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Study Objective. To compare the renoprotective and blood pressure–
lowering effects of combination losartan–low-dose hydrochlorothiazide
with losartan alone in hypertensive patients with stage 3 chronic kidney
disease (CKD).

Design. Prospective, open-label, randomized, controlled study.
Setting. Outpatient clinic at a university-affiliated hospital in Japan.
Patients. Sixty adults (mean age 67 yrs) with stage 3 CKD who had been

receiving losartan 50 mg/day and had not achieved their target blood
pressure of 130/80 mm Hg.

Intervention. Patients were randomly assigned to receive combination
losartan 50 mg–hydrochlorothiazide 12.5 mg/day in addition to losartan 50
mg/day (combination therapy group, 30 patients) or to receive losartan 100
mg/day (control group, 30 patients) over a 24-week period.

Measurements and Main Results. Efficacy was determined by monitoring
clinical and laboratory parameters. Mean baseline systolic and diastolic
blood pressures were 158/90 mm Hg in both groups; at 24 weeks of
treatment, these blood pressures significantly decreased to 133/79 mm Hg
in the combination therapy group compared with both baseline and the
values in the control group (145/83 mm Hg). Although serum creatinine
concentration increased and the estimated glomerular filtration rate
decreased significantly in both groups, the urinary protein:creatinine ratio
was significantly lower in the combination therapy group. With stratification
of patients on the basis of whether they had diabetes mellitus, we found
that the reduction in the urinary protein:creatinine ratio was more evident
in the combination therapy group. No significant increase in the
occurrence of adverse metabolic effects was noted in either group.

Conclusion. In these hypertensive patients with stage 3 CKD, combination
therapy with the maximum recommended daily dose of losartan of 100 mg
and a low dose of hydrochlorothiazide of 12.5 mg ameliorated proteinuria
and reduced blood pressure more effectively than treatment with losartan
100 mg alone, irrespective of whether the patients had diabetes.
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Elevated blood pressure and proteinuria are
modifiable risk factors for the progressive loss of

renal function in patients with chronic kidney
disease (CKD), including those with diabetic and
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nondiabetic renal disease.1–3 Reduction in
proteinuria attained by using a suitable thera-
peutic intervention, such as an antihypertensive
treatment regimen that has renin-angiotensin
system (RAS) blockade, results in a slower
decline in renal function than that observed after
the administration of other treatments in groups
with similar blood pressures.4, 5 Blockade of RAS
with angiotensin-converting enzyme (ACE)
inhibitors or angiotensin II type 1 receptor
blockers (ARBs) is considered the most effective
pharmacologic approach for renoprotection.
These agents reduce proteinuria more effectively
than other antihypertensive drugs.6, 7

The importance of strict blood pressure control
in patients with CKD was emphasized in the
Seventh Report of the Joint National Committee
for the Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC 7).8 The
report recommended a target blood pressure
below 140/90 mm Hg for most patients with
previously undetected hypertension. A report
published by the Japanese Society of Hypertension
recommended a target blood pressure below
130/80 mm Hg for hypertensive patients with
CKD.9 However, blood pressure is difficult to
control with monotherapy, especially in patients
with CKD, which highlights the need for
combination drug therapy.10, 11 Fixed-dose drug
combinations are now being recommended by
various guidelines as a first-line treatment option
for the management of hypertension because this
approach could improve patient compliance.11

One of the principal candidate agents for use in
combination with an RAS inhibitor is a mixture
of losartan and hydrochlorothiazide because this
combination can reduce blood pressure even in
patients whose condition is relatively refractory
to antihypertensive drugs.12

In Japan, the usual prescribed dosage of
losartan has been 50 mg/day, and the maximum
prescribed dosage has been 100 mg/day.
Recently, a fixed-dose combination of losartan 50
mg–hydrochlorothiazide 12.5 mg has also been
used. Therefore, when the target blood pressure

is not achieved by the usual dose of losartan,
clinicians can select from two treatment
regimens: one is to increase the losartan dose up
to 100 mg/day, and the other is to prescribe a
fixed-dose combination of losartan 50
mg–hydrochlorothiazide 12.5 mg/day along with
the daily dose of losartan 50 mg. Because the
number of tablets administered in both the
regimens is the same (two tablets), patient
compliance with the treatment is considered to
be unaffected.

