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Background: The combination of non-steroidal mineralocorticoid receptor antagonists (nsMRAs) and sodium-glucose cotransporter-
2 (SGLT2) inhibitors has shown renoprotective benefits in diabetic kidney disease; however, their synergistic effects in non-diabetic
chronic kidney disease (CKD) remain underexplored. This study evaluated the efficacy and safety of finerenone combined with
dapagliflozin versus dapagliflozin monotherapy in patients with non-diabetic CKD.

Methods: A single-center, retrospective cohort study was conducted on 121 patients with biopsy- or clinically confirmed non-diabetic
CKD treated with either dapagliflozin alone (n = 77) or in combination with finerenone (n = 44) for >6 months. Propensity score
matching (PSM) yielded 33 well-balanced pairs. The primary outcomes were changes in the urinary albumin-to-creatinine ratio
(UACR) and estimated glomerular filtration rate (¢GFR) over 6 months. Secondary outcomes included Blood Pressure, biochemical
parameters, and treatment-related adverse events. Repeated-measures ANOVA and mediation analyses were used to assess long-
itudinal changes and mechanistic relationships.

Results: Finerenone Combined with Dapaglifiozin therapy significantly enhanced UACR reduction at 3 months (median 63.4% vs 47.8%, P=
0.007) and 6 months (66.9% vs 40.8%, P = 0.002), compared with dapaglifiozin alone, with a higher proportion of patients achieving >50%
reduction (84.9% vs 45.5%, P < 0.001). The eGFR was preserved or improved with combination therapy (+2.06% vs —5.08%, P < 0.001),
whereas dapagliflozin alone therapy was associated with a decline. Mediation analysis indicated that early UACR reduction explained only
1.45% of the treatment effect on eGFR changes, suggesting albuminuria-independent mechanisms. The incidence of adverse events, including
hyperkalemia, did not differ significantly between the groups, and all events were mild and manageable.

Conclusion: Finerenone combined with dapagliflozin yielded superior proteinuria reduction and better preservation of renal function
compared with dapagliflozin alone in patients with non-diabetic CKD, without compromising safety. These findings provide real-world
evidence for the potential additive renoprotective effects of dual therapy and underscore the need for prospective trials to validate its
efficacy in non-diabetic populations.
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Introduction

Chronic kidney disease (CKD) is a major global health burden that affects 15-20% of adults globally.'? CKD is
characterized by a progressive decline in kidney function, often leading to end-stage renal disease (ESRD), in which
patients require dialysis or kidney transplantation to survive.> Fibrosis driven by the excessive accumulation and
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deposition extracellular matrix is the final common manifestation and pathways of almost all types of chronic repetitive
damage in renal tissue and is recognized as a hallmark of CKD.**® The management of CKD primarily focuses on
controlling risk factors, such as proteinuria, hypertension, and diabetes, decelerating kidney damage, and preventing
cardiovascular complications.”'" For decades, the cornerstone of CKD treatment has been the blockade of the renin-
angiotensin system (RAS) using angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers
(ARBs).'? These therapies have been shown to reduce proteinuria, a key biomarker of kidney injury, and improve renal
outcomes.'*'* However, the efficacy of RAS blockade is often limited, particularly in patients with high albuminuria
who do not require hormonal or immunosuppressive therapy. Furthermore, there remains a high risk of progression to
end-stages of CKD, even in patients undergoing RAS blockade.'*'®

Novel therapeutic approaches have emerged to address these limitations. Recent evidence suggests that a multifaceted
treatment regimen combining RAS blockers with newer agents, such as sodium-glucose co-transporter 2 inhibitors
(SGLT21i) and non-steroidal mineralocorticoid receptor antagonists (MRAs), may offer enhanced proteinuria control and
superior cardiorenal protection in patients with CKD.'”° SGLT2i have demonstrated significant renoprotective effects in
diabetic kidney disease (DKD), reducing albuminuria and decelerating the progression of nephropathy.?!*** These benefits
appear to extend beyond glycemic control, as SGLT2i have also shown efficacy in non-diabetic patients.'”"** Similarly,
nonsteroidal MRAs, such as finerenone, have shown promise in reducing renal composite endpoints in patients with
DKD.** FIDELITY analysis revealed that finerenone consistently reduced albuminuria and slowed eGFR decline in
patients with type 2 diabetes and CKD.?*> Additionally, finerenone showed benefits on kidney outcomes, even in patients
already receiving SGLT-2 inhibitors.** Interestingly, the combination of MRAs and SGLT?2i is associated with greater
reductions in albuminuria than either therapy alone in patients with type 2 diabetes.”® Building on these findings, the
recently published CONFIDENCE trial provided the first prospective randomized evidence that combining finerenone with
empagliflozin led to greater reductions in albuminuria than either agent alone in patients with type 2 diabetes and CKD.?’

While both therapeutic classes have independently demonstrated significant benefits, preliminary evidence suggests
potential synergistic effects in diabetic populations, and their combined efficacy and safety in non-diabetic CKD patients
remain insufficiently studied. Therefore, this study aimed to systematically evaluate the therapeutic potential of
combining finerenone with dapagliflozin compared with dapagliflozin monotherapy in the management of non-diabetic
CKD. This single-center retrospective study focused on changes in albuminuria, kidney function, and the incidence of
adverse events, thereby contributing to the advancement of CKD treatment strategies.

Materials and Methods
Study Design and Setting

This retrospective study was conducted at a single-center institution to evaluate the efficacy and safety of finerenone in
combination with dapaglifiozin compared with dapagliflozin monotherapy in the treatment of non-diabetic CKD. With
reference to FIGALO-DKD and FIDELIO-DKD, prospective participants had to be without any modifications to dosage,
drug choice, or other interventions associated with antihypertensive therapy.

