive

patients. (Hypertens Res 2007; 30: 729–739)

Key Words: losartan, hydrochlorothiazide, hypertension, combination therapy

Introduction

Hypertension plays a major role in the development of cere-
brovascular disease, ischemic heart disease, and cardiac and
renal failure. The risk of these events decreases with the mag-
nitude of sustained reduction in blood pressure (1, 2).

Angiotensin II receptor antagonists exert an antihyperten-
sive effect by specifically inhibiting the binding of angio-
tensin II to the angiotensin II subtype 1 receptor (3). Losartan
potassium (losartan), an orally active and highly specific non-
peptide competitive angiotensin II subtype 1 receptor antago-
nist, is the first member of this new class of cardiovascular
drugs available for treatment of patients with hypertension
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and potentially useful for other cardiovascular diseases as
well (4, 5). A number of clinical trials have demonstrated that
losartan given alone lowers blood pressure and is well toler-
ated in patients with hypertension (6–9). Furthermore, losar-
tan has been demonstrated to have benefits on renal diseases
and stroke beyond blood pressure reduction (10, 11).

Hydrochlorothiazide, a thiazide diuretic, has been used for
the treatment of hypertension over 40 years. Thiazide diuret-
ics affect the renal tubular mechanisms of electrolyte reab-
sorption, directly increasing the excretion of sodium and
chloride. Although hydrochlorothiazide has been demon-
strated to have an antihypertensive effect, the mechanism of
its action is not fully understood. Since a number of studies
have demonstrated that diuretics lower morbidity and mortal-
ity in hypertensive patients (12–14), the 7th Joint National
Committee Report recommends diuretics as one of the first-
line drugs for the treatment of hypertension (15). The Japa-
nese Society of Hypertension Guidelines for the Management
of Hypertension in 2004 also recommend low doses of diuret-
ics as one of the first-line drugs for the treatment of hyperten-
sion (16).

Despite the widespread use of monotherapies in treating
hypertension, only 40% of patients achieve the target blood
pressure by these therapies (17, 18). Therefore, the majority
of hypertensive patients require concomitant therapy with
two or more different classes of drugs to achieve the target
blood pressure level (15, 19). A combination of different
types of antihypertensive agents is more successful than a sin-
gle agent in most hypertensive patients, with the added advan-
tage of a better safety profile. The combination of an
angiotensin II receptor antagonist and a diuretic such as
hydrochlorothiazide is frequently recommended for the treat-
ment of hypertension (1, 15, 16, 20) for the following reasons
(21, 22): first, angiotensin II receptor antagonists and hydro-
chlorothiazide have complementary pharmacological mecha-
nisms of action that provide greater reductions in blood
pressure than can be achieved by either alone; and second, the
lower doses of hydrochlorothiazide used in combination ther-
apy to achieve adequate blood pressure reduction minimize
the likelihood of drug-related adverse events. The increased
efficacy and safety of combination therapy, and the simplified
dosing with a single tablet, may also result in better patient
compliance and help patients to remain on this therapy.

A fixed combination of losartan and hydrochlorothiazide
has been used safely and effectively to treat more than 10 mil-
lion patients in 82 countries since it was first introduced into
clinical practice in France in 1995. The combination has been
shown to produce clinically relevant reductions in blood pres-
sure in male and female, Caucasian and African-American,
elderly and non-elderly patients, in patients with varying
degrees of hypertension, and in patients complicated with
renal impairment (21–26). However, no study has been con-
ducted so far to investigate the efficacy and safety of a fixed-
dose therapy with losartan and hydrochlorothiazide in Japa-
nese patients with hypertension.

The purpose of this study was to investigate the antihyper-
tensive efficacy and safety of 8-week treatment with one of
three fixed-dose combinations—losartan 50 mg plus hydro-
chlorothiazide 12.5 mg, losartan 50 mg plus hydrochlorothia-
zide 6.25 mg, or losartan 25 mg plus hydrochlorothiazide
6.25 mg—in comparison with those of hydrochlorothiazide
12.5 mg alone, losartan 50 mg alone, or placebo in Japanese
patients with essential hypertension.

Methods

This study was conducted at 101 clinical centers in Japan, the
USA, and Peru (76, 21 and 4 clinical centers, respectively).
The study protocol was approved by the institutional review
board at each clinical center. All patients gave their written
informed consent to participate in the study in accordance
with the Declaration of Helsinki. The execution and monitor-
ing of the study were conducted in accordance with the
requirements of good clinical practice.

