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This study investigated the effects and safety of eplerenone or thiazide diuretics in 
patients with hypertension and albuminuria (pretreatment urinary albumin/creatinine 
ratio  ≥10 mg/gCr) treated with an angiotensin II receptor blocker . The primary end 
point was the mean percent change in the urinary albumin/creatinine ratio from base-
line to 48 weeks. An efficacy analysis was performed in 195 patients (98 in the 
eplerenone group and 97 in the thiazide group). Systolic and diastolic blood pressures 
at 48 weeks were similar in the two groups. The mean percent change in the urinary 
albumin/creatinine ratio from baseline to 48 weeks was similar in the two groups 
(P=.804). In the safety analysis, the withdrawal rates for adverse events were similar in 
both groups. The antialbuminuric effects and safety of eplerenone therapy were simi-
lar to those of thiazide diuretics when combined with an angiotensin II receptor 
blocker in patients with hypertension and albuminuria.
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1  | INTRODUCTION

Albuminuria is a potent risk factor of not only end-stage renal disease 
but also cardiovascular disease.1-4 The renin-angiotensin system (RAS) 
plays an important role in the development of hypertension and al-
buminuria, and thus strategies targeting treatment of albuminuria in 
the combination of RAS inhibitors and other hypertensive drugs are 
of great interest.5-7

The efficacy of low-dose thiazide diuretics established it as an ad-
ditional drug to RAS inhibitors.8,9 In contrast, close involvement of the 
aldosterone breakthrough has been reported in the development of 
refractory hypertension and organ damage in patients being treated 
with RAS inhibitors,10-12 and the efficacy of inhibition of this phe-
nomenon by combination treatment with mineralocorticoid receptor 
antagonists has been reported.13,14 A new mineralocorticoid receptor 
antagonist, eplerenone, has fewer adverse events compared with spi-
ronolactone,15 and thus is expected to play an important role in the 
treatment of hypertension.

The objective of this study was to investigate the effects and 
safety of the combination of eplerenone with angiotensin II re-
ceptor blockers (ARBs) by comparing them with those of thiazide 
diuretics in patients with hypertension. We hypothesized that epler-
enone would have a higher antialbuminuric effect than thiazides in 
patients with hypertension and albuminuria when combined with 
an ARB.

2  | MATERIALS AND METHODS

2.1 | Study design

OWASE (the Optimal Hypertension Therapy With Aldosterone 
Blocker Selara study) was a multicenter, prospective, open-label ran-
domized controlled trial conducted between June 2011 and March 
2014 in 12 hospitals in Mie Prefecture, Japan. The random assign-
ment, data collection, and analyses were performed by the Clinical 
Research Support Center of Mie University. This study was registered 
with the University Hospital Medical Information Network-Clinical 
Trials Registry (UMIN-CTR No: 000005956). The ethics committee 
of Mie University Hospital approved the study protocol (No. 2157) 
in accordance with the Declaration of Helsinki, and all patients gave 
written informed consent to participate.

2.2 | Participants

Patients with ARB-treated hypertension and albuminuria were re-
cruited into the present study if they satisfied the inclusion and exclu-
sion criteria (Table 1). Inclusion criteria were age 20 years and older; 
pre-enrolled urinary albumin/creatinine ratio (UACR) ≥10 mg/gCr in 
spot urine; seated office systolic blood pressure (BP) ≥130 mm Hg 

TABLE  1  Inclusion and exclusion criteria

Inclusion criteria

1. Age ≥20 y

2. Pre-enrolled UACR ≥10 mg/gCr in spot urine

3. Seated office systolic BP ≥130 mm Hg and/or diastolic BP 
≥80 mm Hg in patients with urinary protein <1 g/d, or systolic 
BP ≥125 mm Hg and/or diastolic BP ≥75 mm Hg in those with 
urinary protein ≥1 g/d

4. ARB treatment for at least 3 mo

Exclusion criteria

1. Uncontrolled hypertension (systolic BP ≥220 mm Hg and/or 
diastolic BP ≥110 mm Hg)

2. Unstable angina pectoris; myocardial infarction within 6 mo

3. Severe heart failure with NYHA class ≥III

4. Frequent ventricular and/or atrial extrasystoles, prolonged 
ventricular tachycardia, atrial tachyarrhythmia, sick sinus 
syndrome, and/or atrioventricular block

