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Hypertension and Circulatory Control

Verification of the Impact of Changes in the Severity
Classification of Proteinuria on the Prognosis of Hypertensive
Patients Following the Initiation of Esaxerenone

Takashi Kitao, MD; Eriko Konishi, MD; Noriaki Itoh, MD; Ayumu Hirata, MD, PhD

Background: The urinary albumin-to-creatinine ratio (UACR) or urinary protein-to-creatinine ratio (UPCR) has been reported as
predictors of cardiovascular and renal events. We aimed to evaluate the impact of changes in proteinuria severity on the prognosis
of hypertensive patients post-esaxerenone initiation.

Methods and Results: Hypertensive patients who commenced esaxerenone (n=164) were classified into 3 groups according to
baseline UACR or UPCR, based on the modified proteinuria severity classification: A1 (normal; n=35); A2 (microalbuminuria/mild
proteinuria; n=49); and A3 (macroalbuminuria/severe proteinuria; n=80). At 6 months post-esaxerenone initiation, these patients
were then reclassified into 3 groups: A1 (n=48); A2 (n=66); and A3 (n=50). A2 was further subdivided into 2 groups: A2a (n=34); and
A2b (n=32), the latter representing patients who improved from A3. The primary endpoint was defined as the composite of cardio-
vascular and renal death, heart failure hospitalization, non-fatal myocardial infarction, initiation of dialysis, and estimated glomerular
filtration rate decline exceeding 40%. Severity of proteinuria improved significantly after 6 months (P=0.003). The incidence of the
primary endpoint was significantly higher in A3 compared with A1 (log-rank P<0.001); however, no significant difference was
observed between A1 and A2b (log-rank P=0.12).

Conclusions: Esaxerenone may ameliorate proteinuria severity and improve the prognosis of patients with macroalbuminuria or

severe proteinuria.
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icroalbuminuria manifests at an early stage in
M the progression of cardiovascular and renal dis-

eases,! making it highly valuable for identifying
high-risk patients. The risk of cardiovascular events esca-
lates with rising urinary albumin-to-creatinine ratio
(UACR), regardless of diabetes status, and begins well
below the threshold for microalbuminuria.? This indicates
that albuminuria screening can effectively identify indi-
viduals at elevated risk for cardiovascular events. Likewise,
elevated urinary protein-to-creatinine ratio (UPCR) is an
independent predictor of cardiovascular events and all-
cause mortality in patients with stage G2—-G5 chronic kid-
ney disease (CKD).3> A meta-analysis revealed that in
diabetic patients, albuminuria serves as a more accurate
predictor of cardiovascular mortality and nephropathy
progression compared with a decline in estimated glomeru-
lar filtration rate (¢GFR).4 Microalbuminuria is strongly
linked to the prognosis of heart failure patients. It is associ-
ated with an almost 5-fold increase in the incidence of
heart failure with reduced ejection fraction (HFrEF) and

more than a 2-fold increase in heart failure with preserved
ejection fraction (HFpEF).5 Variations in UACR among
patients with type 2 diabetes (T2D) are positively corre-
lated with changes in the risk of macrovascular and renal
events.® Fluctuations in proteinuria are similarly correlated
with shifts in the incidence of myocardial infarction among
patients with diabetes or prediabetes.” These findings
underscore the importance of monitoring longitudinal
changes in albuminuria or proteinuria and implementing
interventions to mitigate these conditions, thereby improv-
ing the prognosis of diabetic patients. Spironolactone has
been shown to reduce proteinuria and decelerate the pro-
gression of kidney disease in CKD patients.? Additionally,
spironolactone reduced albuminuria in HFpEF patients,
leading to lower all-cause mortality and reduced hospital-
ization rates due to heart failure.® Finerenone, a non-ste-
roidal mineralocorticoid receptor antagonist (ns-MRA),
significantly reduced albuminuria in CKD patients with
T2D, while also slowing CKD progression and decreasing
the risk of cardiovascular events.!® Furthermore, finerenone
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Figure 1. (A) Proteinuria severity classification in the modified Kidney Disease: Improving Global Outcomes (KDIGO) 2012
Chronic Kidney Disease (CKD) Guideline for the Japanese population. (B) Study flowchart. UACR, urinary albumin-to-creatinine

|
v
A3 n=280

improved cardiovascular outcomes in T2D patients with
stage 2-4 CKD and moderately elevated albuminuria, as
well as in those with stage 1 or 2 CKD and severely ele-
vated albuminuria.!! In Japan, ns-MRA esaxerenone is
used as an antihypertensive agent and has been shown to
significantly reduce UACR in T2D patients with either
microalbuminuria'? or macroalbuminuria.’® However, the
impact of esaxerenone on cardiovascular and renal out-
comes in relation to changes in severity classification of
proteinuria remains unclear.

Methods

Study Design

This single-center, retrospective, observational study uti-
lized a prospectively maintained database. The study
adhered to the ethical principles of the Helsinki Declara-
tion, and the protocol was approved by the Minoh City
Hospital Ethics Committee (No. R0508B41). Informed
consent was obtained via an opt-out procedure.