Patient Selection

Eligible patients were men and women between 25 and 74
years of age with essential hypertension, which was diag-
nosed by clinical and laboratory examinations, and were Jap-
anese (by self-report, patients were of Japanese descent with
all four biological grandparents born in Japan and of Japanese
descent). Patients were excluded from the study if there was
any evidence of clinically significant hematologic, renal,
hepatic, or gastrointestinal tract problems, known drug hyper-
sensitivities or diseases involving the cerebrovascular,
immune, or cardiovascular systems, including myocardial
infarction, angina pectoris, congestive heart failure (New
York Heart Association [NYHA] class III to IV) or left ven-
tricular dysfunction (ejection fraction <40%), or other con-
current severe diseases. Patients were also excluded from the
study if they were concomitantly using other antihypertensive
medications or drugs with significant hemodynamic effects,
or if they were taking lithium, psychotropic agents, antide-
pressants, anxiolytic or hypnotic agents, oral corticosteroids,
nonsteroidal anti-inflammatory drugs (NSAIDs), COX-II
inhibitors or high-dose aspirin (daily use), ephedrine, astemi-
zole, terfenadine, digoxin or any agent that had an effect on
blood pressure. Pregnant or lactating women were also
excluded.

Study Procedures

This randomized, placebo-controlled, double-blind, parallel–
group study consisted of a screening visit (visit 1), 4 to 6
weeks of a placebo run-in period followed by 8 weeks of dou-
ble-blind treatment during which patients received either
losartan 50 mg plus hydrochlorothiazide 12.5 mg, losartan 50
mg plus hydrochlorothiazide 6.25 mg, losartan 25 mg plus
hydrochlorothiazide 6.25 mg, losartan 50 mg alone, hydro-
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chlorothiazide 12.5 mg alone, or placebo (Fig. 1). Patients
were seen in the clinic at day −28 (visit 2) and day −14 (visit
3) during the placebo run-in period, at randomization (visit 4),
and at weeks 2, 4 and 8 of the double-blind treatment period
(visit 5, 6 and 7, respectively). All visits had to be done within
±3 days of the specified time point.

Prior to study entry, patients had a complete medical his-
tory review, physical examination and laboratory evaluation.
If eligible, patients were given 5 placebo tablets matched to
each of losartan 50 mg plus hydrochlorothiazide 12.5 mg,
losartan 50 mg plus hydrochlorothiazide 6.25 mg, losartan 25
mg plus hydrochlorothiazide 6.25 mg, losartan 50 mg, and
hydrochlorothiazide 12.5 mg once daily for 4 weeks. The
mean sitting diastolic blood pressure (DBP) for patients who
had no previous antihypertensive therapy had to be 95 to 115
mmHg prior to entering the placebo run-in period. The mean
DBP for patients who were under antihypertensive treatment
had to be <110 mmHg after withdrawal from antihyperten-
sive therapy (taper/washout), prior to entering the placebo
run-in period. All patients who had a mean trough sitting DBP
of 95 to 115 mmHg and a mean trough sitting systolic blood
pressure (SBP) <210 mmHg at each visit throughout the
placebo run-in period up to the day of randomization and
those who continued to fulfill the eligibility criteria were
randomized into 1 of 6 treatment arms (losartan 50 mg plus
hydrochlorothiazide 12.5 mg, losartan 50 mg plus hydrochlo-
rothiazide 6.25 mg, losartan 25 mg plus hydrochlorothiazide
6.25 mg, losartan 50 mg, hydrochlorothiazide 12.5 mg, or
placebo). The randomizations were separately performed by
region (inside and outside of Japan, respectively). Any patient
who had not attained stability (the difference between the
mean trough DBP value at visit 3 and that at visit 4 [random-
ization] was >7 mmHg) after 4 weeks on placebo was contin-
ued in the placebo run-in period for an additional 2 weeks,
and then the blood pressure was measured again. The study
medication (5 blinded tablets) was taken in the morning
between the hours of 6 AM and 10 AM after breakfast (except
on the day of the clinic visit) once-daily from the starting day
of randomization.

Blood pressure criteria for discontinuation from the study
during the double-blind period included: mean trough SBP
<100 mmHg, mean trough DBP <50 mmHg, mean trough
SBP >210 mmHg or mean trough DBP >120 mmHg at any

visit, or change in the mean trough DBP or SBP from the
baseline (visit 4, randomization) of >15 mmHg or >30
mmHg, respectively. In all patients who met any of the blood
pressure discontinuation criteria, the blood pressure was mea-
sured again after 1 h. If the blood pressure still met the discon-
tinuation criteria, the patient was discontinued. Except for the
screening visit (visit 1), all clinic visits had to be done in the
morning before 12 noon to ensure that blood pressure mea-
surements were performed at trough, defined as 24 h (range
22 to 26 h) after the last dose of medication.

Methods of Observation

Trough sitting blood pressure and heart rate were measured at
the beginning of every clinic visit. Trough supine and stand-
ing blood pressure were measured at visit 4 (randomization)
and visit 7. For the sitting and supine blood pressure measure-
ments, the patients were in each position for at least 5 min and
blood pressure was recorded. For standing blood pressure
readings, the patients were in the standing position for at least
1 min prior to the measurements. DBP and SBP were deter-
mined as the average of three replicate measurements
obtained 1 to 2 min apart. None of the three consecutive DBP
readings could be >5 mmHg from the calculated average of
the three readings; additional readings were made until this
was achieved. Only one reading was conducted for the supine
and standing blood pressure measurements.