We hypothesized that the administration of the
fixed-dose combination of losartan-hydro-
chlorothiazide along with the daily dose of
losartan 50 mg might be more effective in
reducing systemic blood pressure and proteinuria
than increasing the daily dose of losartan from 50
to 100 mg, although hydrochlorothiazide might
have potential adverse metabolic effects.
However, to our knowledge, the effects of
combination therapy with losartan–hydrochloro-
thiazide on biochemical markers of renopro-
tection and the antihypertensive effects of this
therapy in hypertensive patients with CKD have
not been elucidated. Stage 3 CKD is defined as
an estimated glomerular filtration rate (eGFR) of
30–59 ml/min/1.73 m2, which is a wider range
than that considered for defining stage 4 or stage
5 CKD. Furthermore, the proportion of patients
with stage 3 CKD is substantially higher in Japan
(10.4% of the Japanese adult population) than in
the United States (4.6%).13

The objective of our study was to compare the
effects of the two treatment regimens—increasing
the daily dose of losartan from 50 to 100 mg
versus a fixed-dose combination of losartan 50
mg–hydrochlorothiazide 12.5 mg along with the
daily losartan dose of 50 mg—in hypertensive
patients with stage 3 CKD.

Methods

Study Design

This prospective, open-label, randomized,
controlled study was conducted at a university-
affiliated hospital outpatient clinic in Tokyo,
Japan. The study protocol was approved by the
local ethics committee. All patients provided
written informed consent for participation in the
study. The study was conducted in accordance
with the Declaration of Helsinki.

Inclusion and Exclusion Criteria

To be included in the study, patients had to
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have proteinuria (urinary protein:creatinine
[UP:Cr] ratio ≥ 300 mg/g of Cr), average of two
consecutive measurements recorded during an 8-
wk period before treatment began; stage 3 CKD
(eGFR 30–59 ml/min/1.73 m2) and hypertension
(systolic/diastolic blood pressure ≥ 130/80 mm
Hg measured with the patient in a sitting position
during at least two independent visits to the
clinic), and be receiving losartan 50 mg/day for at
least 8 weeks before the start of study.

Exclusion criteria were as follows: age younger
than 20 years or older than 80 years; hypertensive
emergency; severe heart failure, angina,
myocardial infarction, or stroke occurring within
6 months before the start of the trial; renovascular
or endocrine hypertension; diabetes mellitus with
ongoing treatment with insulin injection therapy;
and severe diabetes mellitus warranting hospital-
ization because of marked elevation in plasma
glucose levels or development of complications
such as diabetic ketoacidosis.

Interventions

The overview of the study design is shown in
Figure 1. Patients were randomly assigned to
two groups at the time of registration. An
independent investigator, who neither treated the
study patients nor knew their biochemical
profiles before the start of trial, monitored
randomization in order of entry of the subjects;
the group assignment details were immediately
delivered to individual investigators. The
randomization method was modified depending
on the presence or absence of diabetic nephropathy
and by ensuring a dynamic balance of serum

creatinine (Scr) concentrations, eGFRs, and
UP:Cr ratio values that were recorded at the time
of patient registration. Thus, the patients were
assigned to two groups that did not differ
significantly with regard to baseline patient
characteristics. After the initial evaluations,
patients were assigned to either the combination
therapy group or control group. The treatment
regimen for the patients in the combination
group was increased from a daily dose of losartan
50 mg to a fixed-dose combination of losartan 50
mg–hydrochlorothiazide 12.5 mg/day plus
losartan 50 mg/day for the 24-week study period
(total daily dose of losartan was 100 mg and
hydrochlorothiazide 12.5 mg). In the control
group, the daily dose of losartan was increased
from 50 to 100 mg (total daily dose of losartan
was 100 mg).