5. eGFR <36 mL/min/1.73 m2

6. Severe liver dysfunction with Child-Pugh class C

7. Active cancer

8. Serum potassium ≥5.0 mEq/L

9. Diabetic microalbuminuria (UACR ≥30 mg/gCr) or proteinuria

10. Supplementation of potassium or administration of potassium-
sparing diuretics

11. Administration of itraconazole, ritonavir, or nelfinavir

12. Administration of steroids or immunosuppressants

13. Possibility of pregnancy

14. Patients already receiving the study drugs (eplerenone or 
thiazide diuretic)

15. Patients with allergies or contraindications to the study drugs

Abbreviations: ARB, angiotensin II receptor blocker; BP, blood pressure; 
eGFR, estimated glomerular filtration rate; NYHA, New York Heart 
Association; UACR, urinary albumin/creatinine ratio.
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and/or diastolic BP ≥80 mm Hg in patients with urinary protein 
<1 g/d, or systolic BP ≥125 mm Hg and/or diastolic BP ≥75 mm Hg 
in those with urinary protein ≥1 g/d; and ARB treatment for at least 
3 months. BP criteria for inclusion was determined according to the 
Japanese Society of Hypertension Guidelines for the Management 
of Hypertension (JSH 2009).16 Exclusion criteria were uncon-
trolled hypertension (systolic BP ≥220 mm Hg and/or diastolic BP 
≥110 mm Hg); unstable angina pectoris; myocardial infarction within 
6 months; severe heart failure (New York Heart Association class III 
or higher); frequent ventricular and/or atrial extrasystoles, prolonged 
ventricular tachycardia, atrial tachyarrhythmia, sick sinus syndrome 
and/or atrioventricular block; estimated glomerular filtration rate 
(eGFR) <36 mL/min/1.73 m2; severe liver dysfunction with Child-
Pugh class C; active cancer; serum potassium ≥5.0 mEq/L; diabetic 
microalbuminuria (UACR ≥30 mg/gCr) or proteinuria; supplementa-
tion of potassium or administration of potassium-sparing diuretics; 
administration of itraconazole, ritonavir, or nelfinavir; administration 
of steroids or immunosuppressants; possibility of pregnancy; patients 
already receiving the study drugs (eplerenone or thiazide diuretic); pa-
tients with allergies or contraindications to the study drugs.

2.3 | Intervention

At randomization, eligible study patients were randomly assigned to re-
ceive either eplerenone (50 mg daily) or a thiazide diuretic (hydrochlo-
rothiazide 12.5 mg daily or trichlormethiazide 1 mg daily) once daily in 
the morning by a minimization method that took into account the fol-
lowing factors: office systolic BP (<140 mm Hg, ≥140 mm Hg), UACR 
(10≤UACR<30 mg/gCr, 30≤UACR<300 mg/gCr, UACR≥300 mg/
gCr), dosage of ARB (low dose, usual dose, high dose), and study in-
stitution. The usual dose of ARB was determined as follows: losar-
tan 50 mg/d, candesartan 8 mg/d, valsartan 80 mg/d, telmisartan 
40 mg/d, olmesartan 20 mg/d, and irbesartan 100 mg/d. The study 
medications were initiated within 8 weeks after randomization.

At week 0, baseline BP and laboratory dates were measured in all 
patients. They were then scheduled to visit at weeks 8, 16, 24, 32, 
and 40, and 12 months or 48 weeks as the day of their final visit. The 
study protocol was originally designed to assess the primary end point 
at 12 months (365 days) ±2 weeks. However, the day of final visit 
was modified to 48 weeks (336 days) ±2 weeks in the middle of the 
study period to allow participating institutions to schedule patient of-
fice visits more conveniently. At each visit, office BPs were measured 
two times with an interval of 1 or 2 minutes, and were averaged in 
the morning after several minutes of rest. Patients were instructed 
to avoid intake of caffeine or alcohol-containing beverages from 
early morning and to stop smoking at hospital visits. The target of-
fice BP was <130/80 mm Hg in patients with urinary protein <1 g/d 
and <125/75 mm Hg in those with urinary protein ≥1 g/d. These 
office BP targets used in the present study were determined by the 
Japanese guidelines (JSH 2009)16 clinically used in 2011 when the 
study protocol was finalized. These BP targets were lower than those 
recommended in our current guidelines. If patients failed to achieve 
target BP control at all 6 visits before their final visit, physicians were 

