
Triple therapy of RAS inhibitors, 
dapagliflozin, and finerenone in 
diabetic kidney disease patients 
with nephrotic-range proteinuria: a 
real-world study
Chenjie Gu1,3, Xinwei Li1,3, Xianan Guo1, Jingying Zhou1, Le Kang2 & Ming Fang1

Patients with diabetic kidney disease (DKD) and nephrotic-range proteinuria (NRP) face an extremely 
high cardiorenal risk. Renin-angiotensin system (RAS) inhibitors, sodium-glucose cotransporter-2 
(SGLT2) inhibitors, and the non-steroidal mineralocorticoid receptor (ns-MR) antagonist finerenone 
are the cornerstone therapies for DKD. However, real-world data on the efficacy and safety of triple 
therapy with RAS inhibitors, SGLT2 inhibitors, and finerenone in DKD patients with NRP remain 
scarce. This retrospective study included adult DKD patients with NRP treated with triple therapy. 
Clinical parameters assessed included proteinuria, renal function, serum albumin, serum potassium, 
and adverse events during follow-up. Twenty DKD patients with NRP (mean age 61 ± 12 years; female/
male 8/12) were included. Baseline characteristics were as follows: UPCR 5275.53 [3838.11, 8976.90] 
mg/g, UACR 4144.54 [3077.21, 6070.61] mg/g, eGFR 48.51 ± 21.31 ml/min/1.73 m², serum potassium 
4.11 ± 0.53 mmol/L. Compared to baseline, UPCR decreased by 55.49% (P < 0.001), UACR decreased by 
59.66% (P < 0.001), and eGFR declined by 4.03 mL/min/1.73 m² at month 12 (P = 0.170). Serum albumin 
increased from 34.5 ± 6.9 g/L to 38.6 ± 4.9 g/L (P = 0.061) at month 12. No serious adverse events, such 
as hyperkalemia (> 5.5 mmol/L), were observed. This real-world study shows the efficacy of triple 
therapy with RAS inhibitors, dapagliflozin, and finerenone in DKD patients with NRP, along with a 
favorable safety profile.
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Diabetic kidney disease (DKD) is the leading cause of chronic kidney disease (CKD) worldwide. DKD patients 
face a high risk of kidney failure, cardiovascular disease, and mortality1–3. A higher urine albumin-to-creatinine 
ratio (UACR) and lower estimated glomerular filtration rate (eGFR) in DKD patients are associated with 
increased risk4. Hemodynamic, metabolic, and inflammatory factors are believed to contribute to and exacerbate 
albuminuria and proteinuria in diabetic populations. Proteinuria, particularly nephrotic-range proteinuria 
(NRP), accelerates kidney function decline and increases premature cardiovascular morbidity and mortality5,6.

Inhibitors of the renin-angiotensin system (RAS), sodium-glucose cotransporter-2 (SGLT2) inhibitors, 
and non-steroidal mineralocorticoid receptor (ns-MR) antagonists have demonstrated cardiorenal benefits in 
diabetic patients in large clinical trials7–10. Despite these advancements, residual cardiorenal risk remains high 
in DKD patients. Therefore, new therapeutic strategies to improve cardiorenal outcomes are urgently needed.

Dual blockade of SGLT2 or the mineralocorticoid receptor, in addition to RAS inhibitors, provides additive 
cardiorenal protection in proteinuric kidney disease with diabetes11,12. However, clinical data on triple inhibition 
of RAS/SGLT2/MR in patients with diabetes, particularly those with NRP, remain limited, with most evidence 
coming from case reports or post hoc subgroup analyses of randomized controlled trials.
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To date, no real-world study has specifically investigated the triple inhibition of RAS/SGLT2/MR in DKD 
patients with NRP. To address this critical gap, we aim to evaluate the efficacy and safety of triple therapy with 
RAS inhibitors, SGLT2 inhibitors, and finerenone.