The target blood pressure was maintained at
less than 130/80 mm Hg, and the doses of all
antihypertensive agents administered were
maintained constant during the first 12 weeks of
the study. However, if the target blood pressure
was not achieved after 12 weeks, administration
of antihypertensive combination therapy with �-
blockers, �-blockers, �-�-blockers, diuretics
(other than potassium-sparing and thiazide
diuretics), and calcium channel blockers (other
than RAS inhibitors) was deemed appropriate.
After administration of the drugs, blood pressure
was measured in the outpatient clinic at fixed
times. Blood pressure was measured according to
the Japanese Society of Hypertension Guidelines
for the Management of Hypertension.14 On each
monthly visit to the outpatient clinic, the blood
pressure was measured by using a sphygmo-
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Figure 1. Schematic of the study protocol. HCTZ = hydrochlorothiazide.
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manometer (Nippon Colin Co. Ltd., Tokyo,
Japan); the measurements were performed twice
with the patient in the sitting position after a 5-
minute rest. All patients were provided guidance
on an appropriate diet and were especially
instructed to restrict sodium and protein intake.
At each clinic visit, patients were questioned
regarding their compliance with the treatment
regimen (diet and drug therapy), concomitant
drugs taken, and adverse events encountered.

The final doses of antihypertensive agents
administered and the monthly costs incurred in
the two groups were calculated at the 12th week
of treatment on the basis of the drug prices in
Japan as of January 2009. Mean blood pressure
(MBP) was calculated at baseline and at weeks 12
and 24 as follows: MBP = [diastolic + (systolic −
diastolic)/3]. In addition, the monthly cost of
lowering the MBP by 1 mm Hg was calculated at
weeks 12 and 24 as follows: [(monthly costweek 12) −
(monthly costbaseline)]/[(MBPbaseline) − (MBPweek 12)]
and [(monthly costweek 24) − (monthly
costbaseline)]/[(MBPbaseline) − (MBPweek 24)]. These
changes were compared between the two groups.

Biochemical Assessments

All parameters that reflected drug effects were
evaluated 8 weeks before the study was started
and at the following time points: baseline, weeks
4 and 12, and end of study (week 24).
Laboratory tests such as those for measuring Scr
concentration, hemoglobin A1c (A1C), and
fasting plasma glucose, hemoglobin, aspartate
aminotransferase, alanine aminotransferase, total
cholesterol, low-density lipoprotein cholesterol,
triglyceride, potassium, and uric acid levels were
performed by using routine clinical procedures
with commercially available kits. Insulin
resistance was assessed with use of the homeo-
stasis model for assessment of insulin resistance
(HOMA-IR), in which the HOMA-IR value was
calculated as follows: fasting glucose level
(mg/dl) × fasting insulin value (µIU/ml)/405.

Urinary protein excretion was assessed by
measuring the urinary concentrations of protein
and creatinine (protein:Cr ratio). Urinary
protein levels were measured by using the
Pyrogallol-red method. On each visit, safety
variables and patient compliance with the
treatment regimen were assessed.

The GFR was estimated by using the final
modified equation recommended for Japanese
patients by the Japanese Society of Nephrology–
Chronic Kidney Disease Initiatives (JSN-CKDI)

because the eGFR values obtained by this method
are more accurate for application in Japanese
patients with CKD.15 The eGFR (ml/min/1.73 m2)
was calculated as follows: 194 × Scr

-1.094 × age-0.287

(× 0.739 if female).

Statistical Analysis

All values are expressed as the mean ± SD. We
used the unpaired t test or the Fisher exact test to
compare the baseline characteristics of patients in
the combination therapy group with those in the
control group. The differences between the two
groups with regard to the changes in the systolic
and diastolic blood pressures were tested by
performing a repeated-measures analysis of
variance (ANOVA) according to a general linear
model. If the ANOVA revealed an overall
significant difference, pairwise comparisons
defined a priori were performed by using the
Student t test without adjustments for multiple
tests. Changes in the Scr concentrations and the
UP:Cr ratio within each group were analyzed by
using the paired t test. The unpaired t test was
used to compare the Scr concentrations and
UP:Cr ratios between the combination therapy
and control groups. The statistical significance
was set at a p value less than 0.05.