encouraged to add antihypertensive drugs including a calcium channel 
blocker, an α-blocker, and/or a β-blocker and to increase the dosages 
of these drugs until the target BP was reached. Dose modification of 
study-related drugs (ARBs, eplerenone, and thiazide diuretics) was 
prohibited.

Renal function, uric acid, electrolytes, lipid profile, and blood glu-
cose were measured by blood examination, and urine protein (urine 
protein/Cr ratio) and UACR were measured at each visit. The urinary 
albumin concentration was measured by immunoturbidimetry at each 
participant institution. eGFR was calculated using the Modified Diet in 
Renal Disease formula modified by the Japanese Society of Nephrology 
(for men, 194×serum Cr levels−1.094×age−0.287; for women, 194×serum 
Cr levels−1.094×age−0.287×0.739).17 Glycated hemoglobin, brain natri-
uretic peptide, plasma renin activity, aldosterone, and brachial-ankle 
pulse wave velocity were also measured at week 0 and at the final 
visit. When serum potassium level was elevated above 5.5 mEq/L (but 
<6.0 mEq/L), patients were asked to take eplerenone every 2 days by 
their physicians with careful observation. When serum potassium level 
was elevated above 6.0 mEq/L, treatment with eplerenone was dis-
continued. If other study drug–related adverse events occurred, the 
drugs were reduced or stopped at the discretion of the physicians.

2.4 | End points

The primary end point was the mean percent change in UACR from 
baseline to the final visit. The secondary end points were changes in 
office BP, eGFR, brain natriuretic peptide, brachial-ankle pulse wave 
velocity, and adverse events that required withdrawal of eplerenone 
or the thiazide diuretic.

2.5 | Sample size calculation

One previous study showed a 41% to 48% reduction in UACR by 50 
to 100 mg of eplerenone,18 and another study showed a 52% reduc-
tion in UACR after 50 to 200 mg of eplerenone.19 Assuming that 
the mean percent change in UACR in the eplerenone and thiazide 
diuretic groups are −50% and −40% (SD: 25% in both groups),18-21 
it was calculated that 100 patients would be necessary in each 
group if the significance level and power were set at 5% and 80%, 
respectively.

2.6 | Statistical analysis

For analyses of the primary and secondary end points, analyses in-
volving the full analysis set were regarded as the main analyses. The 
full analysis set was defined as a population consisting of enrolled 
patients treated at least once with a study drug in whom the pri-
mary end point, the percent change in the UACR at the final visit, 
can be calculated. Data are expressed as mean±SD in the Tables 
and mean±SE in the Figures. Continuous variables at week 0 were 
compared using an unpaired t test or Mann-Whitney U test after 
validation of normality, and nominal variables were analyzed using 
chi-square test. The mean percent change in the UACR from week 
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0 to the final visit was compared between the two groups using an 
unpaired t test. For BPs and the UACR, two-way repeated measures 
analysis of variance with post hoc analysis was applied to determine 
the main effects for group, time, and interaction, and to evaluate the 
differences between groups.

Patients who were treated at least once with a study drug after 
enrollment were defined as the safety analysis set. For comparison of 
discontinuation because of adverse events between the two groups, 
analyses involving the safety analysis set were performed using chi-
square test. In addition, as a subanalysis, subgroups with a urinary 
albumin level at 0 weeks of “high normal” (10≤UACR<30 mg/gCr), 
“microalbuminuria” (30≤UACR<300 mg/gCr), and “macroalbuminuria” 
(UACR ≥300 mg/gCr) were analyzed. Statistical analyses were per-
formed with SAS version 9.4 (SAS Institute). P<.05 was considered 
significant.