All observed or volunteered adverse events were recorded
at each visit and designated by the investigator as definitely
drug related, probably drug related, possibly drug related,
probably not drug related, or definitely not drug related. Stan-
dard fasting laboratory tests were performed at visits 1, 4, 6
and 7. A 12-lead electrocardiogram and body weight were
obtained during the placebo run-in period and after 8 weeks
of double-blind therapy.

Statistical Analysis

The data analysis was carried out based on a “Full Analysis
Set” (FAS), which was defined as all of the enrolled patients
except the following: patients who committed serious good
clinical practice (GCP) violations; patients who did not take
at least one dose of study medication; patients who lacked any

Fig. 1. Study design.
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data of trough DBP postrandomization; patients who with-
drew consent during the study and declined use of any data
obtained before the withdrawal; patients who did not satisfy
the major entry criteria (i.e., violations of the inclusion crite-
ria of blood pressures). The last measurements of the with-
drawn patients in the double-blind period were carried
forward to subsequent time points. For the safety evaluation,
patients who had taken the study medication at least once
were included in the analysis.

The primary and secondary hypotheses in this study were
that the combinations of losartan and hydrochlorothiazide
would be more effective in lowering mean trough DBP and
SBP, respectively, than placebo, hydrochlorothiazide mono-
therapy or losartan monotherapy. All analyses described
below were pre-specified in a Data Analysis Plan prior to
unblinding the data except for the analysis of laboratory val-
ues. As the primary efficacy analysis, the changes in mean
trough DBP from baseline (visit 4, randomization) at week 8
were evaluated using an analysis of covariance model, which
included factors for the treatment group and patient’s place of
residence (inside or outside of Japan) with the baseline blood
pressure as a covariate. In the comparison among treatment
groups, the statistical superiority of each of the three combi-
nations of losartan plus hydrochlorothiazide compared to pla-
cebo, hydrochlorothiazide 12.5 mg, or losartan 50 mg was
examined by following a hierarchy of conditions (step-down
procedures). First, losartan 50 mg plus hydrochlorothiazide
12.5 mg was compared with placebo, hydrochlorothiazide
12.5 mg and losartan 50 mg, respectively, using the 95% con-
fidence intervals (CIs) for the difference of the least square
means of the change from baseline between the treatment
groups. Only if losartan 50 mg plus hydrochlorothiazide 12.5
mg was superior to placebo, hydrochlorothiazide 12.5 mg and

losartan 50 mg, would the second set of analyses be per-
formed. In the second set, losartan 50 mg plus hydrochlo-
rothiazide 6.25 mg was compared with placebo,
hydrochlorothiazide 12.5 mg and losartan 50 mg, respec-
tively, in the same manner as in the first step. Only if losartan
50 mg plus hydrochlorothiazide 6.25 mg was superior to pla-
cebo, hydrochlorothiazide 12.5 mg and losartan 50 mg, would
the third step, the analyses of losartan 25 mg plus hydrochlo-
rothiazide 6.25 mg, be performed in the same manner. The
data was analyzed in this step-wise fashion, so that no adjust-
ment for multiplicity was required. Nominal 95% CIs were
included in the output for all comparisons. An analysis of
covariance model with the interaction between treatment and
region as an additional factor was used to assess the effect of
this factor on the primary analysis. As a secondary efficacy
analysis, the change in mean trough SBP was evaluated by the
same procedures as used for the primary efficacy.

Homogeneity of patient demographic characteristics
among treatment groups was examined using an analysis of
variance for continuous variables and Pearson’s χ2 test for
categorical variables. The incidences of all adverse events
were compared between the treatment groups using Fisher’s
exact test. The difference of the change in blood pressure on
postural change from a supine position to a standing position
from baseline to week 8 was compared in a pair-wise fashion
among the treatment groups using the same analysis of cova-
riance model as used for the primary variable. For laboratory
values, the changes in each parameter at the end of the treat-
ment period from baseline were compared between the three
combinations of losartan plus hydrochlorothiazide and each
of placebo, hydrochlorothiazide 12.5 mg and losartan 50 mg
using the analysis of variance (not pre-specified).

A significance level of 15% on a two-tailed test was used

Table 1. Patient Demographics and Baseline Characteristics

L50/H12.5 
(n=154)

L50/H6.25 
(n=159)

L25/H6.25 
(n=153)

L50 
(n=157)

H12.5 
(n=162)

Placebo 
(n=157)

Gender (No. (%))
Male 88 (57.1) 102 (64.2) 91 (59.5) 97 (61.8) 91 (56.2) 86 (54.8)
Female 66 (42.9) 57 (35.8) 62 (40.5) 60 (38.2) 71 (43.8) 71 (45.2)