Patients

This study included 164 consecutive hypertensive patients
who commenced esaxerenone between March 2020 and
December 2022. We excluded patients who were aged <20
years, had a baseline serum potassium >5.0mEq/L, eGFR
<30mL/min/1.73m? at baseline, had a history of prior
MRA use, or were missing UACR or UPCR data 6
months after the initiation of esaxerenone. Additionally,
patients with severe valvular disease, amyloidosis, recent
acute coronary syndrome (within 6 months prior to the
initiation of esaxerenone), non-cardiac disease with a life
expectancy <6 months, and those deemed unsuitable for
the study by the attending physician were also excluded.

Blood Pressure Measurement and Esaxerenone Dosage
Blood pressure was routinely measured during outpatient
visits after a minimum of Smin of rest. Esaxerenone was
initiated at a dose of 2.5mg/day for patients with an eGFR
of 60mL/min/1.73m? or higher, and at 1.25mg/day for
those with an eGFR between 30 and 60 mL/min/1.73m?2. A
dose reduction or discontinuation of esaxerenone was con-
sidered if serum potassium levels exceeded 5.0mEq/L, at
the discretion of the attending physician.

Data Collection

We extracted demographic information, including age, sex,
body mass index, as well as clinical data such as medical
history, comorbidities, medications, and laboratory and
echocardiography findings from medical records. Baseline
laboratory and echocardiography data were evaluated
either at the initiation of esaxerenone or within the preced-
ing 3 months. Patients were monitored every 1-2 months,
as determined by the attending physician, with blood pres-
sure and serum potassium levels being recorded during
each visit. UACR or UPCR at baseline and 6 months fol-
lowing the initiation of esaxerenone were analyzed. Echo-
cardiography assessments included left ventricular ejection
fraction (LVEF), left ventricular mass index (LVMI), and
the ratio of E-wave velocity to the average early diastolic
velocity of the lateral and septal segments at the mitral
annulus (E/e’) as measured using tissue Doppler imaging.

Definitions of Hypertension and the Severity Classification
of Albuminuria or Proteinuria

According to the Japanese Society of Hypertension
Guidelines for the Management of Hypertension,'* hyper-
tension is defined as blood pressure of 140/90mmHg or
higher, with specific exceptions. The severity classification
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Figure 2. Changes in proteinuria severity classifica-
tion from baseline to 6 months following esaxerenone
initiation.

for the UACR or UPCR was determined in accordance
with the proteinuria severity classification outlined in the
modified Kidney Disease: Improving Global Outcomes
(KDIGO) 2012 Chronic Kidney Disease (CKD) guideline
for the Japanese population' (Figure 1A).

Classification of Patients Into Subgroups

Initially, 164 patients were classified into 3 subgroups
based on their UACR or UPCR at baseline, in accordance
with the proteinuria severity classification outlined in the
modified KDIGO 2012 CKD guideline for the Japanese
population!s (Figure 1A): Al (normal; n=35); A2 (micro-
albuminuria or mild proteinuria; n=49); and A3 (macroal-
buminuria or severe proteinuria; n=80; Figure 1B).
Subsequently, the same 164 patients were reclassified into
3 subgroups based on their UACR or UPCR 6 months
after the initiation of esaxerenone: Al (n=48); A2 (n=66);
and A3 (n=50). Furthermore, A2 was subdivided into A2a
(n=34) and A2b (n=32), with the latter representing
patients who had improved from A3 at baseline following
6 months of esaxerenone therapy (Figure 1B).

Clinical Qutcomes

The primary endpoint was defined as a composite measure
of cardiovascular or renal events. The secondary endpoint
was defined as cardiovascular or renal events. Cardiovas-
cular events were defined as a composite outcome of car-
diovascular death, heart failure hospitalization, and
non-fatal myocardial infarction. Cardiovascular death was
defined as death resulting from heart failure, myocardial
infarction, arrhythmia, sudden death, or other cardiovas-
cular-related causes during follow up. Renal events were
defined as a composite outcome of renal death, initiation
of maintenance dialysis lasting at least 4 weeks, and an
eGFR decline exceeding 40% from baseline in patients
with an eGFR <60mL/min/1.73 m2, sustained for a mini-
mum of 4 weeks during follow up. The follow-up period
extended from the initiation of esaxerenone to the final

outpatient visit. We examined the incidence rates of pri-
mary and secondary endpoints among the 4 subgroups and
assessed factors associated with improvement in the sever-
ity classification of proteinuria from Group A3 to Group
A2 6 months following the initiation of esaxerenone. Addi-
tionally, we identified predictors of hyperkalemia during
the follow-up period.