Methods
This retrospective study was conducted at the First Affiliated Hospital of Dalian Medical University between 
January 2023 and December 2024. DKD patients were prescribed finerenone in addition to stable, maximally 
tolerated RAS inhibitors and SGLT2 inhibitors. DKD patients with at least one follow-up visit were screened. 
The inclusion criteria were as follows: age ≥ 18 years, urine protein-to-creatinine ratio (UPCR) ≥ 3500 mg/g or 
UACR ≥ 2200 mg/g, and estimated glomerular filtration rate (eGFR) ≥ 25 mL/min/1.73 m2. Exclusion criteria 
included: immune-mediated or inherited kidney diseases, discontinuation of any drug for more than 2 weeks 
during follow-up, and loss to follow-up. The study flow chart is shown in Fig. 1. The primary endpoint of the 
study is ≥ 30% reduction in UPCR and UACR. Key outcomes include major adverse kidney events (MAKEs, 
which consists of eGFR reduction ≥ 50%, end-stage kidney disease, and death). Based on our previous study 
findings13, it was calculated that sample size of 11 for UPCR and 10 for UACR would achieve 80% power. 
Assuming dropout rate 20%, 13 patients for UPCR and 11 patients for UACR were sufficient to detect a 30% 
further reduction in UPCR and UACR.

Demographic data, clinical history, medications, and laboratory results (UPCR, UACR, serum potassium, 
albumin, and creatinine levels) were collected at baseline and follow-up visits. eGFR was calculated using the 
2021 CKD-EPI equation. All patients were followed up every 1–3 months. Adverse events were also recorded. 
All data were collected from electronic health records.

Continuous variables with normal distribution were expressed as mean ± standard deviation (SD), while those 
with skewed distribution were expressed as median [interquartile range (IQR), Q1, Q3]. All data underwent 
through normality tests to verify their normality. UPCR and UACR were log-transformed to achieve normal 
distribution. The least squares mean (LSM) of UPCR and UACR was calculated based on the original data and 
expressed as LSM (95% confidence interval [95% CI]). Wilcoxon matched-pairs signed rank test was used to 
analyze between median of normally-distributed data and skewed data. Wilcoxon r value and its 95% CI were 
used to demonstrate the effect sizes of Wilcoxon matched-pairs signed rank test. Effect sizes were interpreted 
based on established guidelines, with r ≈ 0.1 considered a small effect, r ≈ 0.3 a medium effect, and r ≈ 0.5 a large 
effect. Analysis of variance (ANOVA) with mixed effects model (restricted maximum likelihood method) was 
used to evaluate the significance of the data and handle the missing values. The Geisser and Greenhouse epsilon 
hat method were used to correct data without assuming sphericity. Eta squared and its 95% CI were used to 
demonstrate the effect sizes of ANOVA. Effect sizes were interpreted based on established guidelines, with eta 
squared ≈ 0.01 considered a small effect, eta squared ≈ 0.06 a medium effect, and eta squared ≈ 0.14 a large effect. 
A two-tailed P value < 0.05 was considered statistically significant. Statistical analyses and data visualizations 
were performed using GraphPad Prism 10.6.0 (GraphPad Software, Boston, Massachusetts, USA).

The study was approved by the Research Ethics Committee of the First Affiliated Hospital of Dalian Medical 
University (PJ-KS-KY-2024-84) and adhered strictly to the principles of the Declaration of Helsinki. All patients 
provided informed consent, and their data were anonymized to ensure privacy.

Fig. 1.  CONSORT-style flow diagram of the study. Abbreviations: DKD, diabetic kidney disease; NRP, 
nephrotic-range proteinuria; RAS inhibitors, renin-angiotensin system inhibitors; SGLT2 inhibitors, sodium-
glucose cotransporter-2 inhibitors; UPCR, urine protein-to-creatinine ratio; UACR, urine albumin-to-
creatinine ratio; eGFR, estimated glomerular filtration rate.
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Results
Baseline data
20 patients were included in our study. The baseline demographic and clinical data are presented in Table 1. At 
baseline, the mean age was 61 ± 12 years, with 40% females and 60% males. 11 (55%) had smoking history. The 
median UPCR was 5275.53 [3838.11, 8976.90] mg/g, and the median UACR was 4144.54 [3077.21, 6070.61] 
mg/g. The median BMI was 25.07 [22.59, 31.98] kg/m2. The mean serum albumin was 34.5 ± 6.9 g/L, and the 
mean eGFR was 48.51 ± 21.31 mL/min/1.73 m2. The mean serum potassium was 4.11 ± 0.53 mmol/L. The mean 
systolic blood pressure (SBP) is 150 ± 18 mmHg, and the mean diastolic blood pressure (DBP) is 92 ± 9 mmHg. 
Among the patients, 18 (90%) had hypertension, 6 (30%) had a history of ischemic heart disease, 2 (10%) had a 
history of heart failure with preserved ejection fraction (HFpEF), and 4 (20%) had a history of stroke. Ten (50%) 
patients received angiotensin II receptor blocker irbesartan, while the other ten (50%) received angiotensin 
receptor-neprilysin inhibitor sacubitril/valsartan. Three (15%) patients were treated with glucagon-like 
peptide-1 receptor (GLP-1R) agonists. All patients received maximal tolerated or labelled dose of RAS inhibitors 
had received at least 3-month combination therapy of RAS inhibitors and dapagliflozin before finerenone.

