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ABSTRACT

Introduction: The blood pressure (BP) control
mechanism for mineralocorticoid receptor
blockers is unclear, and analysis of their use as a
single agent in the clinical setting is required to
resolve this uncertainty. There is a paucity of
data on esaxerenone monotherapy assessing its
long-term antihypertensive effect and urinary
biomarkers.
Methods: This post hoc exploratory substudy of
a long-term phase 3 study evaluated the effect
of esaxerenone monotherapy (2.5 or 5 mg/day)
in treatment-naı̈ve patients who continued the
therapy during the 52-week study period
(n = 25). In addition to blood biomarkers, uri-
nary biomarkers were also assessed in 24-h urine
collection samples.
Results: Esaxerenone monotherapy was associ-
ated with consistent reductions in systolic/di-
astolic BP in the substudy population
(- 23.5/- 13.1 mmHg at week 52, p\0.001 vs

baseline). Plasma aldosterone concentrations
and plasma renin activity significantly
increased during esaxerenone monotherapy at
all time points. On the basis of the observations
that both urine volume and urinary sodium
excretion also decreased up to the end of the
study, and were significantly lower at 12 weeks,
patients were further categorized into higher/
lower urinary sodium excretion subgroups
according to whether their baseline values were
above or below the median. In the group with
higher baseline urinary sodium excretion,
esaxerenone exhibited a significantly greater
decrease in systolic/diastolic BP compared to
the lower baseline group.
Conclusion: Esaxerenone exhibited sustained
and stable antihypertensive activity even when
administered as a single agent for 52 weeks in
patients with essential hypertension. The addi-
tional urinary biomarker analysis suggests that
the BP-lowering effects of esaxerenone may be
partly exerted via mechanisms related to salt
and water retention, and that the effect is par-
ticularly pronounced in patients with hyper-
tension and higher baseline urinary sodium
excretion, which may reflect a state of excessive
salt intake.
Trial registration: NCT02722265.
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Key Summary Points

Why carry out this study?

How mineralocorticoid receptor (MR)
blockers control blood pressure (BP) is not
well understood.

Analyzing long-term single use of an MR
blocker and relevant biomarkers (blood
and urinary) could provide insight into
these mechanisms.

This post hoc exploratory substudy
investigated the antihypertensive effect of
esaxerenone and urinary biomarkers in
treatment-naı̈ve patients who continued
esaxerenone monotherapy (2.5 or
5 mg/day) for 52 weeks.

What was learned from the study?

Esaxerenone is expected to have a
sustained and stable antihypertensive
effect even in a long-term monotherapy,
with increases in plasma aldosterone
concentrations and plasma renin activity.

The additional urinary biomarker analysis
provided a new perspective on the clinical
effects of esaxerenone that its BP-lowering
effect may be enhanced in patients with
higher baseline urinary sodium excretion
via mechanisms related to salt and water
retention.

The favorable antihypertensive effect in
patients with higher baseline sodium
excretion suggests that esaxerenone may
be a useful new treatment option for
patients with hypertension and excessive
salt intake.

INTRODUCTION

Mineralocorticoid receptors (MRs) are expressed
in distal convoluted ducts and collecting duct
epithelial cells. They promote sodium

reabsorption and potassium excretion through
aldosterone binding, and regulate blood elec-
trolyte mass and circulating blood volume
within the normal range. Excessive aldosterone
leads to excessive MR signal activation, causing
an increase in circulating blood volume and
hypertension [1, 2]. Excessive salt ingestion also
stimulates MRs in the kidney, causing salt-in-
duced hypertension [3]. In an animal model,
one of the mechanisms for salt-induced hyper-
tension has been clarified; that is, excessive salt
intake enhanced MR signaling independent of
aldosterone, via Rac1, which promotes hyper-
tension and renal damage [4]. Other studies
have also shown that MR blockade produces
antihypertensive and organ-protective effects in
salt-loaded animal models [5–8]. As was
observed in these studies, in clinical practice,
stronger antihypertensive effects of MR blockers
were observed in patients with high salt intake
or low renin [9, 10], and urinary sodium excre-
tion has been reported to correlate with the
antihypertensive effect of spironolactone [11].
These findings indicate that the inhibition of
MR activity by MR blocker is likely to potentiate
its antihypertensive effect in patients with
hypertension and excessive salt intake. How-
ever, there is a paucity of literature evaluating
the relationship between the antihypertensive
effect of MR blockers and sodium excretion so
far.