Statistical Analysis

Continuous variables are presented as medians [interquar-
tile range], while categorical data are expressed as percent-
ages. Statistical significance was assessed using the
Kruskal-Wallis test or Wilcoxon signed-rank test for con-
tinuous variables, and Fisher’s exact test for categorical
variables. The incidence rate of each endpoint was calcu-
lated per 100 person-years, and significance testing was
performed using Fisher’s exact test. Primary and second-
ary endpoints were estimated using Kaplan-Meier curves,
and statistical differences were assessed through the log-
rank test. Univariate and multivariate analyses were per-
formed using a logistic regression model to assess factors
associated with improvement in the severity classification
of proteinuria from Group A3 to Group A2 6 months fol-
lowing the initiation of esaxerenone. Odds ratios (OR) and
95% confidence intervals (CI) were subsequently calcu-
lated. The multivariate analysis of factors associated with
improvement in the severity classification of proteinuria
was adjusted for age, sex, body mass index (BMI), systolic
blood pressure 6 months after the initiation of esaxere-
none, esaxerenone dosage at 6 months, current smoking
status, presence of chronic heart failure, coronary artery
disease, eGFR, serum albumin, hemoglobin Alc (HbAlc),
low-density lipoprotein cholesterol (LDL-C), N-terminal
pro-B-type natriuretic peptide (NT-proBNP), and the use
of angiotensin-converting enzyme inhibitors (ACEi),
angiotensin II receptor blockers (ARB), sodium-glucose
cotransporter 2 inhibitors (SGLT2i), and statins. All anal-
yses were conducted using Bell Curve for Excel statistical
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Table 1. Baseline Characteristics of Patients at the Initiation of Esaxerenone in the 4 Subgroups Reclassified and Subdivided
According to Proteinuria Severity at 6-Months
Clinical data (?“::'al; (nI:JIB) (r:-\=23a4) (r:\=23bZ) (négO) P value
UACR (mg/gCr) 232 [37-767] 23 [11-38] 147 [62—221] 749 [449-1,254] 1,225[698-1622] <0.001
(n=98) (n=30) (n=27) (n=16) (n=25)
UPCR (g/gCr) 0.70[0.18-1.55] 0.07 [0.06-0.14] 0.29[0.26-0.30] 0.88 [0.66-1.57] 1.56 [0.97-2.52]  <0.001
(n=66) (n=18) (n=7) (n=16) (n=25)
Age (years) 71 [60-78] 71 [58-78] 73 [64-78] 72 [63-81] 69 [569-75] 0.20
Male 118 (72) 34 (71) 22 (65) 22 (69) 40 (80) 0.42
Body mass index (kg/m?) 25.4[22.9-27.7] 25.4[22.8-28.1] 24.8[23.0-26.7] 25.5[23.4-27.5] 25.6[22.2-27.9] 0.92
Systolic BP (mmHg) 139 [126-151] 141 [135-153] 133 [123-150] 139 [126-146] 137 [124-152] 0.30
Diastolic BP (mmHg) 77 [67-86] 79 [70-86] 79 [69-89] 68 [60-84] 75 [69-83] 0.18
Heart rate (beats/min) 79 [70-88] 75 [67-87] 81 [73-88] 81 [72-89] 79 [70-88] 0.46
Initial dose of esaxerenone 1.25[1.25-2.50] 1.25[1.25-2.50] 1.25[1.25-1.25] 1.25[1.25-1.25] 1.25[1.25-1.25] 0.003
Dyslipidemia 136 (83) 36 (75) 29 (85) 29 (91) 42 (84) 0.34
Diabetes 129 (79) 25 (52) 31 (91) 28 (88) 45 (90) <0.001
CKD (eGFR <60 mL/min/1.73m?) 80 (49) 18 (38) 17 (50) 17 (53) 28 (56) 0.29
Coronary artery disease 35 (21) 13 (27) 7 (21) 6 (19) 9(18) 0.72
Chronic heart failure 30 (18) 6 (13) 5(15) 7 (22) 12 (24) 0.45
Atrial fibrillation 27 (16) 16 (33) 3(9) 2 (6) 6 (12) 0.97
Current smoker 24 (15) 9 (19) 6 (18) 1(3) 8 (16) 0.18
Echocardiography data
LVEF (%) 67 [62-72] 65 [61-72] 67 [65—69] 68 [63-73] 67 [61-72] 0.95
LVMI 87 [71-108] 92 [70-109] 81 [69-94] 95 [74-114] 0 [74-109] 0.43
LAVI 30 [20-39] 30 [22-39] 24 [18-33] 29 [16-39] 31 [22-37] 0.45
Average E/e’ 10.5[8.2-12.8]  10.7[8.2-13.0]  10.3[8.3-11.3]  13.0[10.1-15.9] 8[8.0-11.8] 0.06
Laboratory data
Hemoglobin (g/dL) 13.6[12.5-15.1] 14.0[12.8-15.1] 14.2[13.0-15.5] 13.3[12.7-15.3] 13.0[11.7-14.9] 0.06
eGFR (mL/min/1.73m?2) 58 [44-76] 66 [53-77] 58 [44-75] 59 [46-76] 2 [38-75] 0.16
HbA1c (%) 7.2[6.3-8.1] 6.5 [5.9-7.4] 7.6 [6.5-8.4] 7 [6.7-8.6] 3[6.3-8.0] 0.011
Serum albumin (g/dL) 4.1[3.8-4.3] 4.1[3.9-4.3] 4.2[4.1-4.4] 2[3.8-4.3] 9[3.7-4.2] 0.002
Serum potassium (mEg/L) 4.3[4.1-4.6] 4.2 [3.9-4.3] 4.4 [4.2-4.8] 3[4.2-4.5] 5[4.2-4.8] 0.001
LDL-C (mg/dL) 92 [74-116] 93 [73-128] 93 [78-117] 0 [72-114] 3[73-111] 0.74
Non-HDL-C (mg/dL) 117 [95-145] 116 [93-162] 121 [103-136] 119 [94-145] 115[ 5-140] 0.86
CRP (mg/dL) 0.11[0.05-0.23] 0.11[0.05-0.20] 0.15[0.06-0.24] 0.09 [0.05-0.26] 0.10 [0.06-0.23] 0.87
NT-proBNP (pg/mL) 183 [70-405] 201 [64-407] 130 [37-344] 183 [75-458] 227 [95-468] 0.35
Medication
ACEi/ARB 132 (80) 7 (77) 28 (82) 30 (94) 37 (74) 0.13
B-blocker 46 (28) 8 (38) 6 (18) 8 (25) 14 (28) 0.26
SGLT2i 89 (54) 6 (33) 17 (50) 22 (69) 34 (68) 0.002
GLP1Ra 17 (10) 2 (4) 4(12) 4(13) 7 (14) 0.35
Statin 121 (74) 34 (71) 23 (68) 26 (81) 38 (76) 0.59