Age (years)* 54.7±9.9 56.1±8.9 54.9±10.3 55.5±9.9 55.7±9.4 54.8±10.5
Any medical history† (yes (%)) 63 (40.9) 66 (41.5) 69 (45.1) 74 (47.1) 64 (39.5) 60 (38.2)
Any concomitant therapy (yes (%)) 124 (80.5) 123 (77.4) 124 (81.0) 121 (77.1) 134 (82.7) 130 (82.8)
Prior antihypertensive therapy (yes (%)) 84 (54.5) 86 (54.1) 97 (63.4) 94 (59.9) 91 (56.2) 95 (60.5)
Baseline DBP (mmHg)* 100.7±5.1 100.6±5.4 100.7±4.8 100.8±5.3 99.8±4.8 100.2±4.9
Baseline SBP (mmHg)* 154.3±13.8 155.3±13.3 154.7±14.6 154.4±15.1 155.3±15.3 153.4±12.8
Place of residence (No.(%))

Japan 130 (84.4) 132 (83.0) 129 (84.3) 131 (83.4) 133 (82.1) 128 (81.5)
USA 7 (4.5) 8 (5.0) 9 (5.9) 9 (5.7) 11 (6.8) 9 (5.7)
Peru 17 (11.0) 19 (11.9) 15 (9.8) 17 (10.8) 18 (11.1) 20 (12.7)

*Values are mean±SD. †Any medical history in the past 5 years except hypertension. L50, losartan 50 mg; H12.5, hydrochlorothiazide
12.5 mg; H6.25, hydrochlorothiazide 6.25 mg; L25, losartan 25 mg; DBP, sitting diastolic blood pressure; SBP, sitting systolic blood
pressure. There were no significant differences among the treatment groups.
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for analysis of baseline comparability among the treatment
groups, a significance level of 2.5% (one-tailed) was used for
verification of superiority, and a significance level of 10%
(two-tailed) was used for the test of interaction. For all other
analyses, a significance level of 5% (two-tailed) was used.

Results

Patient Characteristics

A total of 961 patients were randomized and entered the dou-
ble-blind phase of this study. Among them, 942 patients were
available for FAS, and 954 patients for safety analysis. Seven
patients in whom previous medication for essential hyperten-
sion was discontinued or tapered before obtaining written
consent were excluded from all analyses. Eleven patients who
did not meet the major entry criteria and one patient who
lacked any postrandomization data were excluded from FAS.
The baseline patient demographic characteristics used in the
efficacy FAS are summarized in Table 1. There were no sta-
tistically significant differences among the patient groups
with respect to gender, age, significant medical history in the
past 5 years other than hypertension, concomitant therapy or
prior antihypertensive therapy. The baseline trough DBP and
SBP were also similar among the treatment groups, ranging
from 99.8 to 100.8 mmHg and from 153.4 to 155.3 mmHg,
respectively. More than 80% of patients lived in Japan, but no
geographical biases were observed in any treatment group

in any country.

Mean Change in Blood Pressure

Trough blood pressure was measured at baseline and at weeks
2, 4 and 8 of the double-blind treatment period. Figures 2 and
3 display the mean change in trough DBP and SBP from base-
line for each treatment group, respectively. The reductions of
both DBP and SBP were apparent at the first measurement
(after 2 weeks of daily treatment) in all treatment groups, and
were maintained or continued to decrease throughout the
remainder of the 8-week treatment period. The losartan 50 mg
plus hydrochlorothiazide 12.5 mg group showed the maxi-
mum reduction of both DBP and SBP throughout the 8-week
treatment.

Mean changes and least square mean changes from baseline
after 8-week treatment for trough DBP and SBP are displayed
in Table 2. Significant reductions in trough DBP and SBP
were observed in all treatment groups (each p<0.001), with
the greatest reductions occurring in the losartan 50 mg plus
hydrochlorothiazide 12.5 mg group (12.7 and 18.0 mmHg,
respectively). In regard to the reduction of DBP, the losartan
50 mg plus hydrochlorothiazide 12.5 mg group was signifi-
cantly superior to the placebo, hydrochlorothiazide 12.5 mg
monotherapy, and losartan 50 mg monotherapy groups (Table
2). The losartan 50 mg plus hydrochlorothiazide 6.25 mg
group was superior to the placebo and hydrochlorothiazide

Fig. 2. Mean change (mean±SEM) in trough sitting dias-
tolic blood pressure during double-blind treatment from
baseline in patients with essential hypertension. L50, losar-
tan 50 mg; H12.5, hydrochlorothiazide 12.5 mg; H6.25,
hydrochlorothiazide 6.25 mg; L25, losartan 25 mg; DBP,
diastolic blood pressure.
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12.5 mg, but not to the losartan 50 mg group. The losartan 25
mg plus hydrochlorothiazide 6.25 mg group was superior to
the placebo, but not to the hydrochlorothiazide 12.5 mg
monotherapy or losartan 50 mg monotherapy group. An anal-
ysis of covariance model with treatment-by-region interaction
as an additional factor was used to evaluate the influences on
the primary analysis of the primary endpoint. No significant
difference was seen with the interaction between treatment
group and region (p=0.603).