Esaxerenone (MINNEBRO�, Daiichi Sankyo
Co., Ltd.), a novel selective MR blocker with a
non-steroidal structure, was approved in Japan
in January 2019 for the treatment of hyperten-
sion [12, 13]. Esaxerenone has shown good
antihypertensive activity in patients with
uncomplicated grade I–III hypertension, hyper-
tension with moderate renal impairment,
hypertension with type 2 diabetes mellitus with
albuminuria, and hypertension associated with
primary aldosteronism [14–19].

Among a series of clinical studies on esax-
erenone, a long-term phase 3 clinical study
showed that esaxerenone was effective and well
tolerated as an add-on therapy to a calcium
channel blocker (CCB) or renin–angiotensin
system (RAS) inhibitor in Japanese patients with
essential hypertension [15]. Unusually in the
context of assessing the long-term
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antihypertensive effects of a single agent, the
study analyzed 24-h urinary samples. In this
substudy, we investigated whether there is an
association between the antihypertensive effect
of esaxerenone and urinary biomarkers in
treatment-naı̈ve patients who received esax-
erenone monotherapy (2.5 or 5 mg/day) for
52 weeks and had biomarker data available.

METHODS

Study Design

This analysis was a post hoc exploratory sub-
study of a multicenter, open-label, long-term
phase 3 study of esaxerenone added to treat-
ment with a CCB or RAS inhibitor in patients
with essential hypertension (NCT02722265)
[15]. The main and substudy protocols were
approved by the relevant institutional review
boards (Supplementary Material Table S1), and
all study procedures complied with the ethical
principles of the 1964 Declaration of Helsinki
and its later amendments. All patients provided
written informed consent prior to enrollment.

The main study consisted of a 4-week base-
line observation period, followed by two treat-
ment periods (baseline to week 12, and week 12
to week 28 or 52) (Supplementary Material
Fig. S1) [15]. The date of consent for the first
patient was March 4, 2016, and the final obser-
vation date was July 8, 2017.

Study Population

Full details of the main study inclusion criteria
have been reported previously [15]. Briefly,
patients had essential hypertension, an esti-
mated glomerular filtration rate
(eGFR) C 60 mL/min/1.73 m2, and had not
received any prior antihypertensive drug ther-
apy or were receiving a CCB or RAS inhibitor
monotherapy. Patients with primary aldostero-
nism (secondary hypertension) were excluded
from this study. Patients not taking antihyper-
tensive medications were allocated to the esax-
erenone monotherapy group, whereas those
currently receiving a CCB or RAS inhibitor had

esaxerenone added to existing therapy (combi-
nation therapy group).

This post hoc exploratory substudy included
patients from the esaxerenone monotherapy
group with biomarker data available who
remained on monotherapy for the full 52 weeks
of treatment (i.e., did not require the addition
of other antihypertensive agents after week 12
to achieve blood pressure [BP] control). When
interpreting the results obtained with esax-
erenone monotherapy, we observed a signifi-
cant change in sodium excretion. Therefore, an
additional subanalysis by sodium excretion was
performed; i.e., patients were further catego-
rized into higher or lower baseline urinary
sodium excretion subgroups according to whe-
ther their baseline values were above or below
the median.