All procedures involving human participants adhered to the ethical standards of the National Research Committee and
the 1964 Declaration of Helsinki, along with its subsequent amendments or comparable ethical standards. The study was
approved by the Medical and Research Ethics Committee of the First Affiliated Hospital of Ningbo University (approval
number: 2024—182RS-02), and all patient data were anonymized to ensure confidentiality. Given the retrospective nature
of this study, the requirement for written informed consent was waived in line with the Declaration of Helsinki.

Population

This study included adult patients diagnosed with non-diabetic CKD, as confirmed by clinical and laboratory assess-
ments, who were treated at our institution between August 2023 and December 2024. The inclusion criteria were as
follows: 1) Age >18 years. 2) Diagnosis of non-diabetic CKD confirmed by biopsy, clinical presentation, or laboratory
evidence of kidney dysfunction without a prior diagnosis of diabetes mellitus (Among the enrolled patients, 52.89% had
biopsy-proven diagnoses of non-diabetic CKD).**?° 3) Urinary albumin-to-creatinine ratio (UACR) >200 mg/g and
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<3000 mg/g. 4) Treatment with ACEIs or ARBs for a minimum of 3 months. 5) Dapaglifiozin alone or in combination
with finerenone was prescribed for more than 6 months. The exclusion criteria were as follows: 1) a history of type 1 or
type 2 diabetes mellitus and 2) active malignancies. 3) Severe liver disease or contraindications for finerenone or
dapagliflozin. 4) Hyperkalemia prior to medication use (K>5.0mmol/L). 5) Use of glucocorticoids, immunosuppressants,
or spironolactone within the preceding three months. 6) eGFR <20 mL/min/1.73 m?. The UACR was calculated by
dividing the concentration of albumin by the concentration of creatinine in a spot urine sample, which is typically
expressed in mg/g or pg/mg of creatinine.”® The eGFR was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPT) equation.”’32

Data Collection

This retrospective study utilized data from the electronic medical records of the First Affiliated Hospital of Ningbo
University and detailed baseline demographic and clinical information, including age, sex, BMI, blood pressure, medical
history, comorbidities, hemoglobin levels, UACR, and comprehensive biochemical parameters, such as serum albumin,
blood urea nitrogen, serum creatinine, eGFR, uric acid, serum potassium, serum sodium, and fasting blood glucose.
Patients were divided into two treatment groups: the finerenone Combined with Dapagliflozin Group and the dapagli-
flozin alone group. Both groups received dapagliflozin at a fixed dose of 10 mg once daily. In the combination group,
finerenone was initiated at a fixed dose of 10 mg once daily and was not titrated during the study period. All enrolled
patients met the inclusion criterion of receiving stable ACEI or ARB therapy for at least 3 months prior to group
allocation. To reflect real-world practice and maximize renal protection, doses were titrated to the maximum tolerated
level based on individual clinical parameters (eg, blood pressure, eGFR, serum potassium), unless contraindicated.
Treatment assignment was determined by attending nephrologists based on clinical response and renal function rather
than randomization. Key laboratory and clinical parameters were assessed at baseline and 3 and 6 months after treatment
initiation. The primary outcomes were changes in UACR and eGFR over six months, which serve as indicators of renal
function and proteinuria, respectively. Secondary outcomes included changes in serum albumin, uric acid, potassium,
sodium, and fasting blood glucose levels and the incidence of treatment-related adverse events.

Statistical Analysis

All statistical analyses were performed using R software (version 4.3.2; R Foundation for Statistical Computing, Vienna,
Austria). Continuous variables are reported as mean + standard deviation (SD) or median [interquartile range (IQR)],
based on normality assessed using the Shapiro—Wilk test. Categorical variables were expressed as frequency and
percentage. Between-group comparisons were conducted using the independent-samples #-test for normally distributed
variables, the Mann—Whitney U-test for non-normally distributed variables, and the chi-square test for categorical
variables. Statistical significance was defined as a two-tailed P < 0.05.

Propensity score matching (PSM) was conducted using the Matchlt package to reduce confounding and achieve
baseline covariate balance. Propensity scores were estimated using logistic regression, including covariates with
standardized mean differences (SMDs) > 0.1. A 1:1 nearest-neighbor matching algorithm without replacement was
applied with a caliper width of 0.2 standard deviations of the logit of the propensity score.

Longitudinal changes in UACR, e¢GFR, SBP, DBP, Serum Albumin, Glucose, Uric Acid, Electrolytes, and
Hemoglobin at baseline, 3 months, and 6 months were analyzed using repeated-measures ANOVA, with Time as the
within-subject factor, group (combination vs monotherapy) as the between-subject factor, and their interaction.
Mauchly’s test was performed to assess the sphericity assumption, and when violated, the Greenhouse—Geisser correction
was applied. Bonferroni-adjusted post hoc comparisons were applied where necessary.

Mediation analysis was performed using the mediation package to determine whether early albuminuria reduction—
defined as the percentage change in UACR from baseline to 3 months—mediated the treatment effect on renal function,
measured as the percentage change in eGFR from 3 to 6 months relative to the 3-month value. Unadjusted linear
regression models were used to estimate path coefficients (a: treatment — UACR change; b: UACR change — eGFR
change; c': direct treatment effect), with covariate balance ensured through PSM. Indirect effects (a X b) were calculated
using 5,000 bootstrap simulations to generate 95% confidence intervals (CIs).
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All statistical plots were generated using the ggplot2 package in R, and the final figure composition and labeling were
performed using GraphPad Prism version 9.5.1 (GraphPad Software, Boston, MA, USA).