3  | RESULTS

3.1 | Participant flow

We enrolled 253 patients; 127 were assigned to receive eplerenone 
and 126 to thiazide diuretics (Figure 1). Of the allocated patients, 15 
patients were excluded before administration of study drugs and thus 
238 patients (eplerenone, n=117; thiazide, n=121) were included in 
the safety assessment. Ten of 117 patients in the eplerenone group 
and 12 of 121 patients in the thiazide group discontinued the study 
drugs mainly because of adverse events. The UACR was not measured 
at baseline or the last visit in 21 patients and thus the mean percent 
change in the UACR was assessed in 195 patients. The changes in 
office BP, eGFR, brain natriuretic peptide, and brachial-ankle pulse 
wave velocity were assessed in 195 patients, and adverse events that 
required withdrawal of eplerenone or thiazide diuretic were assessed 
in 238 patients.

3.2 | Baseline data

There was no significant difference between the two groups in systolic 
and diastolic BPs when randomized, but systolic BP was significantly 
higher in the thiazide group (eplerenone, 142.7±13.9 mm Hg; thiazide, 
147.2±16.3 mm Hg [P=.040]) at week 0 (Figure 2A). Systolic BP and 
history of myocardial infarction were the only differences in baseline 
characteristics between the two groups (Table 2). Serum creatinine 
was the only difference between the two groups in the clinical labora-
tory parameters, while the UACR tended to be higher in the thiazide 
group, without statistical significance (eplerenone, 90.9±120.8 mg/
gCr; thiazide, 179.5±584.2 mg/gCr; [P=.146]) (Table 3).

3.3 | Time courses in BP

Systolic and diastolic BPs reduced after the initiation of study drug ad-
ministration in both groups (time effect P<.001) with a significant inter-
action effect in the changes in systolic BP (interaction effect P=.034). 
The BPs were similar in the two groups at the final visit (systolic BP: 
134.8±15.2 mm Hg in the eplerenone group and 134.9±14.4 mm Hg 
in the thiazide group, diastolic pressure: 75.3±10.3 mm Hg in the 
eplerenone group and 74.3±10.2 mm Hg in the thiazide group [P=.940 
and 0.479, respectively]) (Figure 2A). The achievement rates of target 
BP at the final visit were similar between the two groups (eplerenone, 
33.0%; thiazide, 34.0% [P=.879]). Only 19.4% of patients in the 
eplerenone group and 15.5% in the thiazide group were prescribed ad-
ditional antihypertensive drugs during study drug administration.

3.4 | Time courses in albuminuria and primary 
end point

There was no statistical difference in UACR between the two groups 
at week 0, but several patients in the thiazide group had extremely 

F IGURE  1 Participant flow. The 
efficacy analysis was performed in 195 
patients with complete data sampling (98 
in the eplerenone group and 97 in the 
thiazide diuretic group)
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high UACR, resulting in high standard errors. UACR decreased after 
8 weeks only in the thiazide group, while there was no significant 
group×time interaction in the effects of the two treatments on UACR 
(Figure 2B). The mean percent change in the UACR at the final visit 
was not significantly different between the two groups (eplerenone, 
1.7%; thiazide, −1.4%, [P=.804]) (Figure 3).

3.5 | Secondary end points

Table 4A shows the results of the secondary end points. No significant 
differences were noted in the change of eGFR, brain natriuretic pep-
tide, or brachial-ankle pulse wave velocity between the two groups. 
Table 4B shows adverse events that required discontinuation of study 
drug administration in the two groups (eplerenone, n=117; thiazide, 
n=121). There was no significant difference in the incidence of ad-
verse events between the two groups (eplerenone, 6.8%; thiazide: 
7.4% [P=.857]). The most frequent causes of discontinuation were hy-
perkalemia (2 cases, 1.7%) in the eplerenone group and skin eruption 
(4 cases, 3.3%) in the thiazide group. Average baseline serum potas-
sium level in the eplerenone group (n=117) was 4.11±0.40 mEq/L and 
that in the hydrochlorothiazide group (n=121) was 4.18±0.45 mEq/L 
in patients analyzed by safety analysis set analysis. At the end of the 
intervention, the serum potassium level in the eplerenone group and 
hydrochlorothiazide group were 4.24±0.46 and 4.13±0.41 mEq/L, 
respectively. The percent change in serum potassium was 3.49% in 

the eplerenone group and −0.74% in the hydrochlorothiazide group 
(P=.001).