The reduction in SBP in the losartan 50 mg plus hydrochlo-
rothiazide 12.5 mg group was significantly greater than those
in the placebo, hydrochlorothiazide 12.5 mg monotherapy,
and losartan 50 mg monotherapy groups (Table 2). The reduc-
tion in the losartan 50 mg plus hydrochlorothiazide 6.25 mg
group was also significantly greater than those in the placebo,
hydrochlorothiazide 12.5 mg monotherapy, and losartan 50
mg monotherapy groups. The reduction in the losartan 25 mg
plus hydrochlorothiazide 6.25 mg group was significantly
greater than that in the placebo group.

The subgroup analysis for the primary endpoint was per-
formed by age (≤64 years, ≥65 years) and by severity of
hypertension, as measured by mean trough DBP at the time of
randomization (≤105 mmHg, ≥106 mmHg). In all subgroup
analyses, the losartan 50 mg plus hydrochlorothiazide 12.5
mg group demonstrated the greatest reduction in DBP among
the treatment groups, and the efficacy in each of the sub-
groups was generally similar to the overall efficacy (data not
shown).

Safety

Clinical and laboratory adverse events are summarized in
Table 3. The percentages of patients having a clinical adverse
event or clinical drug-related adverse event (as assessed by
the investigators) were generally similar in each treatment
group. There were no significant differences in the incidences
of clinical drug-related adverse events among the treatment
groups. The percentage of patients having a laboratory
adverse event or laboratory drug-related adverse event were
also similar in each treatment group. No significant differ-
ences in the incidences of laboratory adverse events and labo-
ratory drug-related adverse events were observed among the
combination groups (losartan 50 mg plus hydrochlorothiazide
12.5 mg, losartan 50 mg plus hydrochlorothiazide 6.25 mg,
losartan 25 mg plus hydrochlorothiazide 6.25 mg) and the
placebo group. There were no deaths in this study and 9
patients had serious adverse events, which were all consid-
ered by the investigators to be definitely not or probably not
drug-related. The rates of discontinuation due to adverse
events during the double-blind period were not significantly
different among the treatment groups.

Of the 9 patients for whom dizziness was reported as an
adverse event in the losartan 50 mg plus hydrochlorothiazide
12.5 mg group, 5 cases were considered to be drug-related by
the investigators; these 5 cases were all mild and did not
require any treatment, and none of these patients were discon-
tinued from the study due to dizziness. The other 4 cases were
considered to be not drug-related by the investigators. The
incidence of pollakisuria reported as an adverse event was less

Table 2. Mean Changes in Trough Sitting Blood Pressure from Baseline after 8 Weeks of Treatment

Treatment group
Baseline* 
(mmHg)

Week 8* 
(mmHg)

Mean change* 
(mmHg)

LS-mean 

change† 
(mmHg)

95% CI (LS-
mean change)

Comparison (p)

vs. L50 vs. H12.5 vs. placebo

Diastolic
L50/H12.5 100.7±5.1 88.0±9.3 −12.7±8.2 −12.9±0.7 −14.2 to −11.7 <0.001 <0.001 <0.001
L50/H6.25 100.6±5.4 90.5±9.8 −10.1±7.9 −10.4±0.6 −11.6 to −9.1 0.061 0.008 <0.001
L25/H6.25 100.7±4.8 91.2±8.2 −9.5±6.6 −9.8±0.7 −11.1 to −8.5 0.241 0.051 <0.001
L50 100.8±5.3 92.3±8.3 −8.5±7.6 −8.8±0.6 −10.0 to −7.5 — — —
H12.5 99.8±4.8 91.9±8.8 −7.8±6.6 −8.1±0.6 −9.3 to −6.9 — — —
Placebo 100.2±4.9 94.5±9.8 −5.7±8.3 −5.9±0.6 −7.2 to −4.7 — — —

Systolic
L50/H12.5 154.3±13.8 136.3±17.2 −18.0±14.3 −18.4±1.0 −20.5 to −16.4 <0.001 <0.001 <0.001
L50/H6.25 155.3±13.3 140.4±15.2 −14.9±14.2 −15.0±1.0 −17.0 to −13.1 0.001 0.018 <0.001
L25/H6.25 154.7±14.6 140.8±15.0 −13.9±11.8 −14.2±1.1 −16.3 to −12.1 0.009 0.078 <0.001
L50 154.4±15.1 144.2±16.7 −10.2±13.1 −10.6±1.0 −12.6 to −8.5 — — —
H12.5 155.3±15.3 143.6±14.6 −11.7±11.9 −11.8±1.0 −13.8 to −9.8 — — —
Placebo 153.4±12.8 148.7±16.0 −4.7±11.5 −5.3±1.0 −7.3 to −3.3 — — —

*Values are mean±SD. †Values are least square mean (LS-mean) ±SEM. L50, losartan 50 mg; H12.5, hydrochlorothiazide 12.5 mg;
H6.25, hydrochlorothiazide 6.25 mg; L25, losartan 25 mg; CI, confidence interval. There were significant differences of the mean
change in trough sitting blood pressure between baseline and Week 8 in all treatment groups (each p<0.001).