Results

Baseline Characteristics Before and After PSM
From August 2023 to December 2024, 827 adults withnon-diabetic CKD treated with finerenone and/or dapaglifiozin were
screened. Of these, 121 met the prespecified eligibility criteria and comprised the full analysis set: 77 received dapaglifiozin
alone and 44 received finerenone—dapagliflozin combination therapy (Figure 1). Significant pre-matching imbalances in blood
glucose, UACR, and eGFR necessitated rigorous adjustment via 1:1 nearest-neighbor PSM (caliper = 0.2 x SD). Matching
covariates were selected based on their established relevance to non-diabetic CKD progression and included Age, Sex, BMI,
Hypertension, Hyperuricemia, MAP, Albumin, Blood glucose, Scr, Uric acid, potassium, hemoglobin, UACR, and eGFR.
After 1:1 nearest-neighbor matching, 33 patients remained in each group (Figure 1). Post-PSM, no significant differences
were observed across the baseline variables (all P > 0.05), indicating effective covariate balancing. Fasting glucose [5.43
(5.06-5.90) vs 5.41 (5.13-5.88) mmol/L; P = 0.857], UACR [436 (241-841) vs 500 (372-862) mg/g; P = 0.365], and eGFR
[65.0 (49.0-98.0) vs 81.0 (55.0-95.0) mL/min/1.73 m?; P = 0.547] were comparable between groups (Table 1).

Adult patients diagnosed with NDKD and
treated with Finerenone and/or Dapagliflozin
from August 2023 to December 2024

(n=827)
Included: Excluded (n=706) :
1) Age >18 years. 1) Type 1 or type 2 diabetes.
2) UACR>200 mg/g and <3000 mg/g. 2) Active malignancies.
3)Treatment with ACEi or ARB >3 months before 3) Severe liver disease or contraindications to
study. Finerenone or Dapagliflozin.
4) Prescribed Dapagliflozin (10 mg daily) alone or in 4) Hyperkalemia prior to medication use
combination with Finerenone (10 mg or 20 mg (K>5.0mmol/L) .
daily) for more than 6 months. 5) Use of Glucocorticoids, Immunosuppressants, or
Spironolactone within the preceding three months.
6) eGFR <20 mL/min/1.73 m?.
7) Incomplete 6-month follow-up data
v

121 included in full analysis
Dapagliflozin alone (n=77)
Finerenone+Dapagliflozin (n=44)

;

1:1 propensity score matching

|
} }

Dapagliflozin alone Finerenone+Dapagliflozin
(n=33) (n=33)

Figure | Flow diagram of patient selection and grouping.
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Table | Baseline Characteristics Before and After PSM

Variable Before PSM After PSM

Dapagliflozin Alone Finerenone+Dapagliflozin P SMD Dapagliflozin Alone Finerenone+Dapagliflozin P SMD

(n=177) (n = 44) (n=33) (n=33)

Age, Years 46.03 + 14.48 48.84 + 14.68 0.308 0.192 48.67 £ 16.79 48.15 + 14.36 0.894 —0.036
Sex, male, n (%) 34 (44.16) 20 (45.45) 0.890 0.026 13 (39.39) 13 (39.39) 1.000 0.000
BMI, kg/m? 23.93 (21.98, 26.72) 25.91 (23.70, 27.69) 0.072 0.331 24.22 (22.34, 27.23) 25.90 (23.10, 27.40) 0.371 0.235
Hypertension, n (%) 53 (68.83) 27 (61.36) 0.404 0.153 18 (54.55) 20 (60.61) 0.618 0.124
Hyperuricemia, n (%) 26 (33.77) 11 (25.00) 0.314 0.202 9 (27.27) 9 (27.27) 1.000 0.000
Type of non-diabetic CKD
IgAN, n (%) 35 (45.45) 17 (38.64) 0.466 0.140 I5 (45.45) 15 (45.45) 0.805 0.000
MN, n (%) 4 (5.19) 4 (9.09) 0.653 —-0.136 3 (9.09) 2 (6.06) 1.000 —0.127
Other, n (%) 36 (46.75) 23 (52.27) 0.812 0.111 15 (45.45) 16 (48.48) 0.805 0.061
MAP, mmHg 104 (96, 113) 103 (98, 107) 0.428 —0.249 104 (97, 113) 101 (98, 108) 0.472 —0.054
Albumin, g/L 42.00 (39.80, 43.70) 42.35 (39.95, 44.68) 0419 0.111 42.10 (40.30, 43.20) 42.40 (40.20, 44.90) 0.404 0.120
Blood glucose, mmol/L 5.32 (4.99, 5.67) 5.58 (5.15, 6.09) 0.033 0.431 5.43 (5.06, 5.90) 5.41 (5.13, 5.88) 0.857 0.073
Scr, umol/L 79 (61, 116) 93 (67, 129) 0.191 0.229 95 (71, 132) 90 (65, 122) 0.387 —0.189
Uric acid, pmol/L 321 (266, 387) 327 (285, 383) 0.757 0.040 323 (254, 388) 319 (259, 378) 0.696 —0.054
Potassium, mmol/L 4.15 (3.99, 4.28) 4.17 (3.99, 4.42) 0.430 0.181 4.14 (3.88, 4.39) 4.13 (3.97, 442) 0.883 0.067
Sodium, mmol/L 139 (138, 141) 139 (138, 140) 0.905 —0.075 140 (138, 141) 139 (138, 140) 0.220 —0.038
Hemoglobin, g/L 133 (123, 149) 139 (126, 150) 0.323 0.153 137 (124, 149) 134 (126, 148) 0.974 —0.098
UACR, mg/g 414 (257,719) 593 (383, 971) 0.035 0.307 436 (241, 841) 500 (372, 862) 0.674 0.007
eGFR, mL/min/1.73 m? 90.00 (59.00, 113.00) 74.00 (48.75, 94.25) 0.032 —0.403 65.00 (49.00, 98.00) 81.00 (55.00, 95.00) 0.547 0.156

Notes: Age is presented as the mean * standard deviation. BMI, MAP, albumin, blood glucose, Scr, uric acid, potassium, sodium, hemoglobin, UACR, and eGFR are presented as median with interquartile range.