3.6 | Subanalysis

To minimize the confounding effect of baseline UACR values on their 
reduction after the administration of study drugs, subanalyses were 

FIGURE 2 Time course of blood pressure (BP) (A) and urinary 
albumin/creatinine ratio (UACR) (B). Data are mean±SE. *P<.05 vs 0 wk

TABLE  2 Baseline characteristics

Eplerenone (n=98) Thiazide (n=97) P value

Age, y 70.9±10.1 71.9±9.7 .500

Men 49 (50.0) 49 (50.5) >.999

Office blood pressure, mm Hg

Systolic 142.7±13.9 147.2±16.3 .040

Diastolic 79.4±11.8 79.1±10.4 .851

Pulse rate, beats per 
min

72.3±12.2 72.3±12.6 .962

Body mass index,  
kg/m2

24.7±3.5 24.8±4.4 .914

Smoking 9 (9.2) 2 (2.1) .058

Diabetes mellitus 14 (14.3) 22 (22.7) .144

Dyslipidemia 54 (55.1) 63 (64.9) .189

Cardiovascular diseases

Myocardial 
infarction

4 (4.1) 12 (12.4) .040

Stroke 10 (10.2) 16 (16.5) .213

Heart failure 5 (5.1) 3 (3.1) .721

Medications

Angiotensin receptor blocker 

Candesartan 30 (30.6) 34 (35.1) .409

Olmesartan 20 (20.4) 24 (24.7)

Valsartan 24 (24.5) 19 (19.6)

Telmisartan 17 (17.3) 11 (11.3)

Losartan 3 (3.1) 6 (6.2)

Irbesartan 4 (4.1) 1 (1.0)

Angiotensin receptor blocker dose 

High 17 (17.3) 17 (17.5) >.999

Medium 67 (68.4) 66 (68.0)

Low 14 (14.3) 14 (14.4)

Concomitant antihypertensive drugs

Calcium channel 
blocker

66 (67.3) 62 (63.9) .653

Alpha blocker 7 (7.1) 4 (4.1) .537

Beta blocker 25 (25.5) 20 (20.6) .497

Others

Statin 47 (48.0) 60 (61.9) .062

Insulin 2 (2.0) 2 (2.1) >.999

Antihyperuricemic 
drug

9 (9.2) 9 (9.3) >.999

Data are number (percentage) or mean±SD.
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performed in subgroups with baseline UACR (high normal, microalbumi-
nuria, and macroalbuminuria). Figures S1–S3 show time-course changes 
in BP and the UACR for subanalyses. Systolic and diastolic BPs at final 
visit were not significantly different between the two groups in all sub-
groups. The mean percent change in the UACR at final visit was not sig-
nificantly different between the two groups in all subgroups (Figure 3).

4  | DISCUSSION

The effects and safety of eplerenone, administered additionally to 
ARBs, were compared with those of thiazide diuretics in patients with 

hypertension who had albuminuria, and the mean percent change in 
UACR at about 48 weeks was similar in the two treatment groups, 
although the thiazide diuretic may have had a greater BP-lowering ef-
fect in the present study. In addition, there was no significant differ-
ence in the incidence of adverse events.

RAS inhibitors (angiotensin-converting enzyme inhibitor or ARB) 
are recommended as first-line drugs for patients with hypertension 
who have chronic kidney disease, and ARBs are more frequently used 
than angiotensin-converting enzyme inhibitors because of their strong 
antihypertensive effect and lower incidence of adverse events in 
Japan. However, to achieve target BP control, ARBs alone are some-
times insufficient, and multidrug combination therapy is necessary.22 