Study Treatments

After initiation of esaxerenone at 2.5 mg/day,
the dosage could be increased to 5 mg/day at
weeks 4, 6, or 8, as required, to achieve the
target systolic BP/diastolic BP of \ 140/
\90 mmHg, or \130/\ 80 mmHg in patients
with diabetes [15]. In the main study, from
week 12 onwards, increasing the dosage of
existing antihypertensives or the addition of
other antihypertensive agents was permitted if
needed to achieve BP control. However, this
substudy excluded patients receiving any addi-
tional hypertensives to focus on those receiving
esaxerenone alone.

During the period from the start date of the
observation period to the end of the post-ob-
servation period, conventional dietary habits
(including foods rich in potassium) were to
remain constant, where possible. There were no
strict restrictions on salt or water intake. The
following concomitant drugs were prohibited
from 4 weeks prior to the start date of the
treatment period to the end date of the treat-
ment period or the time of discontinuation:
antihypertensive drugs, diuretics, non-steroidal
anti-inflammatory drugs, insulin preparations,
potassium preparations, ion-exchange resins,
licorice, and other products containing
glycyrrhizin.
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Biomarker Measurements

Blood and urine samples were collected at
baseline; weeks 12, 28, and 52; and at the time
of therapy discontinuation. Blood was collected
in the supine position after a supine rest period
of no less than 30 min. Urine samples were
collected by 24-h sampling using Urinmate� P
(Sumitomo Bakelite Co. Ltd., Tokyo, Japan), a
24-h urine collection instrument that collects
24-h urine at a 1:50 volume ratio. Twenty-four-
hour urine collection was started from the time
of awakening on the day before each scheduled
visit day to the same time on the visit day. Of
note, to explore the mechanism of action of
esaxerenone based on biomarker variability,
24-h urine sampling was prespecified only in
the monotherapy group.

Blood and urine samples were used to
determine the following parameters at each
time point: renin–angiotensin–aldosterone sys-
tem-related biomarkers, including plasma
aldosterone concentration (PAC) and plasma
renin activity (PRA); daily (24-h) urinary
sodium excretion, and urinary creatinine;
human atrial natriuretic peptide (hANP) and
N-terminal pro-brain natriuretic peptide (NT-
proBNP); eGFR; and serum potassium. Daily
(24-h) urinary sodium excretion was calculated
using the formula urine volume 9 urine con-
centration. Sample collection and laboratory
tests were performed by LSI Medience (Tokyo,
Japan).

Statistical Analysis

Missing data were not imputed. Changes in BP
and biomarkers from baseline to each time
point were calculated; a paired t test was used to
compare pre- and post-treatment values. Log-
transformed measurements were used to calcu-
late point estimates and 95% confidence inter-
vals for the geometric mean percentage change
from baseline at each time point. The t test was
also used to compare differences in change from
baseline at each time point in patient subgroups
based on higher or lower baseline urinary
sodium excretion. Statistical tests were not
adjusted for multiplicity because of the

explanatory nature of this substudy. All analy-
ses were conducted using SAS System Release
9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Patients

Of the 245 patients who received esaxerenone
monotherapy in the main long-term phase 3
study, 102 continued the 52-week therapy, of
whom 57 had biomarker data available. Of
these, 25 patients who remained on esax-
erenone monotherapy until week 52 were
included in the current analysis (Supplementary
Material Table S2); none were taking concomi-
tant antihypertensive medication.

Baseline characteristics did not differ mark-
edly between the present substudy group and
the main long-term phase 3 study. Urinary
biomarkers from 24-h urine collection were not
measured in all patients of the long-term study
(Table 1 and Supplementary Material Table S3).

Effects of Esaxerenone on BP
and Biomarkers

Esaxerenone monotherapy was associated with
consistent reductions in systolic BP/diastolic BP
in the substudy population (- 20.8/- 10.3,
- 27.6/- 15.2, and - 23.5/- 13.1 mmHg at 12,
28, and 52 weeks, respectively; p\0.001 vs
baseline) (Fig. 1 and Supplementary Material
Table S4). The antihypertensive effect of
monotherapy was similar to that observed in
the main study (Fig. 1).