Saruta et al: Efficacy and Safety of Losartan plus Hydrochlorothiazide 735

than 2% in each treatment group. The incidence of increased
blood uric acid in the hydrochlorothiazide 12.5 mg group
(8.1%) was the highest rate for any laboratory adverse event
among the treatment groups. There were no laboratory adverse
events which were not seen in the monotherapy groups but
were characteristically seen in the combination groups.

Mean changes from baseline for various laboratory mea-
surements were evaluated and no clinically significant trends
were evident in the combination groups after 8 weeks of treat-
ment. As reported previously, monotherapy with hydrochlo-
rothiazide 12.5 mg increased the mean blood uric acid level
from baseline after the 8 weeks of treatment (+35 μmol/L,
Table 4), while monotherapy with losartan 50 mg decreased it
(−14 μmol/L). The combination of losartan 50 mg plus
hydrochlorothiazide 12.5 mg induced a slight increase (+12
μmol/L), but the increase was significantly smaller than the
increase by hydrochlorothiazide 12.5 mg (p<0.001). Combi-
nation therapy with losartan 50 mg plus hydrochlorothiazide
6.25 mg did not change the mean blood uric acid level. Mono-
therapy with hydrochlorothiazide 12.5 mg slightly lowered
the blood potassium level after the 8 weeks of treatment
(−0.17 mmol/L). A similar change was observed in the group
treated with losartan 50 mg plus hydrochlorothiazide 12.5 mg
(−0.09 mmol/L), but the decrease was significantly smaller
than that by hydrochlorothiazide 12.5 mg alone (p=0.040).
No clinically significant change of mean casual blood glucose
level was observed in any treatment group.

There were no statistically significant differences in the
mean changes from baseline after 8-weeks of treatment for
heart rate, body weight and blood pressure on postural change
in any of the treatment groups. There were also no differences
observed for electrocardiographic measurements. The inci-
dences of clinical and laboratory adverse events in the age
subgroups (≤64 years, ≥65 years) and in the subgroups
formed according to severity of hypertension, as measured by
mean trough DBP at the time of randomization (≤105 mmHg,
≥106 mmHg) were also examined, and they were generally
similar to the overall incidences of adverse events (data not
shown).

Discussion

This study examined the antihypertensive efficacy of 8-week
treatment with three different fixed-dose combinations of
losartan plus hydrochlorothiazide in Japanese patients with
essential hypertension. The greatest reductions in DBP and
SBP were achieved by the combination of losartan 50 mg plus
hydrochlorothiazide 12.5 mg (12.7 and 18.0 mmHg, respec-
tively). In a similar clinical study in the USA, MacKay et al.
(22) reported that the greatest reductions in DBP and SBP
from baseline after 12-week treatment were observed in the
losartan 50 mg plus hydrochlorothiazide 12.5 mg group (13.2
and 17.2 mmHg, respectively) compared with the placebo
(4.1 and 2.0 mmHg, respectively), hydrochlorothiazide 12.5

Table 3. Clinical and Laboratory Adverse Event (AE) Summary

L50/H12.5 
(n=155)

L50/H6.25 
(n=162)

L25/H6.25 
(n=155)

L50 
(n=160)

H12.5 
(n=163)

Placebo 
(n=159)

Clinical AE 80 (51.6) 70 (43.2) 59 (38.1) 68 (42.5) 69 (42.3) 71 (44.7)
Clinical drug-related AE 14 (9.0) 11 (6.8) 6 (3.9) 10 (6.3) 13 (8.0) 7 (4.4)

Laboratory AE 36 (23.2) 27 (16.7) 36 (23.2) 24 (15.0) 38 (23.3) 32 (20.1)
Laboratory drug-related AE 22 (14.2) 15 (9.3) 19 (12.3) 10 (6.3) 28 (17.2) 21 (13.2)

Discontinuations due to AE 1 (0.6) 6 (3.7) 1 (0.6) 2 (1.3) 4 (2.5) 1 (0.6)

Most common clinical AEs (patient incidence ≥2% in any treatment group)
Nausea 6 (3.9) [2] 0 (0.0) 2 (1.3) [0] 1 (0.6) [0] 1 (0.6) [0] 2 (1.3) [0]
Headache 5 (3.2) [1] 5 (3.1) [1] 11 (7.1) [1] 9 (5.6) [1] 4 (2.5) [0] 10 (6.3) [1]
Dizziness 9 (5.8) [5] 2 (1.2) [0] 3 (1.9) [0] 4 (2.5) [2] 5 (3.1) [2] 3 (1.9) [0]
Malaise 3 (1.9) [0] 2 (1.2) [0] 2 (1.3) [1] 2 (1.3) [0] 5 (3.1) [1] 1 (0.6) [0]
Arthralgia 2 (1.3) [0] 1 (0.6) [0] 5 (3.2) [0] 0 (0.0) 1 (0.6) [0] 1 (0.6) [0]
Nasopharyngitis 23 (14.8) [0] 19 (11.7) [0] 15 (9.7) [0] 20 (12.5)[0] 22 (13.5)[0] 26 (16.4) [0]