Continuous variables are presented as median [interquartile range]. Categorical data are presented as n (%). Tests for significance were
conducted using the Kruskal-Wallis test for continuous variables and Fisher's exact test for categorical data. ACEi, angiotensin-converting-
enzyme inhibitor; ARB, angiotensin Il receptor blocker; BP, blood pressure; CKD, chronic kidney disease; CRP, C-reactive protein; eGFR,
estimated glomerular filtration rate; GLP1Ra, glucagon-like peptide-1 receptor antagonist; HbA1c, hemoglobin A1c; HDL-C, high-density lipo-
protein cholesterol; LAVI, left atrial volume index; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LVMI, left
ventricular mass index; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SGLT2i, sodium/glucose cotransporter 2 inhibitor; UACR,
urinary albumin-to-creatinine ratio; UPCR, urinary protein-to-creatinine ratio.

software (version 4.01; Social Survey Research Information following the initiation of esaxerenone, while the propor-
Co., Ltd, Tokyo, Japan). tion of A3 decreased from 49% to 30%. A statistically
significant improvement in the severity classification of
proteinuria was observed from baseline to 6 months

Results (P=0.003; Figure 2).
Change in Proteinuria Severity Classification Following
Initiation of Esaxerenone Patient Characteristics at the Initiation of Esaxerenone
The proportion of Al and A2 increased from 21% and Among the 4 Subgroups
30% at baseline to 30% and 40%, respectively, 6 months Table 1 presents the patient characteristics at the initiation
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Table 2. Incident Rates of Each Endpoint in the 4 Subgroups
8:?2:; (n‘=\18) (r:\=2334) (rfsloz) (n:gO) P value
Primary endpoint 5.0 (19) 0.8 (1) 2.4 (2) 4.1 (3) 12.4 (13) <0.001
Secondary endpoint (cardiovascular events) 3.1 (12) 0.8 (1) 24 (2) 2.7 (2) 6.1(7) 0.006
Secondary endpoint (renal events) 1.8 (7) 0.0 (0) 0.0 (0) 1.4 (1) 5.8 (6) <0.001
Cardiovascular or renal death 1.5 (6) 0.0 (0) 1.2 (1) 2.7 (2) 2.5(3) 0.030
Cardiovascular death 1.3 (5) 0.0 (0) 1.2(1) 2.7 (2) 1.7 (2) 0.10
Renal death 0.3 (1) 0.0 (0) 0.0 (0) 0.0 (0) 0.8 (1) 0.09
Heart failure hospitalization 1.3 (5) 0.8 (1) 0.0 (0) 0.0 (0) 3.5(4) 0.015
Non-fatal myocardial infarction 0.5 (2) 0.0 (0) 1.2 (1) 0.0 (0) 0.8 (1) 0.16
Initiation of maintenance dialysis 0.5(2) 0.0 (0) 0.0 (0) 0.0 (0) 1.7 (2) 0.06
eGFR decline exceeding 40% 1.5 (6) 0.0 (0) 0.0 (0) 1.3 (1) 4.4 (5) 0.002

Incident rate of each endpoint is expressed as 100 person-years. Values in parentheses indicate the number of patients. Tests for significance
were conducted using the Fisher’s exact test. eGFR, estimated glomerular filtration rate.
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Figure 3. Kaplan-Meier curves and log-rank test for the primary endpoint in subgroups. (A) Subgroups classified according to
proteinuria severity classification at baseline. (B) Subgroups reclassified and subdivided according to proteinuria severity clas-
sification 6 months following esaxerenone initiation. P value is the result of the log-rank test.
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of esaxerenone among the 4 subgroups, reclassified and
subdivided based on UACR or UPCR 6 months after the
initiation of esaxerenone, in accordance with the protein-
uria severity classification outlined in the modified KDIGO
2012 CKD guidelines for the Japanese population
(Figure 1A). The median of all patients was 71 [60-78]
years, with 72% male. The median UACR and UPCR
levels were 232 [37-767] mg/gCr and 0.70 [0.18—1.55]
g/gCr, respectively. The median systolic and diastolic
blood pressures were 139 [126-151] and 77 [67-86] mmHg,
respectively. The median eGFR and serum potassium lev-
els were 58 [44-76] mL/min/1.73m? and 4.3 [4.1-4.6]
mEq/L, respectively. The prevalence of diabetes and CKD
with an eGFR <60 mL/min/1.73m2 was 79% and 49%,
respectively. The median initial dose of esaxerenone was
1.25 [1.25-2.50] mg. The administration rates of ACEi/

ARB and SGLT2i were 80% and 54%, respectively. Sig-
nificant differences among the subgroups were observed in
the initial dose of esaxerenone, the prevalence of diabetes,
serum albumin and potassium levels, HbAlc, and the
administration rate of SGLT2i.