PAC and PRA significantly increased during
therapy with esaxerenone at all time points
compared with baseline (all p\ 0.001 vs base-
line, except for PRA at week 28, p\0.05), and
this increase remained constant after 12 weeks
(Supplementary Material Table S4). Although
the patients in this study did not have any
comorbidities associated with renal- or heart
failure-related diseases and the values were
within the normal range, both hANP and NT-
proBNP decreased, and the decrease at 52 weeks
was significant (change from baseline at
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week 52: hANP, - 5.5 pg/mL, p\ 0.05 vs base-
line; NT-proBNP, - 46.8 pg/mL, p\ 0.05 vs
baseline) (Supplementary Material Table S4).
The eGFR also decreased overall (Supplementary
Material Table S4).

Effects of Esaxerenone on Urinary Sodium
and Potassium Excretion

In the first 12 weeks, urinary sodium excretion,
potassium excretion, and urine volume
decreased significantly (all p\0.05 vs baseline),
and the decrease was sustained until 52 weeks

Table 1 Baseline characteristics of patients receiving esaxerenone monotherapy and those in the main study until week 52

Characteristic Monotherapy (n = 25) Main study (n = 368)

Male, n (%) 17 (68.0) 286 (77.7)

Age, years 57.3 ± 7.5 56.2 ± 9.2

Weight, kg 67.5 ± 12.5 71.3 ± 12.3

SBP, mmHg 151.6 ± 5.6 155.2 ± 9.6

DBP, mmHg 94.9 ± 3.8 97.9 ± 5.3

PAC, pg/mL 115.4 ± 31.9 118.1 ± 42.7

PRA, ng/mL/h 0.66 ± 0.46 1.00 ± 1.02

Urine, mL 1970.0 ± 659.6 Not measureda

Urinary sodium, mEq/L 111.3 ± 40.8 Not measureda

Urinary sodium excretion, mEq/day 212.8 ± 97.4 Not measureda

Urinary potassium, mEq/L 32.9 ± 12.0 Not measureda

Urinary potassium excretion, mEq/day 61.4 ± 23.3 Not measureda

Urinary Na/K ratio, % 3.7 ± 1.6 Not measureda

eGFR, mL/min/1.73 m2 77.8 ± 11.6 79.6 ± 12.7

Serum potassium, mEq/L 4.2 ± 0.3 4.2 ± 0.3

hANP, pg/mL 22.9 ± 10.1 22.3 ± 11.5

NT-proBNP, pg/mL 92.3 ± 95.4 59.5 ± 59.9

HbA1c (NGSP), % 5.9 ± 0.7 5.8 ± 0.6

LDL cholesterol, mg/dL 137.1 ± 38.1 127.9 ± 32.3

Triglycerides, mg/dL 99.7 ± 53.1 134.7 ± 101.7

ALT, IU/L 18.8 ± 6.7 25.5 ± 15.2

Other concomitant antihypertensive agentsb 0 (0.0) 123 (33.4)

Values are mean ± standard deviation unless otherwise stated
ALT alanine aminotransferase, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, hANP human atrial
natriuretic peptide, HbA1c glycosylated hemoglobin, K potassium, LDL low-density lipoprotein, Na sodium, NGSP
National Glycohemoglobin Standardization Program, NT-proBNP N-terminal pro-brain natriuretic peptide, PAC plasma
aldosterone concentration, PRA plasma renin activity, SBP systolic blood pressure
aNot measured in all patients in the main study
bRAS inhibitors or CCBs
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(Supplementary Material Table S4). Spaghetti
plots of the respective changes in these param-
eters from baseline to each time point are
shown in Fig. 2. Urine volume decreased at 12,
28, and 52 weeks compared with baseline as
follows: - 444.8 mL (geometric mean change,
- 26.0%), - 83.0 mL (- 6.7%), and - 319.0 mL
(- 18.6%), respectively (Fig. 2a and Supplemen-
tary Material Table S4). There was no statistically
significant change in urinary sodium concentra-
tion, which was 8.9 (geometric mean change,
2.1%), - 7.7 (- 9.0%), and 3.1 (- 0.4%) mEq/L
at 12, 28, and 52 weeks, respectively (Fig. 2b and
Supplementary Material Table S4). Urinary
sodium excretion decreased through 52 weeks,
with statistically significant changes at 12 weeks
(- 53.1 mEq/day; geometric mean change,
- 24.5%, p = 0.0019 vs baseline) and 52 weeks
(- 44.0 mEq/day; geometric mean change,
- 18.9%, p = 0.0307 vs baseline) (Fig. 2c and
Supplementary Material Table S4). Thus, the
decrease in urinary sodium excretion could be
attributed to the decrease in urine volume.