Abbreviations: MAP, mean arterial pressure; BMI, body mass index; Scr, serum creatinine.
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Table 2 Longitudinal Changes in UACR and eGFR During Follow-Up in the Two Groups

Valuable Dapagliflozin Alone | Finerenone+Dapagliflozin FI (P) F2 (P) F3 (P)
(n=33) (n=33)

UACR, mg/g
Baseline 436.50 (241.90, 841.10) 500.50 (372.10, 862.30) 36.302 (<0.001) | 0.101 (0.752) 4.430 (0.039)
3months 291.36 (120.00, 554.80) 226.40 (99.80, 355.40)
6 months 260.70 (114.10,511.40) 169.70 (68.67, 380.66)

eGFR, mL/min/1.73 m?
Baseline 72.62 £ 32.20 77.39 + 30.63 0.268 (0.607) 1.091 (0.300) | 14.131 (<0.001)
3 months 69.36 + 30.33 76.97 + 29.65
6 months 68.95 + 31.78 80.18 + 30.42

Notes: Fl, time effect; F2, group effect; F3, group*time effect.

Primary Outcomes

Longitudinal Changes in Albuminuria and eGFR

Repeated-measures- ANOVA demonstrated significant temporal effects on UACR (F1 = 36.302, P < 0.001) and group x
time interaction (F3 = 4.430, P = 0.039), indicating accelerated albuminuria reduction in the finerenone—dapaglifiozin
combination group. The nonsignificant group effect (F2 = 0.101, P = 0.752) suggests that the differential trajectories
were treatment-associated rather than baseline-derived. For eGFR, a significant group X time interaction (F3 = 14.131,
P < 0.001) contrasted with nonsignificant time (F1 = 0.268, P = 0.607) and group (F2 = 1.091, P = 0.300) effects
(Table 2). These interaction effects necessitated post hoc analyses to delineate the treatment response dynamics.

Magnitude of UACR Reduction

Post-hoc analysis confirmed more pronounced reductions in albuminuria with combination therapy. At 3 months, the
finerenone combined with dapagliflozin group had a median UACR decline of 302.80 mg/g (IQR 145.70—465.48)
compared to 158.60 mg/g (IQR 35.40—436.30) in the dapaglifiozin alone group (P = 0.023); at 6 months, the reductions
were 323.70 vs 194.20 mg/g (P = 0.028) (Figure 2a). Percentage reductions were also greater in the combination therapy
group at 3 months (63.43% vs 47.84%; P = 0.007) and 6 months (66.89% vs 40.81%; P = 0.002) (Figure 2b).

Clinically Significant UACR Response
At 3 months, a >30% reduction in UACR was observed in 28 of 33 patients (84.85%, 95% CI 69.08-93.35) in the
combination group and 19 of 33 (57.58%, 95% CI 40.81-72.76) in the monotherapy group (P = 0.014). The proportion of

(a) (b)
600+ % % 100 sk sk
=
=4 =0 g 80
S E 400- § <
= ) =1 i/ 60
g £ £
= ° o
S @ S0 40
€ 8 200- 8 % 63.43 66.89
2 E 302.80 32370 s o
S ¢ g g 207
[~ S
0- T T 0- T T
3 months . 6 months 3 months A 6 months
Time Time
Il Dapagliflozin alone I Finerenone+Dapagliflozin

Figure 2 Changes in UACR from baseline between the two groups after propensity score matching. (a) Absolute reduction in UACR (mg/g) after 3 and 6 months of
treatment. (b) Percentage reduction in UACR (%) after 3 and 6 months of treatment. *P<0.05; **P<0.01.
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patients achieving a >50% reduction was 20 of 33 (60.61%, 95% CI 43.68-75.32) vs 16 of 33 (48.48%, 95% CI
32.50-64.78) (P = 0.323) (Figure 3a). At 6 months, >30% reduction was observed in 31 of 33 (93.94%, 95% CI
80.39-98.32) vs 23 of 33 (69.70%, 95% CI 52.66—82.62) (P = 0.011), while >50% reduction was achieved in 28 of 33
(84.85%, 95% CI 69.08-93.35) in the combination group versus 15 of 33 (45.45%, 95% CI 29.84-62.01) in the
monotherapy group (P < 0.001) (Figure 3b). These results support the superior and sustained albuminuria-lowering
efficacy of combination therapy, which aligns with the KDIGO-recommended thresholds for improved renal outcomes.