Outcomes

Incidence Rates of Each Endpoint Across the 4 Subgroups
Table 2 presents the incidence rates of each endpoint across
the 4 subgroups. No cardiovascular or renal events were
observed during the 6 months following the initiation of
esaxerenone. Over a mean follow up of 8941264 days, 5
cardiovascular deaths and 1 renal death were recorded.
The cardiovascular deaths included 4 sudden deaths and 1
resulting from acute aortic dissection. Among the 5 cases
of heart failure hospitalization, Group Al included 1 case
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according to proteinuria severity classification 6 months following esaxerenone initiation. (A) Cardiovascular events. (B) Renal
events. P value is the result of the log-rank test.

Table 3. Changes and Comparison in Clinical Data Within the 2 Subgroups of the Baseline Group A3 From Baseline to 6 Months

Later
Clinical data
UACR (mg/gCr)
UPCR (g/gCr)
Dose of esaxerenone
Systolic BP (mmHg)
Diastolic BP (mmHg)

Laboratory data
Hemoglobin (g/dL)

eGFR (mL/min/1.73m?)

HbA1c (%)

Serum albumin (g/dL)

Serum potassium (mEg/L)

LDL-C (mg/dL)
CRP (mg/dL)

NT-proBNP (pg/mL)

Improved from A3 to A2
(n=32; 16 UACR, 16 UPCR)

Baseline
749
[449-1,288]
0.88
[0.66-1.57]
1.25
[1.25-1.25]
139
[126-146]

68
[60-84]

13.3
[12.7-15.3]

59
[46-76]
7.7
[6.7-8.6]
42
[3.8-4.3]
43
[4.2-4.5]
90
[72-114]
0.09
[0.05-0.26]

183
[75—-458]

At 6 months

184
[127-237]
0.27
[0.20-0.36]
1.25
[1.25-2.50]
128
[120-138]
70
[59-80]

13.6
[12.7-15.1]
46
[39-64]
75
[6.8-8.9]
4.3
[3.9-4.5]
45
[4.3-4.7]
78
[70-90]
0.11
[0.07-0.33]
111
[72-353]

Unimproved in A3

Pvalue (n=48; 23 UACR, 25 UPCR) P value
Baseline At 6 months
<0.001 925 899 0.25
[708-1,492] [490-1,312]
<0.001 1.70 1.79 0.53
[1.20-2.52] [0.86-3.85]
0.023 1.25 1.25 0.001
[1.25-1.56] [1.25-2.50]
0.18 137 130 0.12
[124-152] [124—141]
0.63 75 77 0.91
[69-83] [68-86]
0.57 13.1 13.5 0.46
[12.0-14.9] [11.8-14.8]
<0.001 52 48 <0.001
[38-74] [33-62]
0.88 7.3 7.2 0.58
[6.4-8.0] [6.7-8.4]
0.33 3.9 4.0 0.07
[38.7-4.2] [3.7-4.2]
0.001 45 4.5 0.62
[4.2-4.8] [4.2-4.8]
0.050 93 82 0.40
[73-111] [62-107]
0.14 0.10 0.09 0.89
[0.06-0.21]  [0.05-0.22]
0.040 227 165 0.96
[92-502] [94-514]

P valuet P value#
0.28 <0.001
0.009 <0.001
0.46 0.98
0.81 0.37
0.43 0.20
0.24 0.52
0.33 0.78
0.24 0.41
0.017 0.023
0.039 0.62
0.87 0.56
0.70 0.33
0.55 0.37

fimproved from A3 to A2 vs. unimproved in A3 at baseline. ¥improved from A3 to A2 vs. unimproved in A3 at 6 months. Tests for significance
were conducted using the Mann-Whitney U test or Wilcoxon signed-rank test. Abbreviations as in Table 1.
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Univariate analysis

Table 4. Factors Associated With Improvement in Proteinuria Severity Classification Within Baseline Group A3

Multivariate analysis

Variable

OR 95% CI
Age 1.04 1.00-1.08
Sex, male 0.63 0.23-1.74
Body mass index 1.03 0.92-1.14
Systolic BP at 6 months 0.98 0.95-1.01
Esaxerenone dosage at 6 months 0.88 0.51-1.51
Chronic heart failure 1.03 0.37-2.93
Coronary artery disease 1.30 0.42—-4.00
Current smoker 0.31 0.06-1.58
eGFR 1.01 0.99-1.03
HbA1c 1.14 0.87-1.5
Serum albumin 5.45 1.55-19.2
LDL-C 1.00 0.98-1.01
NT-proBNP 1.00 1.00-1.00
ACEi/ARB 5.33 1.11-25.7
SGLT2i 0.99 0.41-2.39
Statin 1.39 0.46-4.21