Results

Baseline Characteristics

Between August 2007 and October 2008, 60
patients were enrolled in the study; all patients
remained throughout the 24-week duration of
the study period and were included in the
analysis. Baseline patient characteristics for the
two treatment groups are shown in Table 1, and
antihypertensive drugs administered at baseline
are shown in Table 2. No significant differences
were noted between the groups with regard to the
baseline characteristics or the proportion of
patients with diabetic nephropathy. During the
treatment period, antihypertensive drugs (other
than an RAS inhibitor or a thiazide diuretic) were
administered to four patients in the combination
therapy group (calcium channel blocker in four,
�-blocker in one) and 12 patients in the control
group (calcium channel blocker in 11,
furosemide in two, �-blocker in one).

Blood Pressure–Lowering Effect

Figure 2 shows the changes in the systolic and
diastolic blood pressures during the study period.
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The recommended target blood pressure (130/80
mm Hg) was achieved in 14 patients (46.7%) in
the combination group during the study period,
but was achieved in only four patients (13.3%) in
the control group. When compared with the
baseline values, the systolic and diastolic blood
pressures exhibited a significant reduction at 4
weeks after the combination therapy was started.
In the combination therapy group at week 24, the
systolic blood pressure reduced from 158.2 ±
12.6 mm Hg at baseline to 133.0 ± 10.2 mm Hg
(-15.1 ± 7.5%), and the diastolic blood pressure
from 89.6 ± 9.4 mm Hg at baseline to 79.0 ± 7.5
mm Hg (-12.1 ± 6.1%). However, in the control
group at week 24, the reduction in systolic blood
pressure was from 157.9 ± 13.3 mm Hg at
baseline to 144.9 ± 9.0 mm Hg (-8.2 ± 4.3%), and

that of diastolic blood pressure was from 89.6 ±
9.8 mm Hg at baseline to 83.0 ± 6.6 mm Hg (-7.2
± 4.0%). Losartan-hydrochlorothiazide therapy
reduced the systolic and diastolic blood pressures
by 24.7 and 9.4 mm Hg from the baseline,
respectively.

Renoprotective Effects

As shown in Figure 3, the Scr concentrations
were significantly increased in both groups after
24 weeks of treatment (from 1.39 ± 0.28 to 1.42
± 0.29 mg/dl in the combination group and from
1.38 ± 0.33 to 1.45 ± 0.30 mg/dl in the control
group); however, these increases were not
significantly different between the two groups.
Furthermore, the eGFRs were significantly
reduced in both groups at the end of the study
(from 38.7 ± 6.5 to 38.0 ± 7.5 ml/min/1.73 m2 in
the combination group and from 38.6 ± 6.6 to
37.8 ± 7.3 ml/min/1.73 m2 in the control group).

As shown in Figure 4, a steady and significant
decrease was noted in the UP:Cr ratio for the
combination group from the fourth week to the
last week (2176 ± 2070 mg/g Cr) of treatment,
and this value was lower than the baseline value
(3596 ± 3471 mg/g Cr). However, the control
group exhibited a statistically significant
reduction in this ratio only from the 12th week
to the end of the study. From 4 weeks up to the
end of the treatment, the percent change in this
ratio from the baseline value was significantly
lower in the combination therapy group than in
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Table 1. Baseline Characteristics of the Study Patients

Losartan-HCTZ
Group Control Group

Characteristic (n=30) (n=30)
No. (%) of Patients

Male/female 20 (67)/10 (33) 19 (63)/11 (37)
Causative disease

Diabetic nephropathy 15 (50) 15 (50)
Chronic glomerulonephritis 10 (33) 10 (33)
Hypertensive nephrosclerosis 5 (17) 5 (17)

Mean ± SD
Age (yrs) 66.1 ± 13.4 67.8 ± 11.3
Body mass index (kg/m2) 23.6 ± 0.9 23.0 ± 0.8
Serum albumin (g/dl) 3.9 ± 0.4 3.9 ± 0.4
Blood pressure (mm Hg)

Systolic 158.2 ± 12.6 157.9 ± 13.3
Diastolic 89.6 ± 9.4 89.6 ± 9.8

Serum creatinine (mg/dl) 1.39 ± 0.28 1.38 ± 0.33
Urinary protein:creatinine 3596 ± 3471 3321 ± 3221
ratio (mg/g)

No statistically significant differences for any characteristic were noted between groups.
HCTZ = hydrochlorothiazide.