In line with the results for urinary sodium,
urinary potassium concentrations did not
change notably at 12, 28, or 52 weeks compared
with baseline (Fig. 2d and Supplementary

Material Table S4). The mean change in urinary
potassium excretion tended to decrease from
baseline to - 12.2 (geometric mean change,
- 21.5%), - 4.4 (- 14.5%), and - 4.3 (- 8.5%)
mEq/day at 12, 28, and 52 weeks, respectively,
but the change was statistically significant only
at 12 weeks (p = 0.0092 vs baseline) (Fig. 2e
and Supplementary Material Table S4). This
decreased urinary potassium excretion was also
attributed to decreased urine volume. Although
the urinary sodium/potassium (Na/K) ratio
remained constant during 12 (D - 0.3
[- 3.8%]), 28 (D - 0.1 [- 0.7%]), and 52
(D - 0.5 [- 11.4%]) weeks of esaxerenone
administration, the ratio tended to decrease
compared with baseline (Fig. 2f and Supple-
mentary Material Table S4).

Effects of Esaxerenone in the Urinary
Sodium Excretion Subgroup

To clarify the relationship between the antihy-
pertensive effect of esaxerenone and urinary
sodium excretion, patients were divided into
two groups according to baseline urinary
sodium excretion. Urinary sodium excretion
was higher than the median value of

Fig. 1 Mean (standard deviation) sitting blood pressure in the main study and the esaxerenone monotherapy substudy.
DBP diastolic blood pressure, SBP systolic blood pressure. �p\ 0.001 vs baseline
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193.8 mEq/day in 13 patients and lower than
the median value in 12 patients (Supplementary
Material Tables S3 and S4).

Baseline characteristics did not differ mark-
edly between patient subgroups based on base-
line urinary sodium excretion. Numerical
differences were higher male ratio, urine

volume, urinary potassium excretion, and Na/K
ratio in the higher baseline urinary sodium
excretion subgroup versus the lower subgroup
(Supplementary Material Table S3).

At 12 weeks, BP decreased significantly in
both the lower and higher baseline urinary
sodium excretion subgroups (- 14.9/- 7.3

Fig. 2 Changes in urine volume (a), urinary sodium (b),
urinary sodium excretion (c), urinary potassium (d),
urinary potassium excretion (e), and urinary sodium/

potassium ratio (f) from baseline to 12, 28, and 52
weeks (individual patient data). Na sodium, K potassium,
SD standard deviation
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and - 26.6/- 13.2 mmHg, respectively; both
p\0.001 vs baseline); however, there was a
significantly greater decrease in the higher
baseline urinary sodium excretion subgroup vs
the lower baseline urinary sodium excretion
subgroup (p\0.05 for the difference in systolic
BP and diastolic BP at 12 weeks between the
subgroups) (Fig. 3 and Supplementary Material
Table S4).

In the group with higher baseline urinary
sodium excretion, urinary sodium excretion,
and urine volume decreased with significant
differences, and Na/K ratio also decreased. In
addition, PRA was consistently slightly elevated
throughout the study. There were no other
differences (Supplementary Material Table S4).