Renal Function Trajectories (eGFR)

Combination therapy significantly attenuated eGFR decline compared with monotherapy, with a progressively widening
divergence over time. At 3 months, the median absolute change in eGFR was +0.50 mL/min/1.73 m? (IQR, —2.00 to 4.00)
in the combination group versus —2.00 (-5.00 to 1.00) in the monotherapy group (P = 0.007) (Figure 4a); the
corresponding percentage changes were +0.63% (-2.65 to 5.41) versus —2.73% (-6.41 to 1.31) (P = 0.013). By 6

(

~
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40 40

20 20

Percentage with > 30%/
50% reduction in UACR (%)

Percentage with > 30%/
50% reduction in UACR (%)

>30% >50% >30% >50%
Reduction threshold Reduction threshold

I Dapagliflozin alone I Finerenone+Dapagliflozin

Figure 3 Proportion of patients achieving 230% or 250% reduction in UACR from baseline between the two groups after propensity score matching. (a) At 3 months of
treatment. (b) At 6 months of treatment. *P<0.05; ***P<0.001.
Abbreviation: ns, not significant.
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Figure 4 Changes in eGFR from baseline between the two groups after propensity score matching. (a) Absolute change in eGFR (mL/min/1.73 m?) at 3 and 6 months of
treatment. (b) Percentage change in eGFR (%) at 3 and 6 months of treatment. **P<0.001.
Abbreviation: ns, not significant.
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Table 3 Mediation Analysis: Relationship Between
Early UACR Reduction and eGFR Change in the
Finerenone Combined with Dapagliflozin Group

Effect | p (95% CI) P Mediation

Indirect | 0.22 (—1.14-1.91) 0.840 | 1.45
Direct | 5.88 (—0.50-10.74) | 0.080 | 98.55
Total 6.10 (0.64-10.50) 0.040 | 100.00

Notes: Cl, 95% confidence interval.

months, the between-group difference increased further: +2.00 (-2.00 to 6.00) versus —3.00 (—6.00 to —1.00) mL/min/
1.73m? (P < 0.001), and +2.06% (~3.82 to 7.14) versus —5.08% (—8.67 to —1.11) (P < 0.001) (Figure 4b).

Mediation Results
To assess whether early albuminuria reduction mediated the renoprotective effects of finerenone-dapagliflozin combina-
tion therapy, we performed mediation analysis using the percentage reduction in UACR at 3 months (vs baseline) as the
mediator variable and the percentage change in eGFR from 3 to 6 months (vs 3-month value) as the dependent variable.
At 3 months, the combination therapy group demonstrated a significantly greater reduction in UACR than the mono-
therapy group (f =37.12; 95% CI: 7.90-66.33; P =0.015). This was associated with a significant total effect of treatment on
the eGFR percentage change between 3 and 6 months (= 6.10; 95% CI: 0.64-10.50; P = 0.040). However, after adjusting for
UACR reduction, the direct effect remained only marginally significant (= 5.88; 95% CI: —0.50 to 10.74; P = 0.080), and the
path from UACR reduction to eGFR change was not significant (B = 0.00; 95% CI: —0.04 to 0.04; P = 0.871). The non-
significant indirect effect accounted for only 1.45% of the total effect. This indicates that the renal protection of finerenone-
dapagliflozin operates predominantly through albuminuria-independent mechanisms (Table 3 and Figure 5).

Secondary Outcomes

Blood Pressure Changes

Over the 6-month follow-up, both Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP)showed a modest
downward trend in both treatment groups. In the monotherapy group, SBP decreased from 129.18 +15.55 mmHg at
baseline to 125.39+12.71 mmHg at 6 months. Similarly, in the combination therapy group, SBP declined from
129.88+11.75 mmHg to 124.18+8.94 mmHg. For DBP, the values decreased from 81.39+10.24 mmHg to
79.15+ 6.82 mmHg in the monotherapy group, and from 78.76 £ 7.09 mmHg to 75.58 = 6.46 mmHg in the combination
group. A significant time effect was observed for both SBP (F=28.145, P<0.001) and DBP (F=16.733, P<0.001),
while no significant group effect or group-by-time interaction was found (Table 4).

Indirect effect: 1.45%

Mediator:
Percentage reduction in
UACR at 3 months

B (95%CI) B (95%CI)
37.12 (7.90 ~ 66.33) 0.00 (-0.04~0.04)
P=0.015 P=0.871

B (95%CI)

5.81 (0.76~10.86) Dependent variable:
P=0.028 »!

> Percentage change in eGFR

Finerenone + Dapagliflozin . between 3 and 6 months
Direct effect: 98.55%

Independent variable:

Figure 5 Mediation analysis showing the main results. Standardized regression coefficients and corresponding P values are presented, together with the relative
contributions of the direct and indirect effects to the total effect.
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Table 4 Longitudinal Changes in SBP and DBP During Follow-Up in the Two Groups

Valuable Dapagliflozin Alone | Finerenone+Dapagliflozin FI (P) F2 (P) F3 (P)
(n=33) (n=33)

SBP, mmHg
Baseline 129.18 + 15.55 129.88 = I1.75 28.145 (<0.001) | 0.027 (0.870) | I.101 (0.331)
3months 125.85 £ 11.49 124.97 £ 9.86
6 months 125.39 + 12.71 124.18 + 8.94

DBP, mmHg
Baseline 81.39 £ 10.24 78.76x7.09 16.733 (<0.001) | 1.342 (0.263) | 3.938 (0.051)
3 months 79.61 + 828 75.21 +6.36
6 months 79.15 £ 6.82 75.58 + 6.46

Notes: Fl, time effect; F2, group effect; F3, group*time effect.