Table 2. Baseline Drug Therapies

No. (%) of Patients
Losartan-HCTZ Control

Group Group
Drug (n=30) (n=30)
ACE inhibitor 15 (50) 15 (50)
Calcium channel blocker 15 (50) 16 (53)
Loop diuretic 6 (20) 6 (20)
�-Blocker 8 (27) 9 (30)
�-Blocker 2 (7) 3 (10)
�-�–Blocker 1 (3) 1 (3)
Central sympatholytic agent 0 (0) 0 (0)
No statistically significant differences for any drug were noted
between groups.
HCTZ = hydrochlorothiazide; ACE = angiotensin-converting enzyme.
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Figure 2. Mean ± SD changes in systolic and diastolic blood pressure for the 30 patients in each treatment group during the
study period. HCTZ = hydrochlorothiazide. ap<0.05 vs baseline; bp<0.05 vs control group.
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the control group (combination therapy -30.1 ±
28.2% vs control -14.8 ± 26.1% at week 24,
p<0.01). However, a considerable decrease was
noted in the UP:Cr ratio in both groups after 24
weeks of treatment, and this decrease was
significantly different between the two groups
(combination therapy 2176 ± 2070 vs control
2880 ± 2380 mg/g Cr, p<0.05).

Among the 15 patients with diabetes in each
group, the Scr concentrations increased signifi-

cantly, whereas the eGFRs decreased significantly
(Figures 5 and 6). In the 15 patients without
diabetes in each group, however, no significant
changes were noted in Scr concentrations and
eGFR values during the study period. Although
the UP:Cr ratio decreased among the patients
with diabetes in both groups, the reduction in
proteinuria was more significant in the
combination therapy group than in the control
group after 24 weeks of treatment. In addition,
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Figure 5. Mean ± SD changes in serum creatinine concentrations from baseline in the patients stratified into two groups:
patients with diabetes (15 in each treatment group) and without diabetes (15 in each treatment group). ap<0.05; bp<0.01 vs baseline.
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the UP:Cr ratio recorded for the patients without
diabetes at 24 weeks was significantly lower in
the combination therapy group than in the
control group (Figure 7).

Effects on Biochemical Parameters

Although the 60 patients were not obese (mean
± SD body mass index [BMI] of all patients 23.3
± 0.85 kg/m2) and their blood glucose and lipid
levels at baseline were well controlled, their
blood pressure was not under control in either of

the groups. As shown in Table 3, the levels of the
metabolic markers, including fasting plasma
glucose, A1C, HOMA-IR, and lipid levels, were
not significantly different between the two
groups during the study period. Although no
significant changes were observed in the serum
potassium levels, the uric acid levels of the
patients in the combination therapy group were
slightly higher toward the end of the study
compared with the corresponding baseline levels.
However, the uric acid levels tended to decline in
the control group.
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Figure 8. Mean ± SD monthly cost of the drugs and monthly cost of lowering the mean blood pressure by 1 mm Hg for the 30
patients in each treatment group during the study period. NS = not significant.

0

50

100

150

200

250

Before 12 Weeks 24 Weeks

NS

U
.S

.D
ol

la
rs

/M
on

th

U
.S

.D
ol

la
rs

/m
m

H
g/

M
on

th

NS NS

0

10

20

30

40

50

60

p<0.0001 p<0.0001

12 Weeks 24 Weeks

Monthly cost of lowering 1 mm Hg of mean blood pressureMonthly cost of drugs

Losartan–HCTZ combination group

Control group

4.4 ± 1.3

19.3 ± 30.2

4.4 ± 2.0

13.7 ± 20.8

Figure 7. Mean ± SD changes in the urinary protein:creatinine ratios from baseline in the patients stratified into two groups:
patients with diabetes (15 in each treatment group) and without diabetes (15 in each treatment group). ap<0.05; bp<0.01; cp<0.0001
vs baseline; dp<0.05 vs control group.