Effectiveness on UPCR, UACR and serum albumin level
At the point of 12 months prior to baseline, the UPCR was 5042.80 [3733.02, 7682.26] mg/g and UACR was 
4000.00 [2789.72, 5978.42] mg/g. And all patients were with NRP at 12 months prior to the study. The trends 
of UPCR and UACR LSM ratios compared to baseline are presented in Fig. 2A and B. At the end of 12 months 
of treatment, the median UPCR was 2667.50 [1668.34, 3662.62] mg/g, and the median UACR was 1640.96 
[1020.42, 2735.61] mg/g (Supplementary Fig. 1 and Supplementary Table 1). At month 12, there was a 55.49% 
reduction in the LSM of UPCR compared to baseline, from 6516.21 (95% CI 5475.56-7556.85) mg/g to 2900.38 
(95% CI 1859.74-3941.03) mg/g (P < 0.001), and a 59.66% reduction in the LSM of UACR from 4857.65 (95% 
CI 4092.37-5622.93) mg/g to 1959.66 (95% CI 1209.89-2709.44) mg/g (P < 0.001) (Supplementary Fig. 2 and 
Supplementary Table 2). The effect size (eta squared) and 95% CI of the aforementioned analyses were 0.342 
(0.163–0.443) and 0.390 (0.21–0.468). Serum albumin levels are shown in Fig. 2C. The mean serum albumin 
was 38.6 ± 4.9 g/L at month 12 (P = 0.061) (Supplementary Table 1). The effect size (eta squared) and 95%CI 
were 0.124 (0-0.213). The proportions of UPCR and UACR reduction from baseline are presented in Fig. 3A 
and B. The proportion of patients with a 30–50% reduction in UPCR and UACR was 30%, and the proportion 
of patients with a > 50% reduction in UPCR and UACR was 70% at month 12. At the end of follow-up, the mean 
SBP was 136 ± 14 mmHg, the mean DBP was 88 ± 8 mmHg. The mean BMI was 26.49 ± 4.75 kg/m². All patients 
(100%) achieved the primary endpoints at month 12.

Safety and adverse events
The mean eGFR, comparison of median 12-month changes of eGFR before and after the baseline, and mean 
serum potassium levels are presented in Fig. 4A and B, and Fig. 4C. The mean 12-month eGFR loss prior to 
baseline was 16.79 ml/min/1.73 m2. A mild decline of 4.03 mL/min/1.73 m2 in eGFR was observed from baseline 
to 44.48 ± 23.18 mL/min/1.73 m2  (P = 0.170) at month 12. The effect size (eta squared) and 95% CI was 0.087 
(0-0.164). Compared to prior 12-month change of eGFR to baseline, triple therapy had stable kidney function 
(median -11.40  ml/min/1.73  m2 vs. -2.76  ml/min/1.73  m2) (P = 0.031). The effect size (r value) and 95% CI 
was 0.468 (0.035–0.755). No MAKEs were recorded during the study period. The mean serum potassium level 
was 4.42 ± 0.49 mmol/L at month 12 (P = 0.011). The effect size (eta squared) and 95% CI was 0.182 (0.032–
0.281). Throughout the follow-up visits, serum potassium remained below 5.5 mmol/L. Comparing month 12 
to baseline, there was only a modest increase of 0.31 mmol/L in the mean serum potassium level. No adverse 
events, such as hyperkalemia (> 5.5 mmol/L), hypotension, or hyponatremia, were recorded during the study.

Discussion
To our knowledge, this is the first real-world study assessing the effects of triple therapy with RAS inhibitors, 
SGLT2 inhibitors, and finerenone in DKD patients with NRP.

In our analysis, we observed a significant reduction in UPCR and UACR in DKD patients with NRP under 
the triple therapy of RAS inhibitors, dapagliflozin, and finerenone. Notably, although these patients, who were 
already receiving stable RAS inhibitors and dapagliflozin, still had NRP, they exhibited further and sustained 
reductions in proteinuria following the addition of finerenone. In our cohort, UPCR was reduced by 55.49%, 
and UACR by 59.66% at month 12. Current guidelines recommend an early reduction in UACR of at least 30% 
within 3–6 months as a surrogate endpoint for favorable long-term cardiorenal outcomes in people with type 
2 diabetes. Further analysis in our study revealed that 85% of patients experienced a ≥ 30% decrease in UACR 
after 3 months, and all patients showed a ≥ 30% decrease in both UACR and UPCR at month 12. Based on our 
previous real-world study, we again provide evidence of the anti-proteinuric effectiveness of triple therapy with 
RAS inhibitors, dapagliflozin, and finerenone in DKD patients, even in high-risk populations with NRP13.