Serum Albumin, Uric Acid, Sodium, or Hemoglobin

Repeated-measures ANOVA showed no significant longitudinal changes in serum albumin, uric acid, sodium, or hemoglobin.
Albumin showed no time effect (£, = 1.205, P =0.277), group difference (>, = 0.000, P = 0.996), or interaction (F;=0.519, P=
0.474). Uric acid remained stable (time: F; = 0.173, P =0.679; group: F, =2.329, P =0.132; interaction: 3 =0.858, P =0.358).
Sodium and hemoglobin also showed no significant changes (sodium: F; = 1.184, P=0.281; F, = 0.030, P = 0.864; F’;=0.098,
P =0.755; hemoglobin: F; = 1.551, P=0.217; F,=0.101, P =0.752; F;=0.246, P = 0.622).

Blood glucose levels declined significantly over time (F; = 6.537, P = 0.013), with median reductions from 5.43 to
5.26 mmol/L in the monotherapy group and from 5.41 to 5.32 mmol/L in the combination group. Group (¥, = 1.008, P =
0.319) and interaction (F; = 3.642, P = 0.061) effects were not significant. Serum potassium exhibited an upward trend
over time (F; = 12.125, P < 0.001), increasing from 4.14 (4.04—4.39) to 4.19 (4.04-4.41) mmol/L in the dapagliflozin
group and from 4.13 (3.97-4.42) to 4.34 (4.07-4.64) mmol/L in the combination group. The absolute changes, however,
were minimal, with no significant between-group differences (F, = 0.122, P = 0.728) or time x group interaction effects
(F3=1.459, P=0.231) (Table 5).

Table 5 Longitudinal Changes in Serum Albumin, Glucose, Uric Acid, Electrolytes, and Hemoglobin in Two Treatment Groups

Valuable Dapagliflozin Alone | Finerenone + Dapagliflozin FI (P) F2 (P) F3 (P)
(n=33) (n=33)

Albumin, g/L 1.205 (0.277) 0.000 (0.996) | 0.519 (0.474)
Baseline 42.10 (40.30, 43.20) 42.40 (40.20, 44.90)
3months 43.10 (41.60, 44.20) 42.00 (41.00, 44.90)
6 months 43.20 (41.50, 44.60) 43.40 (39.80, 46.30)

Blood glucose, mmol/L 6.537 (0.013) 1.008 (0.319) | 3.642 (0.061)
Baseline 5.43 (5.06, 5.90) 5.41 (5.13, 5.88)
3 months 5.22 (4.80, 5.70) 5.53 (4.98, 5.90)
6 months 5.26 (4.80, 5.65) 5.32 (5.13, 5.89)

Uric acid, pmol/L 0.173 (0.679) 2.329 (0.132) | 0.858 (0.358)
Baseline 332.50 (280.10, 389.00) 320.00 (258.90, 387.00)
3 months 343.90 (309.00, 444.00) 305.00 (258.00, 376.00)
6 months 341.00 (303.00, 383.00) 327.00 (252.00, 369.00)

Sodium, mmol/L 1.184 (0.281) 0.030 (0.864) | 0.098 (0.755)
Baseline 139.00 (138.00, 141.00) 140.00 (138.00, 140.00)
3 months 140.00 (138.00, 141.00) 139.00 (137.00, 140.00)
6 months 139.00 (138.00, 141.00) 139.00 (138.00, 141.00)

(Continued)
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Table 5 (Continued).

Valuable Dapagliflozin Alone | Finerenone + Dapagliflozin FI (P) F2 (P) F3 (P)
(n=33) (n=33)
Hemoglobin, g/L
Baseline 137.00 (124.00, 149.00) 134.00 (126.00, 148.00) 1.551 (0.217 0.101 (0.752) | 0.246 (0.622)
3months 136.00 (124.00, 150.00) 138.00 (124.00, 150.00)
6 months 140.00 (127.00, 153.00) 138.00 (126.00, 152.00)
Potassium, mmol/L
Baseline 4.14 (3.88, 4.39) 4.13 (3.97, 442) 12.125 (<0.001) | 0.122 (0.728) | 1.459 (0.231)
3 months 4.12 (4.01, 4.41) 4.35 (4.05, 4.60)
6 months 4.19 (4.04, 4.41) 4.34 (4.07, 4.64)
Notes: Fl, time effect; F2, group effect; F3, group*time effect.
Table 6 Adverse Events
Adverse Events Dapagliflozin Alone (n=33) | Finerenone + Dapagliflozin (n=33) P
All 8 (24.2%) 11 (33.3%) 0.587
Hyperkalemia 2(6.1%) 5(15.2%) 0.427
Urinary tract infection 4(12.1%) 2(6.1%) 0.672
Upper limb venous thrombosis 0(0.0%) 1(3.0%) 1.000
Hypotension 1(3.0%) 1(3.0%) 1.000
Hyponatremia 0(0.0%) 1(3.0%) 1.000
Genital fungal infection 1(2.0%) 1(2.6%) 1.000

Safety and Adverse Events

Adverse events occurred in eight patients (24.2%) receiving dapagliflozin alone and 11 patients (33.3%) receiving
finerenone —dapagliflozin combination therapy (P = 0.587). Urinary tract infection was the most frequent event in the
monotherapy group (12.1% [4/33] vs 6.1% [2/33] with combination therapy; P = 0.672). Hyperkalemia demonstrated
a numerically higher incidence with combination therapy (15.2% [5/33] vs 6.1% [2/33]; P = 0.427), with all cases
managed per protocol using potassium-binding agents without treatment discontinuation. Other events (3.0% [1/33])
included hypotension, hyponatremia, and genital fungal infection in both groups, with additional upper-limb venous
thrombosis in the combination group. The thrombosis event was adjudicated as treatment-unrelated and resolved with
rivaroxaban. All adverse events were mild to moderate (CTCAE v5.0 grade 1-2), resolved through standard interven-
tions, and no treatment-related serious adverse events, discontinuations, or deaths occurred (Table 6).