0
1000
2000
3000
4000
5000
6000

7000
8000
9000

0
1000
2000
3000
4000
5000
6000

7000
8000
9000

Baseline 4 24

Week Week

12 Baseline 4 2412

U
rin

ar
y

P
ro

te
in

:C
re

at
in

in
e

R
at

io
(m

g/
g)

U
rin

ar
y

P
ro

te
in

:C
re

at
in

in
e

R
at

io
(m

g/
g)

a

a a a, d

a
a

b c
c, d

a
a

a

Patients with diabetes Patients without diabetes

Losartan–HCTZ combination group

Control group

Losartan–HCTZ combination group

Control group



EFFECTS OF LOSARTAN-HYDROCHLOROTHIAZIDE IN CHRONIC KIDNEY DISEASE Abe et al

Treatment Compliance

Treatment compliance was not significantly
different before and after the study in either
group: combination therapy group 98.0 ± 3.4%
and 98.6 ± 2.4% before and after the study,
respectively; control group 97.8 ± 3.3% and 97.7
± 3.7% before and after the study, respectively.

Monthly Cost and Cost-Effectiveness of Each
Treatment Strategy

No significant differences were noted between
monthly costs incurred by both groups during the
treatment. However, the monthly cost of lowering
the mean blood pressure by 1 mm Hg was higher
in the control group than in the combination
therapy group. The cost-effectiveness of lowering
blood pressure was higher in the combination
therapy group (Figure 8).

Adverse Events

During the observation period, none of the
patients in either group exhibited a significant
increase in the occurrence of adverse effects such
as liver impairment, skin rash, or frequent
urination. Further, none of the patients required
renal replacement therapy for hyperkalemia or
progressive loss of renal function during this
period.

Discussion

In this study, we demonstrated that daily
treatment of hypertensive patients with CKD and
significant proteinuria (UP:Cr ratio > 300 mg/g

Cr) with losartan 100 mg plus low-dose
hydrochlorothiazide 12.5 mg was more beneficial
than daily treatment with losartan 100 mg alone.
We found that the losartan-hydrochlorothiazide
treatment administered for 24 weeks significantly
reduced blood pressure in Japanese patients with
hypertension and stage 3 CKD with proteinuria
without having any adverse metabolic effects.
There was an increase in Scr concentrations and a
decrease in eGFRs in both groups, but no
significant differences were noted between the
groups. Therefore, this decline in renal function
was not considered as an adverse effect but a
natural event observed in patients with CKD.

Considering the prognostic impact of the
reduction of proteinuria on long-term renal
outcomes, it is recommended that the dosage of
RAS-inhibiting agents be titrated for achieving
the maximal antiproteinuric effect. Even in
patients undergoing treatment with ARBs and/or
ACE inhibitors, active intervention for proper
blood pressure control is important because
blood pressure reduction associated with an
improvement in proteinuria reduces the risk of
end-stage renal disease and cardiovascular
events.16–18 However, continued treatment with
the maximum dose of ACE inhibitors, ARBs, or a
combination of these drugs is not suitable for
some patients because these agents may cause
hypotension, hyperkalemia, anemia, and acute
reduction in the GFR.19–21

In our study, however, treatment with the
combination of losartan and hydrochlorothiazide
was able to be continued in all patients with no
adverse metabolic effects. If the patients had not
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Table 3. Biochemical Measurements at Baseline and at End of Study Period

Losartan-HCTZ Group Control Group
(n=30) (n=30)

Variable Baseline End of Study Baseline End of Study
Fasting plasma glucose (mg/dl) 116 ± 28 119 ± 37 106 ± 31 109 ± 29
Hemoglobin A1c (%) 5.78 ± 0.82 5.95 ± 1.32 5.65 ± 0.92 5.68 ± 1.22
HOMA-IR 3.39 ± 2.39 3.52 ± 2.26 3.28 ± 2.02 3.32 ± 2.21
Hemoglobin (g/dl) 12.4 ± 1.0 12.3 ± 1.1 12.0 ± 1.0 12.2 ± 1.0
Aminotransferase levels (U/L)

