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Finerenone versus spironolactone inpatients
with chronic kidney disease and type 2
diabetes: a target trial emulation

Chung-An Wang 1,2, Hsuan-Wen Lai2,3, Jui-Yi Chen 4,5, Wei-Jie Wang6,7,
Li-Chun Lin 8,9, Yen-Ling Chiu10,11, Chung-Yi Cheng12,13,14 &
Vin-Cent Wu 8,9,15

The comparative effectiveness of finerenone and spironolactone in chronic
kidney disease (CKD) with type 2 diabetes (T2D) remains unclear. Here we
show, using a target trial emulation on global real-world data from TriNetX,
outcomes among 2268 propensity score–matched adults with CKD (eGFR
15–60mL/min/1.73m²) and T2D who initiated finerenone or spironolactone
between July 2021 and September 2024. Over a median follow-up of 1.3 years,
finerenone is associated with lower risks of major adverse cardiovascular
events (adjust hazard ratio [aHR], 0.74; 95% CI, 0.58–0.94), major adverse
kidney events (aHR, 0.47; 95% CI, 0.33–0.67), all-cause mortality (aHR, 0.31;
95% CI, 0.21–0.45), and hyperkalemia (17.2% vs. 26.4%; P < 0.001) compared
with spironolactone. These findings suggest potential benefits of finerenone
over spironolactone in reducingmortality and cardiorenal risk among patients
with CKD and T2D.

Chronic kidney disease (CKD) is a major complication of type 2 dia-
betes (T2D) and a leading cause of kidney failure worldwide1. Patients
with CKD and T2D have a substantially increased risk of cardiovascular
disease and progressive kidney dysfunction, despite treatment with
renin-angiotensin system (RAS) inhibitors and sodium-glucose
cotransporter-2 (SGLT2) inhibitors2,3. However, even with these
therapies, a high residual risk of adverse outcomes remains, high-
lighting the need for additional treatment strategies.

Finerenone, a nonsteroidalmineralocorticoid receptor antagonist
(MRA), has demonstrated cardiorenal benefits in patients with CKD

and type 2 diabetes in the FIDELIO-DKD and FIGARO-DKD trials4,5. In
contrast, spironolactone, a traditional and cost-effective steroidal
MRA, has been shown to reduce proteinuria and blood pressure but is
limited by a high incidence of hyperkalemia6–9. The BARACK-D trial
evaluated spironolactone in patients with CKD and found limited
cardiovascular benefits, with high discontinuation rates due to
declines in estimated glomerular filtration rate (eGFR) and
hyperkalemia10.

Recently, steroidal agents such as spironolactone andeplerenone,
along with the nonsteroidal agent finerenone, have been guideline-
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recommended for heart failurewith reducedejection fraction (HFrEF)11

and are increasingly used in CKD12, particularly in diabetic
nephropathy13. However, direct comparisons of finerenone and spir-
onolactone in real-world CKD and T2D populations remain scarce.
Given their distinct pharmacological properties, further evaluation of
their comparative effectiveness and safety is warranted in clinical
practice. In this work, we conducted a target trial emulation using real-
world electronic health records from the TriNetX network to compare
the effectiveness and safety of finerenone and spironolactone in
patients with CKD and T2D.

Results
Patient characteristics
Among the 18,314 patients who initiated finerenone or spironolactone
between June 2021 and September 2024, 1345 were identified as eli-
gible new users of finerenone (mean [SD] age, 68.5 [10.6] years; 799
[59.4%]male; 585 [43.5%]White), and 16,969 were eligible new users of
spironolactone (mean [SD] age, 72.3 [11.1] years; 7435 [43.8%] male;
11,029 [65.0%] White). After propensity score matching (PSM), 1132
individuals were included in each group for outcome analyses
(Table 1). The study cohort construction and exclusion criteria are
shown in Fig. 1.

Prior to matching, the finerenone group had a higher prevalence
of hyperuricemia compared with the spironolactone group. Con-
versely, the spironolactone group had a higher prevalence of anemia,
cardiovascular and kidney comorbidities, other organ comorbidities,
systemic disorders, sleep apnea, mood disorders, and lifestyle-related
health hazards. After PSM, baseline characteristics were well balanced
between the two groups.