Discussion

Progressive CKD is common determined at a late stage by sustaining eGFR decline and/or obvious albuminuria
symptoms.*® > In CKD, functional impairment is associated with renal fibrosis characterized by inflammatory cell
infiltration, tubular atrophy, rarefaction of peritubular capillaries and excessive accumulation of extracellular matrix.>®*!
ACEIs and ARBs are recommended as a first-line therapy and as a rescue therapy in CKD patients with cardiovascular
disease and in those with diabetes-related and diabetes-independent CKD.**** However, chronic ACEI or ARB
administration leads to increasing the levels of angiotensin II and aldosterone, which is known as angiotensin II and
aldosterone escape.

This single-center, real-world, retrospective cohort study provides compelling evidence supporting the potential
additive effects between finerenone, a non-steroidal mineralocorticoid receptor antagonist (nsMRA), and dapaglifiozin,
a SGLT2i, in patients with non-diabetic CKD. Over a 6-month observation period, the combination therapy group
achieved a 67% reduction in UACR, which was substantially greater than the 51% reduction observed with dapagliflozin
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monotherapy. Furthermore, while the monotherapy group experienced a modest decline in eGFR (-2 mL/min/1.73 m?),
the combination group showed eGFR stabilization or mild improvement (+1 mL/min/1.73 m?).

Although the combination group exhibited a slight increase in serum potassium levels, the incidence of clinically
significant hyperkalemia or other adverse effects, such as liver dysfunction or genitourinary infections, was not
significantly different between the groups. These findings suggest that dual-agent therapy is not only efficacious but
also well tolerated, supporting its potential integration into routine clinical management for patients with non-diabetic
CKD and persistent albuminuria despite optimized RAS blockade.

Although combination therapy with finerenone and dapagliflozin significantly reduced proteinuria at 3 months and
improved the short-term eGFR trajectory from 3 to 6 months, mediation analysis revealed that its renoprotective effect
was not significantly mediated by the early reduction in proteinuria. These findings suggest that the renal benefits
observed in patients with non-diabetic CKD may not be solely attributable to antiproteinuric effects but rather involve the
interplay of multiple underlying mechanisms.*’

The potentially additive effects between finerenone and SGLT2i in non-diabetic CKD likely arises from their
complementary mechanisms. Finerenone selectively blocks MR signaling, suppressing profibrotic and proinflammatory
mediators such as transforming growth factor beta 1 (TGF-B1), Tumor necrosis factor-a, and interleukin-6, thereby
reducing glomerulosclerosis and tubulointerstitial injury.***’ SGLT2i improve glomerular hemodynamics and exert
additional anti-inflammatory, antioxidant, and antifibrotic effects, including inhibition of complement activation, TGF-
BI/MAPK signaling, and oxidative stress.*'**4°

Preclinical data from Col4a3 ™ mice (Alport model) further support these potentially additive effects. Triple therapy
(finerenone, SGLT2i, and RAS blockade) resulted in superior preservation of glomerular and tubulointerstitial structures
compared to dual therapy. Transcriptomic analyses confirmed broader downregulation of injury- and fibrosis-related gene
pathways, while histological findings showed enhanced integrity of the filtration barrier. Notably, finerenone mitigated
residual tubulointerstitial damage often unaddressed by SGLT2i/RAS blockade alone, and improved key renal biomar-
kers, including BUN, serum creatinine, and UACR.”° These findings support MR antagonism as a critical third pillar in
CKD treatment, enabling a multi-pathway, multi-compartment therapeutic strategy.’®

The renoprotective efficacy of nsMRAs and SGLT2i has been well established in DKD. Large randomized trials,
including FIDELIO-DKD and FIGARO-DKD, have demonstrated that finerenone significantly reduces renal and
cardiovascular endpoints in patients with type 2 diabetes and CKD.>'>® Similarly, the DAPA-CKD trial confirmed
that dapagliflozin slows CKD progression in both diabetic and non-diabetic populations.”*>> A recent meta-analysis
demonstrated that SGLT2i significantly delayed eGFR decline (MD =1.35mL/min/1.73 m?) and reduced UACR
(MD =—24.47%) in patients with non-diabetic CKD without increasing adverse events.’® These findings have solidified
SGLT2i as the first-line therapy for CKD management in current guidelines.”’ Building on this evidence, the
CONFIDENCE trial evaluated the efficacy of combining finerenone with an SGLT2i. At 6 months, the dual therapy
led to a 52% reduction in UACR, with 29% and 32% greater reductions compared to finerenone and empagliflozin
monotherapy, respectively—demonstrating a favorable additive effect and safety profile.?’

Notably, our study observed an even greater reduction in UACR compared to the CONFIDENCE trial, which may be
explained by several factors. First, our cohort exclusively included non-diabetic CKD patients, a population more likely
to exhibit inflammation- and fibrosis-driven pathophysiology. These underlying mechanisms may enhance sensitivity to
the complementary anti-inflammatory and antifibrotic effects of dual therapy. Second, our patients had lower baseline
ACR levels, indicating earlier disease stages and potentially a larger therapeutic window for intervention. Third, the fixed
6-month follow-up likely captured the initial phase of response, during which albuminuria reductions are typically more
pronounced. Finally, as an observational study, the possibility of selection bias cannot be excluded, since treatment
decisions may have been influenced by unmeasured clinical variables.