Aspartate 12.9 ± 2.9 13.0 ± 2.8 13.6 ± 2.4 13.7 ± 2.5
Alanine 13.8 ± 2.3 14.0 ± 2.0 13.9 ± 2.6 13.4 ± 1.9

Cholesterol levels (mg/dl)
Total 205 ± 39 202 ± 44 194 ± 41 200 ± 38
Low-density lipoprotein 118 ± 34 116 ± 42 112 ± 37 110 ± 36

Triglycerides (mg/dl) 155 ± 75 146 ± 69 163 ± 68 153 ± 71
Potassium (mEq/L) 4.6 ± 0.6 4.6 ± 0.5 4.5 ± 0.5 4.6 ± 0.5
Uric acid (mg/dl) 7.5 ± 1.9 7.8 ± 1.7 7.5 ± 1.8 7.3 ± 1.6
Data are mean ± SD.
No statistically significant differences for any variable were noted between groups.
HCTZ = hydrochlorothiazide; HOMA-IR = homeostasis model assessment for insulin resistance.
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developed hyperkalemia during the baseline
treatment with losartan 50 mg, it was considered
safe to treat them with the fixed-dose
combination of losartan-hydrochlorothiazide
along with losartan 50 mg. This is because
thiazide is known to have a diuretic effect and,
hence, excess potassium would not accumulate
in these patients. Nevertheless, we considered
the possibility of a decrease in the GFR due to
the reduction in the renal blood flow rate
induced by the diuretic effect of the drug. Hence,
hydrochlorothiazide treatment may not be
suitable for patients in the advanced stages of
CKD (stages 4 and 5) because it can induce
hyperuricemia and lead to elevation of Scr
concentrations; however, it can have beneficial
effects in patients in the earlier stages of CKD
(e.g., stage 3). Furthermore, thiazide diuretics
are speculated to be more effective than other
agents for treating hypertension in Japanese
patients due to the traditionally high sodium
content in their diet (~10–13 g/day); however,
these agents may induce sodium sensitivity in
Japanese patients.22–25 Furthermore, it has been
reported that sodium restriction and adminis-
tration of hydrochlorothiazide are equally
effective in reducing proteinuria and blood
pressure when administered in combination with
an ARB and are particularly beneficial in patients
with proteinuria who are resistant to RAS
blockade therapy.26 In addition, urinary kidney
injury molecule-1 might be involved in tubular
damage resulting in proteinuria that consequently
decreases with losartan-hydrochlorothiazide
therapy.27 Since the fixed-dose combination
therapy along with sodium restriction was the
most effective against proteinuria and
hypertension, administration of the losartan-
hydrochlorothiazide fixed-dose combination
agent, in addition to sodium restriction, can be
considered an ideal therapeutic agent for use in
Japanese patients. Also, it can be included in the
list of drugs recommended as first-line treatment
against hypertension in patients with relatively
early stage CKD.

Since thiazide diuretics may cause glucose
intolerance, we also evaluated the effects of
losartan-hydrochlorothiazide therapy on glucose
metabolism and insulin resistance in this study.
In addition to lowering blood pressure, ARBs
exhibit antiatherogenic effects by blocking
angiotensin II, thereby reducing oxidative stress,
inflammation, vasoconstriction, and thrombosis.28, 29

The ARBs, particularly telmisartan and olmesartan,
also exert antidiabetic effects by regulating

insulin sensitivity.30–33 However, clinical tests
performed by using HOMA-IR revealed that the
losartan-hydrochlorothiazide combination agent
did not reduce glucose metabolism or aggravate
insulin resistance.