DKD patients with NRP often experience more severe clinical symptoms, such as edema, hypoalbuminemia, 
and thrombotic complications14. When compared with the baseline characteristics of the NRP subgroup in 
the EMPA-REG OUTCOME study, our participants were of similar age but had more severe disease, with 
higher UACR, more pronounced hypoalbuminemia, and varying degrees of edema15. In the present study, these 
symptoms were significantly alleviated during the follow-up period. This improvement is partly attributable to 
the implementation of triple therapy with RAS inhibitors, dapagliflozin, and finerenone, which led to a reduction 
in proteinuria and, consequently, the improvement of hypoalbuminemia.

NRP in diabetic patients is often associated with more rapid loss of kidney function. The persistent state 
of NRP significantly increases the risk of major adverse kidney and cardiovascular events in DKD patients16. 
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Categories All patients (n = 20)

Demographic data

 Age, years 61 (12)

 Female/Male 8 (40%)/12 (60%)

 Smoking history 11 (55%)

Laboratory data

 BMI, kg/m2 25.07 [22.59, 31.98]

 Systolic blood pressure, mmHg 150 (18)

 Diastolic blood pressure, mmHg 92 (9)

 UPCR, mg/g 5275.53 [3838.11, 8976.90]

 UACR, mg/g 4144.54 [3077.21, 6070.61]

 eGFR, mL/min/1.73 m2 48.51 (21.31)

 Serum albumin, g/L 34.5 (6.9)

 Serum creatinine, µmol/L 142 (56)

 Serum potassium, mmol/L 4.11 (0.53)

 Serum hemoglobin, g/L 120 (24)

 Serum uric acid, µmol/L 436 [364, 484]

 Cystatin C, mg/L 2.34 (0.64)

 TG, mmol/L 1.95 [1.54, 2.73]

 LDL-C, mmol/L 2.87 (1.33)

 HDL-C, mmol/L 1.21 (0.36)

 TC, mmol/L 4.75 [3.70, 7.60]

 HbA1c, % 7.65 [6.28, 8.78]

Clinical history

 Diabetes duration, years 16 (7)

 Diabetic retinopathy 8 (40%)

 Hypertension 18 (90%)

 Ischemic heart disease 6 (30%)

 HFpEF 2 (10%)

 Stroke 4 (20%)

Medication history

 RAS inhibitors 20 (100%)

  Irbesartan 10 (50%)

  Sacubitril-valsartan 10 (50%)

 SGLT2 inhibitor (dapagliflozin) 20 (100%)

 ns-MR antagonist (finerenone) 20 (100%)

 α-blockers 2 (10%)

 β-blockers 9 (45%)

 Calcium channel blockers 9 (45%)

 Diuretics 8 (40%)

 PCSK9 inhibitors 3 (15%)

 Statins 14 (70%)

 Antiplatelet drugs 8 (40%)

 Insulin 10 (50%)

 Biguanides 2 (10%)

 α-glucosidase inhibitors 3 (15%)

 GLP-1R agonists 3 (15%)

Table 1.  The baseline clinical data of 20 DKD patients. Data were expressed as mean (standard deviation), 
number (percentage), or median [interquartile interval (IQR) Q1, Q3]. eGFR was calculated by using 2021 
CKD-EPI equation. Abbreviations: DKD, diabetic kidney disease; UPCR, urine protein-to-creatinine ratio; 
UACR, urine albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; TG, triglyceride; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; HbA1c, 
hemoglobin A1c; HFpEF, heart failure with preserved ejection fraction; RAS inhibitors, renin–angiotensin 
system inhibitors; SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; ns-MR antagonist, non-
steroidal mineralocorticoid receptor antagonist; PCSK9 inhibitors, proprotein convertase subtilisin/kexin type-
9 inhibitors; GLP-1R agonists, glucagon-like peptide-1 receptor agonists.
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Fig. 3.  Proportion of UPCR and UACR decline percentages from baseline at different visits. (A) UPCR. (B) 
UACR. Bar: percentage of the proportion. Abbreviations: UPCR, urine protein-to-creatinine ratio; UACR, 
urine albumin-to-creatinine ratio.