Eplerenone (n=98) Thiazide (n=97) P value

Serum creatinine, mg/dL 0.82±0.24 0.76±0.21 .044

eGFR, mL/min per 1.73 m2 67.0±18.2 76.2±47.8 .078

Uric acid, mg/dL 5.7±1.6 5.4±1.4 .205

Serum potassium, mEq/L 4.10±0.42 4.17±0.45 .268

Total cholesterol, mg/dL 182±28 183±30 .837

Triglycerides, mg/dL 117±62 128±120 .432

HDL cholesterol, mg/dL 57±17 60±16 .295

Blood glucose, mg/dL 105±21 107±33 .580

Glycated hemoglobin, % 5.8±0.5 5.9±0.5 .250

Plasma renin activity, ng/mL per h 3.2±4.5 2.5±3.7 .251

Plasma aldosterone, pg/mL 76.5±48.3 68.4±32.1 .177

BNP, pg/mL 45.9±60.9 44.0±53.8 .839

UACR, mg/gCr 90.9±120.8 179.5±584.2 .146

(mg/mmolCr) 9.09±12.1 18.0±58.4

Urine protein, g/gCr 0.19±0.21 0.27±0.48 .252

baPWV, cm/s 1896±502 1892±432 .966

Data are mean±SD. Abbreviations: baPWV, brachial-ankle pulse wave velocity; BNP, brain natriuretic 
peptide; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; UACR, urinary albu-
min/creatinine ratio.

TABLE  3 Baseline laboratory data

F IGURE  3 Changes from baseline in 
urinary albumin/creatinine ratio (UACR) at 
48 weeks. All patients and subanalysis
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Low-dose thiazide diuretics effectively reduce BP in combination with 
ARBs.23,24 Several previous studies reported that they have not only 
an antihypertensive but also a urinary protein–decreasing effect.25-27 
Separately, add-on therapy of spironolactone to RAS inhibitors in-
hibits the aldosterone breakthrough phenomenon and may lead to 
renal protection in patients with chronic kidney disease. Sato and 
colleagues13,28 demonstrated that add-on therapy of spironolactone 
to ARB treatment reduced urinary protein in patients with diabetes 
who experienced the aldosterone breakthrough phenomenon. In pa-
tients with resistant hypertension, some countries advocate low-dose 
spironolactone, however, spironolactone has not been widely used in 
the treatment of hypertension because of a high incidence of sex hor-
mone–related adverse events including gynecomastia. Eplerenone has 
been available since 2007 in Japan, and it causes fewer sex hormone–
related adverse events as a result of its negligible affinity for andro-
gen or progesterone receptors than spironolactone. Previous clinical 
studies reported that eplerenone significantly reduced urinary albu-
min compared with amlodipine or enalapril,19 but only a few studies 
have investigated its effect on albuminuria by comparison with thia-
zide diuretics.29 The lack of clinical data on eplerenone may have been 
because of restriction of its administration for patients with diabetic 
nephropathy with overt proteinuria and patients with chronic kidney 
disease with moderate or severe renal dysfunction.

Contrary to our expectations, UACR did not decrease from base-
line and the mean percent change was 1.7% after about 48 weeks 
of eplerenone treatment. In the subgroup analyses in patients with 
30≤UACR<300 mg/gCr, the mean percent change in UACR after 
about 48 weeks was more than 30% in both groups. In several pre-
vious studies, the urinary albumin reduction rate achieved by a min-
eralocorticoid receptor antagonist was −20% to −50%,18,19 and we 
determined the necessary number of patients based on these reports. 
However, the reduction in UACR was smaller in the present study 
compared with previous studies. Many previous studies selected pa-
tients with diabetes with a very high baseline urinary albumin level,30 
or patients without administration of RAS inhibitors.19 In the present 
study, since patients with 10≤UACR<30 mg/gCr, who had exhibited 
no decrease in UACR accounted for about half of the enrolled patients, 
the antialbuminuric effect of the BP reduction may not have readily 
appeared. These differences in baseline urine albumin levels and study 
protocols may partly explain the discrepancy.