Despite the robust evidence supporting SGLT2i, data regarding the use of finerenone in non-diabetic CKD—
particularly in combination with SGLT2i—remain limited. Most available real-world studies focus predominantly on
diabetic populations. For instance, a TriNetX cohort study reported that the combined use of Finerenone and SGLT2i
reduced the risk of major adverse kidney events (MAKE), ESRD, and all-cause mortality compared to monotherapy.>®
However, over 85% of the included patients had diabetes, limiting the relevance of non-diabetic CKD. Similarly,
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Hanouneh et al observed a 96% rate of >50% UACR reduction with dual therapy compared to 50% and 59% for SGLT2i
or Finerenone alone, respectively; however, 92% of the cohort had diabetes.”’

Emerging evidence from small studies suggests potential benefits of finerenone in non-diabetic CKD subtypes. In
patients with IgAN, Tang et al reported a significant reduction in 24-hour urinary protein, from 1.07 to 0.49 g/day, after 3
months of finerenone treatment, with stable renal function.® Similarly, Gao et al noted a 42% median reduction in UACR
in a cohort of 49 patients with I[gAN over a treatment period of 3—6 months.®' However, both studies were limited by
small sample sizes, short durations, and the absence of control arms. More recently, Wang et al conducted a multicenter
observational study with a larger IgAN cohort, which demonstrated that 6 months of finerenone therapy was associated
with a clinically meaningful reduction in proteinuria without major safety concerns.®

Evidence for combination therapy in non-diabetic CKD remains sparse. One small open-label study of 20 patients reported
a 36% reduction in UACR after 8 weeks of dapaglifiozin plus finerenone, but also noted a significant decline in eGFR and
limited follow-up duration.®* In this context, our study contributes real-world evidence from a broader and more representative
non-diabetic CKD cohort with a longer follow-up period. Despite the inherent limitations of its retrospective design, we
observed sustained albuminuria reduction and renal function preservation without increased rates of hyperkalemia or AKI,
thus addressing key safety concerns previously raised in short-term studies. These findings support the hypothesis that
finerenone and SGLT2i may offer additive effects in non-diabetic CKD. However, confirmation through large-scale pro-
spective trials remains essential. The ongoing FIND-CKD study (N=1,584) will provide valuable long-term data on finerenone
monotherapy in non-diabetic CKD; notably, 16.9% of the enrolled participants were already on SGLT2i at baseline, offering
an opportunity to evaluate the combined effects within a unified framework.”’

Hyperkalemia remains a significant safety concern with MRAs in patients with CKD, particularly when combined
with RAAS inhibitors, such as ACEIs or ARBs.**> Meta-analyses have shown that finerenone increases the risk of
hyperkalemia (RR ~2.2), often leading to treatment discontinuation.®® Nevertheless, current guidelines recommend
against empiric dose reduction or premature withdrawal of RAASi or MRA therapy, highlighting the need for careful
monitoring and individualized management.

In our study, all patients were maintained on background RAAS inhibition. Although the combination group exhibited
elevated serum potassium levels, the incidence of clinically significant hyperkalemia or related adverse effects was
comparable between the groups. This finding aligns with the FIDELIO-DKD study, in which finerenone resulted in
increased potassium levels; however, severe incidents were infrequent with appropriate monitoring.>'¢’

Recent meta-analyses suggest that the addition of SGLT2i to RAASi + MRA therapy can reduce the risk of
hyperkalemia. One network meta-analysis showed a significant decrease in hyperkalemia events, and another large meta-
analysis involving over 11,000 patients reported a 39% relative risk reduction compared to MRA monotherapy.®®*® The
proposed mechanism involves SGLT2i-induced natriuresis, enhanced distal sodium delivery, and subsequent stimulation
of potassium excretion via sodium—potassium exchange.”*’"

These effects support the continued use of dual therapy while minimizing electrolyte-related complications.’”” For high-
risk patients, potassium binders may offer additional protection by helping to maintain normokalemia. Integrating such agents

into long-term treatment plans could expand the feasibility and safety of RAASi + MRA-based regimens in nephrology.’>’*

Limitations

This study had several limitations that should be acknowledged. First, as a single-center retrospective cohort analysis, it
was inherently subject to selection bias and does not permit causal inference; all observed associations should therefore
be interpreted as exploratory and hypothesis-generating. Although we adjusted for key confounders using multivariable
models and applied propensity score—based adjustment to balance measured baseline covariates, residual confounding
may have persisted. Second, the follow-up period was relatively short, precluding a robust evaluation of long-term renal
and cardiovascular outcomes. Third, the study did not include comparator groups receiving finerenone or ACEIs/ARBs
monotherapy, which limited our ability to isolate the additive benefits of each agent. Additionally, treatment allocation
was not randomized, and baseline characteristics, although comparable, may reflect residual confounding. Fifth, the
sample size was modest, which may have reduced the statistical power to detect less-frequent adverse events or subgroup
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effects. Taken together, these limitations underscore the need for validation through prospective, multicenter randomized
controlled trials with longer follow-up durations and more diverse populations.

Conclusion

In conclusion, this real-world, retrospective cohort study provides preliminary evidence that the combination of finerenone
and SGLT2i may be associated with greater renoprotective effects in patients with non-diabetic CKD. The observed greater
reduction in albuminuria and attenuation of short-term eGFR decline, along with an acceptable safety profile, suggest that
dual-agent therapy could be a potential strategy for patients with persistent proteinuria despite optimized RAAS inhibition.
However, these findings are preliminary and derived from a real-world, retrospective cohort. Future large-scale randomized
controlled trials are essential to validate these observations, determine long-term clinical outcomes, and define the optimal
therapeutic role of finerenone—SGLT2i combination therapy in the management of non-diabetic CKD.
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