 

Fig. 2.  Changes in UPCR, UACR, and serum albumin from baseline to month 12. (A) LSM of UPCR relative 
to baseline, showing a 55.49% reduction from baseline to month 12. (B) LSM of UACR relative to baseline, 
showing a 59.66% reduction from baseline to month 12. (C) Mean serum albumin level, which increased 
by 11.88% from baseline to month 12. Point: mean. Bar: 95% confidence interval for (A) and (B), standard 
deviation for (C). Abbreviations: LSM, least squares mean; UPCR, urine protein-to-creatinine ratio; UACR, 
urine albumin-to-creatinine ratio.

 

Fig. 4.  Mean eGFR, comparison of median 12-month changes of eGFR before and after the baseline, and mean 
serum potassium levels from baseline to month 12. (A) Mean eGFR, with a change of -4.03 mL/min/1.73 m2 
from baseline to month 12. Point: mean. Error bar: standard deviation. (B) Comparison of median 12-month 
changes of eGFR before and after the initiation of triple therapy. Bar, median. Error bar, interquartile range. 
(C) Mean serum potassium level, which increased by 0.31 from baseline to month 12. Point: mean. Error bar: 
standard deviation. Abbreviations: eGFR, estimated glomerular filtration rate.
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Among proteinuric CKD populations in landmark trials, SGLT2 inhibitors have been shown to slow long-term 
eGFR decline in CKD patients as well as reduce cardiorenal risk17, while finerenone has demonstrated efficacy in 
CKD patients with type 2 diabetes7,9. Furthermore, post hoc analyses revealed the beneficial effects of combining 
SGLT2 inhibitors and MR antagonists in patients with diabetes and CKD. Despite the known adverse effects of 
steroid MR antagonists (spironolactone and eplerenone), SGLT2 inhibitors still reduce major adverse kidney 
events without increasing the risk of treatment-emergent hyperkalemia or acute kidney injury18–20. Recently, a 
prespecified pooled analysis of FIDELITY demonstrated that finerenone offers beneficial cardiorenal outcomes, 
regardless of whether SGLT2 inhibitors were used at baseline or initiated during the trials, and that SGLT2 
inhibitors also reduced the risk of hyperkalemia21,22. However, proven therapies for DKD with NRP remain 
limited. Post hoc analyses of EMPA-KIDNEY and EMPA-REG OUTCOME showed that empagliflozin could be 
an effective and safe treatment option for slowing kidney disease progression and improving clinical outcomes 
in patients with type 2 diabetes and NRP or UACR greater than 2000 mg/g15,23,24. In our study, the 12-month loss 
of eGFR prior to baseline is 16.79 ml/min/1.73 m2 while eGFR decreased by only 4.03 mL/min/1.73 m2 (9.31%) 
from baseline after 12 months of triple therapy with RAS inhibitors, dapagliflozin, and finerenone in high-risk 
DKD patients with NRP.

The potential mechanisms of triple therapy with RAS inhibitors, dapagliflozin, and finerenone in reducing 
proteinuria require further investigation. First, both RAS and SGLT2 inhibitors can lower intraglomerular 
pressure by dilating the efferent arteriole and restoring tubuloglomerular feedback25,26. Second, finerenone likely 
protects glomerular structure by reducing inflammation and fibrosis through MR blockade27. Third, attenuation 
of oxidative stress and improvement of tubular hypoxia may also contribute to the reduction of proteinuria28. 
Fourth, finerenone also preserve the glomerular endothelial glycocalyx with reduction of metalloproteinase in 
plasma and urine29. Therefore, these complementary mechanisms justify the use of combination therapy30.

However, our study has several limitations. Firstly, it is a single-center, retrospective cohort study. Secondly, 
kidney biopsy may be necessary to further confirm pathological diagnoses in DKD patients with NRP. Thirdly, 
future studies should evaluate the impact of full implementation of guideline-directed medical therapy, including 
glucagon-like peptide-1 agonists, in DKD patients with NRP.

Conclusion
Triple therapy with RAS inhibitors, dapagliflozin, and finerenone may be an effective option to reduce 
proteinuria and albuminuria in DKD patients with NRP, while also slowing chronic kidney disease progression. 
Additionally, this triple therapy shows a relatively safe profile in high-risk DKD populations.

Data availability
Our data in this study will be shared upon a reasonable request to the corresponding author.
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