DISCUSSION

In this post hoc exploratory substudy con-
ducted in patients with essential hypertension
who participated in a phase 3 clinical study of
esaxerenone [15], we investigated the antihy-
pertensive effect of long-term monotherapy
with esaxerenone along with various biomark-
ers, including PAC, PRA, and urinary sodium

excretion. We then examined the relationship
between its antihypertensive effect and baseline
urinary sodium excretion. The results have eli-
cited important new information related to the
use of esaxerenone monotherapy in patients
who did not take other antihypertensive drugs
that affect urinary sodium excretion through-
out the study.

The reduction in systolic BP/diastolic BP at
the end of 52 weeks of therapy in the subset of
patients who continued esaxerenone
monotherapy was - 23.5/- 13.1 mmHg, which
was consistent with the decrease in BP seen in
the overall patient group of the main phase 3
long-term study (- 23.1/- 12.5 mmHg) [15].
There was also no difference in BP reduction
compared to the three treatment groups in the
main phase 3 study; esaxerenone monotherapy
(- 23.7/- 12.3 mmHg) and combination of
RAS inhibitor (- 23.0/- 12.6 mmHg) or CCB
(- 20.5/- 13.1 mmHg) [15]. In the current
analysis, the BP-lowering effects of esaxerenone
at week 12 were greater in the subgroup of
patients with higher urinary sodium excretion
at baseline, presumably because of their initial
high salt loading status. These results are similar
to those reported for existing MR blockers. In a
previous clinical study, eplerenone exhibited
strong antihypertensive activity in the highest
tertiles of the salt intake level [9], and data from
another substudy showed that the BP-lowering
effects of spironolactone were greater in
patients with low baseline PRA [20], one of the
indirect markers of excessive salt intake [21–23].
Thus, the stronger antihypertensive activity of
MR blockers in patients with higher salt intake
suggests that their BP-lowering effect is exerted
via mechanisms related to salt and water
retention.

Aldosterone is a hormone that retains
sodium, and when aldosterone is deficient, the
body loses sodium [24]. Therefore, sodium
excretion should have been increased by the
blocking of MRs with esaxerenone administra-
tion in this study. However, contrary to our
expectations, sodium excretion decreased after
12 weeks and up to the end of the study. We
speculate that this may be due to the normal-
ization of sodium retention by elimination of
excess sodium accumulated in the body during

Fig. 3 Mean (standard deviation) change in sitting blood
pressure from baseline stratified by baseline urinary sodium
excretion. DBP diastolic blood pressure, SBP systolic blood
pressure. *p\ 0.05 vs baseline, �p\ 0.001 vs baseline,
�p\ 0.05 vs subgroup with lower baseline urinary sodium
excretion
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the short period immediately after esaxerenone
administration. The time required for this nor-
malization of sodium retention is assumed to be
2 weeks. The rationale for this is that elevated
serum potassium levels only occurred in the
first 2 weeks after treatment initiation in the
long-term main study [15, 25], and BP also
decreases after 2 weeks of esaxerenone admin-
istration [15]. Moreover, in rats, the urinary Na/
K ratio shows an increase at just 3 h after esax-
erenone administration [26]. We deduced that
up to 2 weeks after esaxerenone administration,
sodium excretion is transiently increased and
excess sodium is sufficiently eliminated from
the body. As a result, at 12 weeks, the amount of
excreted sodium has already decreased com-
pared with that before esaxerenone administra-
tion, and there is no longer a need to eliminate
excess sodium from the body. Therefore, it may
have appeared that sodium excretion was
decreased after 12 weeks post-dose compared
with pre-dose. The apparent decrease in sodium
excretion in the higher sodium excretion group
compared with the lower sodium excretion
group at baseline also supports this hypothesis.
Furthermore, albeit within normal range, a sig-
nificant reduction in hANP, which is released
from the atrial wall with its stretch stimulus and
reduces fluid volume by inhibiting the excre-
tion of renin and aldosterone [27], also indi-
cates a decrease in circulating blood volume
along with the reduction in BP. To summarize,
at least part of the antihypertensive action of
MR blockers may be attributed to a decrease in
circulating blood volume due to the cancella-
tion of excess sodium retention by the elimi-
nation of sodium from the body. To further
confirm the hypothesis, it would be necessary to
collect additional data on urinary sodium
excretion immediately after esaxerenone
administration, especially within 2 weeks,
which can be considered a study limitation.