Most common laboratory AEs (patient incidence ≥4% in any treatment group)
Aspartate aminotransferase increased 3 (2.0) [2] 2 (1.3) [0] 7 (4.5) [6] 1 (0.6) [0] 4 (2.5) [4] 6 (3.8) [3]
Alanine aminotransferase increased 4 (2.6) [3] 2 (1.3) [1] 5 (3.2) [4] 2 (1.3) [1] 7 (4.3) [7] 5 (3.1) [2]
Blood creatine phosphokinase increased 4 (2.6) [3] 2 (1.3) [0] 9 (5.8) [0] 2 (1.3) [1] 3 (1.9) [2] 4 (2.5) [2]
Blood uric acid increased 10 (6.6) [8] 2 (1.3) [2] 7 (4.5) [6] 0 (0.0) 13 (8.1) [11] 8 (5.0) [6]
Red blood cells in urine: positive 1 (0.7) [0] 1 (0.6) [0] 1 (0.6) [0] 3 (1.9) [0] 7 (4.4) [5] 0 (0.0)

Values are number (%) of patients. Numbers in brackets indicate numbers of adverse events considered by the investigator to be possi-
bly, probably, or definitely study drug-related. L50, losartan 50 mg; H12.5, hydrochlorothiazide 12.5 mg; H6.25, hydrochlorothiazide
6.25 mg; L25, losartan 25 mg.
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mg (7.2 and 9.2 mmHg, respectively) and losartan 50 mg (8.8
and 10.7 mmHg, respectively) groups in patients with hyper-
tension (86% Caucasian, 12% African-American, 2% others).
Figure 4 shows the reduction in trough DBP from baseline for
each treatment group of the Japanese cohort in the current
study and of non-Japanese patients in the USA study. There
was no difference in the blood pressure response to any of
these medications between Japanese and non-Japanese
patients. Furthermore, no differences in the efficacy profiles
of the combinations were observed according to the patient’s
place of residence (inside or outside of Japan) as well as by
age or severity of hypertension, indicating that our hyperten-
sive patients showed the same response to the medications
irrespective of whether they lived inside or outside Japan.

Hydrochlorothiazide monotherapy was approved in Japan
at the manufacturer’s recommended dose of 25 to 100 mg/
day, which has been proven efficacious in controlling blood
pressure. Furthermore, several studies have demonstrated that
hydrochlorothiazide 12.5 mg, which is less than the approved
dose in Japan, has antihypertensive efficacy with minimal
drug-related adverse events (15, 27). A number of clinical
studies have shown enhanced blood pressure–lowering
effects when different doses of losartan were added to a fixed
dose of hydrochlorothiazide or when different doses of hydro-
chlorothiazide were added to a fixed dose of losartan (21, 22,
28, 29). In a study outside of Japan, Ruilope et al. (29)

Table 4. Mean Changes of Blood Uric Acid, Potassium and Glucose from Baseline after 8 Weeks of Treatment

Parameter and treatment group No. Baseline* Week 8* Change*
Comparison (p)

vs. L50 vs. H12.5 vs. placebo

Serum uric acid (μmol/La)
L50/H12.5 152 350±81 362±85 12±48 <0.001 <0.001 0.007
L50/H6.25 160 347±77 346±77 −1±47 0.019 <0.001 0.744
L25/H6.25 154 353±83 358±79 5±52 0.001 <0.001 0.170
L50 160 346±79 333±77 −14±40 — — —
H12.5 161 345±89 380±102 35±51 — —
Placebo 159 333±88 330±90 −3±51 — — —

Serum potassium (mmol/L)
L50/H12.5 154 4.20±0.33 4.11±0.34 −0.09±0.36 0.011 0.040 0.099
L50/H6.25 160 4.24±0.36 4.17±0.39 −0.07±0.40 0.040 0.009 0.257
L25/H6.25 154 4.26±0.33 4.15±0.30 −0.11±0.29 0.002 0.140 0.025
L50 160 4.22±0.35 4.24±0.38 0.01±0.38 — — —
H12.5 162 4.24±0.39 4.07±0.32 −0.17±0.34 — — —
Placebo 159 4.23±0.38 4.21±0.40 −0.02±0.34 — — —

Casual blood glucose (mmol/Lb)
L50/H12.5 151 5.59±1.37 5.71±1.47 0.12±1.21 0.342 0.520 0.717
L50/H6.25 160 5.51±1.13 5.72±1.18 0.21±0.89 0.122 0.216 0.831
L25/H6.25 154 5.78±1.49 5.82±1.74 0.04±1.47 0.711 0.951 0.344
L50 160 5.58±1.25 5.56±1.74 −0.02±1.55 — — —
H12.5 161 5.83±1.70 5.86±1.90 0.03±1.06 — — —
Placebo 158 5.61±1.26 5.78±1.63 0.18±1.42 — — —

*Values are mean±SD. L50, losartan 50 mg; H12.5, hydrochlorothiazide 12.5 mg; H6.25, hydrochlorothiazide 6.25 mg; L25, losartan
25 mg. aTo convert values to mg/dL, divide by 59.48. bTo convert values to mg/dL, divide by 0.05551.