In our study, the losartan dose was not altered
for either of the groups during the study period.
Therefore, we considered that the reduced values
of UP:Cr ratio recorded for the combination
therapy group may be attributed to not only the
renoprotective effect of the RAS inhibitor, but
also the blood pressure–lowering effect of the
thiazide diuretics administered at low doses.
Although the Scr concentrations and the eGFRs
recorded for the patients without diabetes did not
worsen during the study period, urinary protein
excretion was more significantly reduced in these
patients in the combination therapy group than
in the control group. Although the Scr concen-
trations were higher and the eGFRs were lower in
the patients with diabetes of both groups, urinary
protein excretion was significantly reduced
among these patients in the combination therapy
group compared with the control group. The
decrease in urinary protein excretion might have
been a result of the decrease in GFR; however, we
found that there was no significant difference in
the eGFRs and Scr concentrations between groups
at the end of the study. Nevertheless, the fact
that the urinary protein excretion was signifi-
cantly lower among the patients in the combi-
nation therapy group suggested that the blood
pressure–lowering effect of hydrochlorothiazide
largely contributed to its antiproteinuric effect.
Furthermore, a low dose of hydrochlorothiazide
may be effective in reducing proteinuria and
blood pressure when administered along with
losartan and is specifically beneficial in patients
in whom proteinuria is resistant to RAS blockade.

Although many patients were treated with two
or more antihypertensive agents, including a
calcium channel blocker, loop diuretic, or �-
blocker, the target blood pressure was not
achieved in any of the patients at baseline. Thus,
it was very difficult to control blood pressure in
patients with CKD. Nevertheless, the target
blood pressure was achieved in 46.6% of the
patients who received losartan-hydrochloro-
thiazide fixed-dose combination therapy. In
contrast, target blood pressure was achieved in
only 13.3% of patients in the control group. The
use of fixed-dose drug combinations has enabled
clinicians to prescribe two drugs as a single tablet
and can improve hypertension control, simplify
treatment regimens, enhance patient compliance,
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reduce adverse reactions, and save costs.34, 35 One
of the interesting findings of our study was the
cost-effectiveness of the combination therapy.
The ARBs, which are newly developed anti-
hypertensive drugs, are more expensive than
hydrochlorothiazide. In addition, our results
suggested that blood pressure control, reduction
in urinary protein excretion, and cost-
effectiveness achieved by increasing the usual
dose of losartan 50 mg administered to
hypertensive patients with CKD to 100 mg is less
than that achieved by the administration of the
fixed-dose combination of losartan 50 mg and
hydrochlorothiazide 12.5 mg along with the daily
dose of losartan 50 mg.

In this study, 24-hour urine samples could not
be collected because this process would have
been inconvenient for outpatients. Although
analysis of 24-hour urine samples is considered
as the gold standard and is suggested to be the
best practice for performing investigations such
as those performed in our study, several
investigators have demonstrated that the UP:Cr
ratio values determined with spot urine samples
are well correlated with the daily urinary protein
excretion.36–39 The Kidney Disease Outcomes
quality Initiative of the National Kidney Foundation
(NKF-K/DOqI) group has recommended the
collection of the first morning urine sample or
randomized urine samples for monitoring
proteinuria in patients with established kidney
disease.40 Therefore, although there are some
limitations associated with the collection of spot
urine samples, this process may be appropriate
enough for clinical practice.

The small sample size and the short duration of
treatment were the limitations of our study.
Therefore, the changes in Scr concentrations were
too minor for adequate evaluation of the
influence of losartan-hydrochlorothiazide
combination therapy on CKD. Although the
urinary protein excretion levels of the patients
with diabetes had improved, their renal function
worsened slightly with a decrease in blood
pressure. Additional long-term investigations
would be required to accurately assess the
renoprotective effect of combination therapy with
losartan and low-dose hydrochlorothiazide in
patients with diabetes.

Conclusion

The addition of the fixed-dose combination of
losartan 50 mg–hydrochlorothiazide 12.5 mg to
the usual dose of losartan 50 mg is a useful

therapeutic strategy for controlling blood
pressure, considering the cost-effectiveness and
the renal protection it provides in hypertensive
patients with stage 3 CKD. Our results suggest
that the additional administration of the fixed-
dose combination treatment with low-dose
hydrochlorothiazide and losartan 100 mg
ameliorated proteinuria and reduced blood
pressure more effectively than treatment with
losartan 100 mg alone in patients with stage 3
CKD, irrespective of whether the patients had
diabetes.
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