P value OR 95% CI P value
0.068 1.09 0.99-1.20 0.08
0.37 0.48 0.06—4.02 0.50
0.64 1.09 0.89-1.33 0.39
0.19 0.95 0.91-1.00 0.044
0.63 0.56 0.16-1.93 0.36
0.95 0.28 0.03-2.67 0.27
0.65 0.86 0.13-5.68 0.88
0.16 0.08 0.00-2.86 0.17
0.34 1.01 0.97-1.05 0.69
0.34 1.51 0.89-2.53 0.12
0.008 27.6 2.23-341.5 0.010
0.97 0.99 0.96-1.02 0.42
0.72 1.00 1.00-1.00 0.34
0.037 3.57 0.37-34.1 0.27
0.97 0.63 0.13-3.07 0.56
0.56 1.43 0.13-15.8 0.77

Tests for significance were conducted using a logistic regression model. Cl, confidence interval; OR, odds ratio. Other abbreviations as in

Table 1.

of worsening chronic heart failure, and Group A3 included
2 cases of worsening chronic heart failure and 2 cases of
newly diagnosed heart failure. The 2 non-fatal myocardial
infarction, both of which were ST-segment elevation myo-
cardial infarction without a history of PCI, were included
in groups A2a and A3, respectively. The overall incidence
rate of the primary endpoint was observed to be 5.0 events
per 100 person-years. The incidence rates for the secondary
endpoints — cardiovascular events and renal events — were
3.1 and 1.8 events per 100 person-years, respectively. Sig-
nificant variations in incidence rates across subgroups were
observed for the primary endpoint (P<0.001), both cardio-
vascular events (P=0.006) and renal events (P<0.001), car-
diovascular or renal death (P=0.030), heart failure
hospitalization (P=0.015), and an eGFR decline exceeding
40% (P=0.002).

Incidence Rates of Both the Primary and Secondary Endpoints
Across the 4 Subgroups Figure 3A illustrates that the inci-
dence rates of the primary endpoint across the 3 sub-
groups, classified based on baseline UACR or UPCR at
the initiation of esaxerenone, were significantly different
(overall log-rank P=0.003). Figure 3B illustrates that the
incidence rates of the primary endpoint across the 4 sub-
groups, reclassified and subdivided based on UACR or
UPCR 6 months after the initiation of esaxerenone, were
significantly higher in Group A3 than in Group Al (log-
rank P<0.001). Conversely, no statistically significant dif-
ference was observed between Group Al and the improved
Group A2b (originating from Group A3) following the
initiation of esaxerenone (log-rank P=0.12). Figure 4A
illustrates that the incidence rates of the secondary end-
point for cardiovascular events across the 4 subgroups
showed no significant difference (log-rank P=0.14). Con-
versely, Figure 4B indicates that the incidence rates of the
secondary endpoint for renal events across the 4 subgroups
differed significantly (log-rank P=0.008).

Changes and Comparison in Clinical Data Within the 2
Subgroups of the Baseline Group A3 From Baseline to 6
Months Later

Table 3 presents the changes and comparison in clinical
data from baseline to 6 months after the initiation of esax-
erenone in Group A2b, which showed improvement in
proteinuria severity classificaiton, and in the subgroup
without improvement within baseline Group A3. Both
UACR and UPCR exhibited significant reductions in the
improved group; conversely, no decrease was observed in
the unimproved group. At baseline, only UPCR exhibited
a significant difference between the 2 subgroups. However,
after 6 months, UACR also demonstrated a significant dif-
ference between them. The dosage of esaxerenone increased
significantly in both groups after 6 months; nonetheless, no
significant differences were observed between the groups at
either baseline or the 6-month follow up. No significant
changes were noted in either systolic or diastolic blood
pressure in either group, and no significant differences were
observed between them at either baseline or the 6-month
follow up. Serum potassium levels increased significantly
only in the improved group, resulting in a notable differ-
ence between the groups at baseline; however, after 6
months, no significant differences were observed.

Factors Associated With Improvement in the Severity
Classification of Proteinuria Within Baseline Group A3
Table 4 presents the results of univariate and multivariate
logistic regression analyses to identify factors associated with
improvement in the severity classification of proteinuria
from baseline Group A3 to Group A2, observed 6 months
following the initiation of esaxerenone. The multivariate
analysis revealed that an elevated baseline serum albumin
level (adjusted OR 27.6; 95% CI 2.23-341.5; P=0.010) and
reduced systolic blood pressure at 6 months (adjusted OR
0.95; 95% CI 0.91-1.00; P=0.044) constituted independent
factors of improvement in proteinuria severity classifica-
tion at 6 months following the initiation of esaxerenone.
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Incidence of Hyperkalemia and Discontinuation of
Esaxerenone During the Follow up Period