Fig. 4. Mean change (mean±SD) in trough sitting diastolic
blood pressure from baseline after 8 weeks treatment in Jap-
anese patients and after 12 weeks treatment in non-Japanese
patients with essential hypertension. L50, losartan 50 mg;
H12.5, hydrochlorothiazide 12.5 mg; H6.25, hydrochlo-
rothiazide 6.25 mg; L25, losartan 25 mg; DBP, diastolic
blood pressure.

g
H

m
m,P

B
D

S
ni

egnah
C

0

-10

-20

L50/H12.5 L50/H6.25 L25/H6.25 L50 H12.5 Placebo

Treatment Group

Japanese patients
Non-Japanese patients

I I 



Saruta et al: Efficacy and Safety of Losartan plus Hydrochlorothiazide 737

reported that losartan 50 mg plus hydrochlorothiazide 12.5
mg produced clinically beneficial reductions in blood pres-
sure with a metabolic safety profile generally similar to losar-
tan alone, and concluded that hydrochlorothiazide 12.5 mg
was the optimal dose of diuretic when added to losartan 50
mg, which was consistent with the current study in Japanese
patients.

The incidence of all clinical and laboratory adverse events
was generally similar in each treatment group. Nine patients
had serious adverse events, but all cases were considered to
be not drug-related by the investigators. There were no statis-
tically significant differences in the rate of discontinuation
due to adverse events among the treatment groups. These
results indicated that the safety profile of the three combina-
tions of losartan plus hydrochlorothiazide was comparable
with that of placebo. When used as monotherapy, hydrochlo-
rothiazide causes adverse events (hypokalemia, hyperurice-
mia, hyperglycemia, hyperlipidemia, sexual dysfunction,
dizziness, etc.) in a dose-dependent manner. However, if the
dose of diuretic in a fixed combination product is kept low,
the potential adverse events of the diuretic are minimized
(15). One of the advantages of the combination of angiotensin
II receptor antagonists with low-doses of hydrochlorothiazide
is the potential reduction of hydrochlorothiazide-induced
metabolic disorders such as hypokalemia. In particular, when
losartan is used as the angiotensin II receptor antagonist, the
combination with hydrochlorothiazide can have attractive
benefits for cases of hyperuricemia. That is, losartan, unlike
the other angiotensin II receptor antagonists, has been shown
to have a uricosuric action (28, 30). Recently, Enomoto et al.
identified a renal urate-anion exchanger that regulates blood
urate levels (31). They reported that losartan inhibited the
urate uptake, and the IC50 of losartan tended to be the same as
that of probenecid, consistent with the uricosuric property of
losartan. In the present study, the increase in blood uric acid
and decrease in blood potassium induced by hydrochlorothia-
zide were lessened by the co-administration of losartan. This
finding could represent an additional benefit of the combina-
tion of losartan and low-doses of hydrochlorothiazide for Jap-
anese hypertensive patients with elevated blood uric acid
levels.

Though the current study employed an 8-week treatment
period, several clinical studies on the long-term use of losar-
tan plus hydrochlorothiazide in patients with hypertension
have revealed that the antihypertensive efficacy of this regi-
men was maintained for at least 12 months and that the safety
profile of losartan alone or in combination with hydrochlo-
rothiazide was essentially the same as that observed in the
short-term studies and in patients receiving placebo (21, 32).
After the 8-week treatment in the current study, the combina-
tion of losartan 50 mg plus hydrochlorothiazide 12.5 mg was
administered for the following 52 weeks to some of our
patients. There were no significant differences in the safety
profiles between the initial 8-week and the following 52-week
treatments (unpublished data).

The goal of antihypertensive treatment is to reduce cardio-
vascular and cerebrovascular events associated with high
blood pressure (1, 15). If conventional monotherapy fails, the
control of blood pressure could be attempted by a progressive
increase in the dose of the single drug, a switch to other
monotherapy, or by combination therapy. Combinations of
antihypertensive drugs with complementary actions represent
a logical approach that is likely to achieve target blood pres-
sure control, and may minimize adverse events and reduce
clinical outcomes by improving blood pressure control and
organ protection. Current trends in hypertension management
emphasize multidrug regimens rather than monotherapy; the
HOT study (the Hypertension Optimal Trial) demonstrated
that the vast majority of patients require two or more antihy-
pertensive agents in order to achieve blood pressure control
(33). The INVEST study (the International Verapamil-Tran-
dolapril Study) indicated that lower targets for blood pressure
control can be achieved in most hypertensive patients with
coronary artery disease using a multidrug strategy (34).

Although the current study does not provide information on
the percentage of patients for whom monotherapy failed, it
demonstrated that the fixed-dose combination therapy with
losartan 50 mg plus hydrochlorothiazide 12.5 mg once-daily
was well tolerated and more efficacious in lowering DBP and
SBP than monotherapy in Japanese hypertensive patients.
Furthermore, this simplified treatment regimen with a single
tablet may also result in improved compliance.
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