There was no significant difference in the incidence of adverse 
events requiring discontinuation of study drug administration be-
tween the two groups. Combination therapy of RAS inhibitors such 
as ARBs and angiotensin-converting enzyme inhibitors effectively 
decreases urinary protein,31 but it is not recommended for the treat-
ment of hypertension because of a high incidence of adverse events 

TABLE  4   Secondary end points and adverse events that required withdrawal of a study drug

(A) Secondary end points

Eplerenone (n=98) Thiazide (n=97) P value

Change in systolic BP, mm Hg −8.0±13.5 −12.4±15.5 .037

Change in diastolic BP, mm Hg −4.4±8.9 −5.1±11.0 .629

Change in eGFR, mL/min per 1.73 m2 −4.2±10.1 −11.0±42.0 .084

Change in BNP, pg/mL −1.2±44.9 3.0±40.5 .872

Change in baPWV −102±341 −65±243 .281

(B) Adverse events that required withdrawal of study drug

Eplerenone (n=117) Thiazide (n=121) P value

8 (6.8) 9 (7.4) .857

Hyperkalemia 2 0

Hypokalemia 0 1

Heart failure 1 0

Edema 1 0

Headache 1 0

Memory disorder 1 0

Thirstiness 1 0

Skin eruption 0 4

Hypotension 0 2

Polyuria 0 1

Renal dysfunction 0 1

Other 1 0

Data are mean±SD (Table 4A). Data are number (percentage) (Table 4B). Abbreviations: baPWV, brachial-ankle pulse wave velocity; BNP, brain natriuretic 
peptide; BP, blood pressure; eGFR, estimated glomerular filtration rate.
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including hyperkalemia.32,33 However, the incidence of hyperkalemia 
in the combination of an ARB and eplerenone was within the accept-
able range in the present study. For patients with relatively mild renal 
disease, the combination of an ARB and eplerenone is as safe as the 
combination of an ARB and thiazide diuretics.

In the present study, only about 30% of patients achieved the tar-
get BP by additional administration of eplerenone or thiazide diuret-
ics according to JSH 2009.16 About 65% of the enrolled patients had 
already been treated with a calcium channel blocker in the present 
study, which might narrow the choices of additional antihypertensive 
agent after study drug administration even when BP control was sub-
optimal. Indeed, only 19.4% in the eplerenone group and 15.5% in 
the thiazide group were prescribed additional antihypertensive drugs 
during study drug administration.

4.1 | Limitations

There were several limitations to this study. Baseline systolic BP at 
week 0 was significantly higher in the thiazide group despite being one 
of the allocation factors for randomization. Urinary albumin level at 
baseline, measured at each participant institution not at a central labo-
ratory, tended to be higher in the thiazide group. The present study 
protocol was originally designed to assess the primary end point at 
12 months (365 days) ±2 weeks. However, the day of final visit was 
modified to 48 weeks (336 days) ±2 weeks in the middle of the study 
period to allow the participating institution to schedule patient office 
visits more conveniently. As a result, the final visit ranged between 
322 and 379 days, which may have influenced the study results. In 
addition, the number of excluded patients from the efficacy analysis 
was not small, partly because of incomplete bladder emptying for urine 
sampling. Twenty-four-hour urine collections were not included in the 
present study. Salt intake and the effects of the study drug were not 
investigated in the enrolled patients.34 We hypothesized that 50 mg 
of eplerenone and 12.5 mg of hydrochlorothiazide would lower BP to 
a similar extent. However, the dose of hydrochlorothiazide prescribed 
in the present study appeared to be low, and our dose selection may 
have affected the results. The standard dose and maximum dose of 
ARBs prescribed in Japan are smaller than those in Western countries 
mainly because of smaller body size, which can lead to underestimation 
of adverse effects including renal impairment and hyperkalemia. We 
were unable to completely exclude patients with secondary hyperten-
sion such as hyperaldosteronism, who may show the beneficial effects 
of eplerenone on BP. As no measurements of urinary drug metabolites 
were performed, we were unable to ensure compliance with the study 
protocol. Finally, renal and overall prognoses were not evaluated. A 
large-scale clinical study with long-term follow-up is warranted.

5  | CONCLUSIONS

The antialbuminuric effects and safety of additional administration of 
eplerenone to patients under antihypertensive therapy with ARBs are 
equivalent to those of thiazide diuretics.
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