Mild hyperkalemia (serum potassium [K] levels >5.0 and
<5.5mEq/L) was observed in 34 (21%) patients, while
moderate hyperkalemia (K levels 5.5 and <6.0mEq/L)
was noted in 4 (2%) patients (Supplementary Table 1). No
cases of severe hyperkalemia (K levels 26.0mEq/L) were
observed. The incidence of mild hyperkalemia differed
significantly across the 4 subgroups (P=0.014), whereas the
incidence of moderate hyperkalemia did not show a sig-
nificant difference across the subgroups (P=0.30). Among
the 38 patients with hyperkalemia, 5 in Group A3 experi-
enced renal events, while no cardiovascular events were
observed. The esaxerenone discontinuation was observed
in 15 patients with mild hyperkalemia (10% of the total
patient cohort, 44% of those with mild hyperkalemia) and
in 1 patient with moderate hyperkalemia (1% of the total
cohort, 25% of those with moderate hyperkalemia;
Supplementary Table 1). The discontinuation of esaxere-
none within 6 months was observed in 2 patients. The
discontinuation rate among patients with mild hyperkale-
mia differed significantly across the subgroups (P=0.032).
All discontinuations occurred in patients managed by non-
cardiologists, with 94% (15/16) of these occurring in those
with mild hyperkalemia. Among the 16 patients who dis-
continued esaxerenone, 2 experienced renal events, both
requiring initiation of maintenance dialysis; however, no
cardiovascular events were observed. The incidence of the
primary endpoint among patients with esaxerenone dis-
continuation did not differ across subgroups (P=0.60). All
episodes of hyperkalemia were transient, with no adverse
events related to hyperkalemia observed after dose reduc-
tion or discontinuation of esaxerenone. Multivariate anal-
ysis using a logistic regression model identified that
baseline eGFR (adjusted OR 0.97; 95% CI 0.94-0.99;
P=0.018), baseline serum potassium level (adjusted OR
4.75; 95% CI 1.61-14.0; P=0.005) and proteinuria severity
at 6 months (adjusted OR 1.65; 95% CI 1.10-2.48;
P=0.016) as independent predictors of hyperkalemia dur-
ing the follow-up period (Supplementary Table 2).

Discussion

Impact of Esaxerenone on Enhancing the Proteinuria
Severity Classification

The present study demonstrated that esaxerenone signifi-
cantly enhanced the modified classification of proteinuria
severity in hypertensive patients 6 months following the
initiation of esaxerenone (Figure 2). Previous studies have
indicated that 51.8% of T2D patients with macroalbu-
minuria receiving treatment with renin-angiotensin system
inhibitors (RASi) achieved regression to microalbuminuria
with the addition of esaxerenone,® whereas 22% of
patients with microalbuminuria achieved remission to
normal albuminuria.'? In the present study, 40% (32/80) of
hypertensive patients with macroalbuminuria or severe
proteinuria achieved regression to microalbuminuria or
mild proteinuria, whereas 29% (14/49) of patients with
microalbuminuria or mild proteinuria achieved remission
to normal albuminuria or proteinuria. The observed rates
of regression and remission closely corresponded with
those reported in previous studies.!?13 The present findings
are consistent with these observations. Slight variations
between our results and previous studies may be attributable
to factors such as the prevalence of diabetes, the rate of

RAS inhibitor administration, the dosage of esaxerenone,
and the severity of albuminuria or proteinuria.

Impact of Change in Proteinuria Severity Classification on
Cardiovascular and Renal Events

Our study further demonstrated that improvement in pro-
teinuria severity following the initiation of esaxerenone
was associated with a more favorable prognosis for com-
posite cardiovascular and renal events in hypertensive
patients with macroalbuminuria or severe proteinuria
(Figure 3B). Previous reports indicate that a reduction of
30% or more in UACR after 1 year among T2D patients
with microalbuminuria or macroalbuminuria is associated
with improved cardiovascular and renal outcomes, regard-
less of treatment.!¢ In the present study, in Group A2b, the
median UACR significantly decreased from 749 mg/gCr to
184 mg/gCr, with a median reduction rate of 75%. Simi-
larly, the median UPCR significantly decreased from
0.88 g/gCr to 0.27 g/gCr, representing a median reduction
rate of 56% (Table 3). As noted above, improvement in
proteinuria severity was accompanied by a significant
decrease in UACR and UPCR, potentially contributing to
a relatively low incidence of cardiovascular and renal
events. Regarding the association between heart failure
and changes in proteinuria, it has been reported that
among health checkup participants without a prior history
of heart failure, those with resolved proteinuria demon-
strated a relatively lower risk of heart failure compared
with those with persistent proteinuria.l” Studies have
reported that, in patients with HFpEF, elevated UACR is
associated with reduced coronary flow reserve,!® whereas
in diabetic patients, the degree of albuminuria is strongly
linked to impaired myocardial flow reserve.’® These find-
ings suggest that coronary microvascular dysfunction may
be one of the mechanisms through which albuminuria
contributes to heart failure. Persistent microalbuminuria is
associated with increased myocardial extracellular volume,
heightened myocardial damage, and impaired left ven-
tricular diastolic function in patients with T2D.? Further-
more, albuminuria is independently associated with right
ventricular remodeling and dysfunction, as well as
impaired left ventricular systolic and diastolic function.?!
These findings suggest that albuminuria may contribute to
heart failure through mechanisms involving myocardial
fibrosis and remodeling, ultimately leading to biventricular
dysfunction. Regarding the association between myocar-
dial infarction and changes in albuminuria, a meta-regres-
sion analysis of randomized trials involving diabetic or
hypertensive patients has reported that a 10% reduction in
albuminuria correlates with a 13% decrease in the risk of
myocardial infarction.?? It has been reported that microal-
buminuria is associated with impaired coronary endothe-
lium-dependent vasodilation in patients with T2D,?
suggesting that damage to the vascular endothelium of
both coronary arteries and renal glomeruli occurs as part
of a common pathophysiological process. In patients with
T2D, albuminuria is associated with endothelial dysfunc-
tion and chronic inflammation, both of which occur con-
currently and are strongly correlated with mortality risk.?#
This report may suggest a relationship between albumin-
uria and the formation and rupture of coronary plaques.
Furthermore, patients with T2D and microalbuminuria
demonstrate a higher frequency of activated platelet aggre-
gations?s and severe fibrinolytic abnormalities,2¢ which
may contribute to coronary artery occlusion following
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plaque rupture.