Esaxerenone decreased the Na/K ratio, con-
sistent with a previous study reporting that BP
decreases as the urinary Na/K ratio decreases
[28]. Other studies reported that the Na/K ratio
is more strongly associated with the risk of
cardiovascular disease than sodium and potas-
sium excretion [29, 30]. Currently, there is no
consensus on the threshold of urinary Na/K

levels at which the risk of cardiovascular events
increases, but esaxerenone may reduce the risk
of cardiovascular disease in the long term by
decreasing the urinary Na/K ratio. The potential
for esaxerenone to reduce the risk of cardio-
vascular diseases can also be inferred from
changes in NT-proBNP, a marker of heart fail-
ure. In this study, NT-proBNP was significantly
reduced after esaxerenone administration,
although still within the normal range. This
finding is consistent with data from previous
studies in patients with chronic heart failure
and diabetes and/or chronic kidney disease who
were treated with the MR blockers finerenone or
eplerenone [31].

In Japan, angiotensin receptor blockers/
CCBs are prescribed as the main antihyperten-
sive drugs, with these two drugs accounting for
approximately 90% of prescriptions [32]. Since
it is difficult to identify patients with hyper-
tension and excessive salt intake in daily prac-
tice, it can be assumed that many of these
patients are treated with RAS inhibitors. How-
ever, the antihypertensive effect of RAS inhibi-
tors is attenuated by high salt intake [33–35], so
the efficacy of RAS inhibitors may be inade-
quate in patients with hypertension and exces-
sive salt intake. The current guideline
recommends diuretics for treating patients with
excessive salt intake [36], but their metabolic
side effects, including hyperuricemia and
impaired glucose tolerance, are known to
increase especially at higher doses. Therefore,
MR blockers, which normalize sodium reten-
tion, are expected to be another good antihy-
pertensive treatment option for patients with
excessive salt intake.

Limitations

First, this was a post hoc exploratory substudy,
and data were analyzed using point-by-point
t tests without considering multiplicity of tests.
In addition, the study was conducted in a small
number of patients from a larger clinical study,
and it had low statistical power for comparisons
between even smaller patient subgroups based
on baseline urinary sodium excretion. However,
it provides important insights for planning the
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next validation study. Second, we could not
exclude the effects of potential confounders on
our findings, given the self-selected (non-ran-
domized) nature of the substudy population.
Third, the study did not measure the amount of
urine and urinary/blood sodium level immedi-
ately after esaxerenone administration (e.g., on
the first day/week after treatment administra-
tion). Fourth, dietary salt and water intakes
were not strictly controlled or measured,
although patients were instructed to carry on as
usual in the study. Finally, the patients in this
study were registered within a similar time
period in the year (during the spring season). It
is known that urine and other body fluid vol-
umes are affected by seasonal changes [37].

CONCLUSION

In this post hoc exploratory substudy, the
antihypertensive effect of esaxerenone was
evaluated without concomitant use of other
antihypertensive drugs for 52 weeks. Esax-
erenone monotherapy demonstrated a sus-
tained and stable antihypertensive effect in
patients with essential hypertension. The addi-
tional urinary biomarker subanalysis provided a
new perspective on the clinical effects of esax-
erenone that its BP-lowering effect may be
mediated by salt and water retention. The
favorable antihypertensive effect in patients
with higher baseline sodium excretion indicates
that esaxerenone may be a new and first-line
treatment option for patients with hyperten-
sion due to excessive salt intake. These findings
suggest that esaxerenone may play a key role in
the treatment of hypertension and may, there-
fore, represent an important therapeutic strat-
egy in the near future.
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