Factors Associated With Improvement in Proteinuria
Severity Within the Baseline Group A3

The present study demonstrated that higher baseline serum
albumin levels and lower systolic blood pressure during
follow up were associated with improvements in protein-
uria severity among hypertensive patients with macroalbu-
minuria or severe proteinuria following the initiation of
esaxerenone (Table 4). Lower urinary albumin excretion at
baseline has been identified as a factor associated with the
remission of microalbuminuria in patients with T2D.?7 It
is hypothesized that elevated levels of albuminuria or pro-
teinuria are associated with reduced serum albumin levels.
Consequently, we contend that the aforementioned report
and our findings convey a similar conclusion. Further-
more, it has been reported that lower systolic blood pres-
sure is associated with the remission or regression of
microalbuminuria in patients with T2D.?® This finding
aligns with the results of the present study.

Discontinuation of Renin-Angiotensin System Inhibitors or
Mineralocorticoid Receptor Antagonist

The present study demonstrated that the likelihood of
hyperkalemia and discontinuation of esaxerenone increased
with advancing proteinuria severity (Supplementary Table 1).
Although patients with macroalbuminuria or severe pro-
teinuria should ideally require treatment with RASi and
MRA, hyperkalemia may impede the continuation of opti-
mal therapy. Discontinuation of RASi or MRA has been
associated with increased risks of cardiovascular events,
all-cause mortality, and progression to end-stage renal
disease.??3% Nevertheless, in our study, 94% (15/16) of esax-
erenone discontinuations were observed among patients
with mild hyperkalemia, and these discontinuations were
attributable to patients under the care of non-cardiologists.
Particularly in the context of mild hyperkalemia among
high-risk populations, including individuals with macroal-
buminuria or severe proteinuria, it is preferable to main-
tain treatment with RASi or MR A through dose reduction
or the administration of a potassium binder to mitigate the
deterioration of the clinical prognosis. Equally, it is crucial
to disseminate this policy among non-cardiologists. Addi-
tionally, the present study identified that the predictors of
hyperkalemia during the follow-up period included
decreased baseline eGFR, elevated baseline serum potas-
sium levels, and a greater severity of proteinuria at 6
months (Supplementary Table 2). A previous study has
identified that predictors of hyperkalemia following spi-
ronolactone administration in HFpEF patients include a
reduced eGFR and elevated baseline potassium levels.3!
Additionally, predictors of mild hyperkalemia following
finerenone administration in diabetic patients with CKD
include elevated serum potassium, reduced eGFR, and
increased UACR.32 These findings align with our results.

Study Limitations

This present study is subject to several limitations. First, it
is a single-center retrospective analysis. Second, the sample
size is limited. Third, it is a single-arm study lacking a con-
trol group. Fourth, the data are derived exclusively from
cases that exhibited UACR or UPCR 6 months following
the initiation of esaxerenone. Fifth, certain cases did not
receive RASI prior to the initiation of esaxerenone. Sixth,
certain cases, even those with mild hyperkalemia, had esax-

erenone discontinued. Seventh, the effects of medications,
aside from cardio-renal protective agents, that were mod-
ified during the study period could not be evaluated. Last,
there may have existed confounding factors that were not
investigated. To validate the findings of this study and
mitigate these limitations, a larger sample size utilizing a
multicenter prospective control group is warranted.

Conclusions

Esaxerenone significantly enhanced the proteinuria sever-
ity classification in hypertensive patients, with the improve-
ment correlating with a favorable prognosis for certain
individuals. Nevertheless, cases of treatment-resistant
albuminuria or proteinuria continue to persist even after
the initiation of esaxerenone, potentially presenting an
increased risk of cardiovascular or renal events. Further-
more, the risk of hyperkalemia may escalate as the severity
of albuminuria or proteinuria intensifies. To maintain opti-
mal treatment, early detection of albuminuria or protein-
uria, along with prompt therapeutic intervention to
prevent their progression, will be essential for improving
prognosis.
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