Comparison of finerenone and spironolactone on outcome of
interests
After a follow-up of 1.3 years (IQR, 0.8–1.5), treatment with finerenone
was associated with a significantly lower risk of all-cause mortality
compared with spironolactone (aHR, 0.31; 95% CI, 0.21–0.45;
P <0.001). A total of 35 patients (3.1%) in the finerenone group and 112
patients (9.9%) in the spironolactone group died. This corresponded
to an absolute risk reduction (ARR) of 7% (95% CI, 5–9) and a number
needed to treat (NNT) of 15 (95% CI, 11–21) (Table 2). The intention-to-
treat survival probability for each treatment group is presented in
Fig. 2. 112 patients (9.9%) in the finerenone group and 150 patients
(13.3%) in the spironolactone group experienced MACE. Finerenone
was associated with a significantly lower risk of MACE than spir-
onolactone (aHR,0.74; 95%CI, 0.58–0.94;P =0.013), with anARRof 3%
(95% CI, 1%–6%) and a NNT of 29 (95% CI, 17–143) (Table 2). This
association remained consistent across individual components,
including acute myocardial infarction, cardiac arrest/ cardiogenic
shock, and alternative MACE definitions (Supplementary Table 5).
MAKE occurred in 46 patients (4.1%) in the finerenone group and 96
patients (8.5%) in the spironolactone group, with a lower hazard ratio
in the finerenone group (aHR, 0.47; 95% CI, 0.33–0.67; P <0.001). This
corresponded to an ARR of 4% (95% CI, 2%–6%) and an NNT of 23 (95%
CI, 16–42) (Table 2). The E-values for MACE (2.06), MAKE (3.68), and
mortality (5.91) suggest that the observed associations are robust to
unmeasured confounding (Table 2).

Secondary outcome
Patients receiving spironolactone experienced significantly more epi-
sodes of hyperkalemia. Hyperkalemia (potassium ≥5.5mmol/L)
occurred in 26.4% of patients receiving spironolactone and 17.2% of
those receiving finerenone (P <0.001). Hyperkalemia (potassium
≥6.0mmol/L) was observed in 10.2% of the spironolactone group and
5.9% of the finerenone group (P <0.001). Severe hyperkalemia with
potassium ≥6.5mmol/L occurred in 3.9% of the spironolactone group
and 2.1% of the finerenone group (P = 0.014) (Supplementary Table 6).

Subgroup and sensitivity analyses
The association betweenfinerenoneuse and a lower risk of theprimary
outcomes remained consistent across subgroups stratified by age, sex,
HbA1c level (≥7% vs <7%), kidney function (eGFR ≥45, 30–44, and
<30mL/min/1.73m²), proteinuria (UPCR ≥ 300 vs <300mg/g), heart
failure status, concurrent SGLT2 inhibitor use, RAS inhibitor use, and
enrollment year. Notably, the association with lower mortality was
more pronounced among patients receiving RAS inhibitors (p for
interaction =0.048), and the association with lower MAKE risk was
stronger among those enrolled in 2024 or later (p for interaction
<0.001). No significant effect modification was observed in other
subgroups (p for interaction >0.05 for all) (Fig. 3).

Treatment persistence wasmodest overall, with 49.0% of patients
remaining on finerenone and 55.5% on spironolactone at 6 months,
declining to 33.8% and 28.3% at 12 months, respectively. In landmark
analyses restricted to patients with continued treatment at 3 and
6 months, finerenone was consistently associated with lower risks of
MACE, MAKE, and all-cause mortality compared with spironolactone
(Supplementary Table 7). Additional analyses performed before PSM,
censoring events within the first 30 days of treatment initiation,
restricting the cohort to thosewith documented drug doses (10mg for
finerenone, 25mg for spironolactone), excluding patients who swit-
ched to other MRAs, and limited to patients with complete laboratory
data also supported the robustness of our findings (Supplementary
Tables 8 and 9).

Negative outcome analysis
In the negative outcome analysis of overall cancer risk, patients with a
history of cancer at treatment initiation were excluded. No significant
difference in the risk of de novo cancer was observed between the two
treatment groups (Supplementary Table 6).

Discussion
In this real-world cohort study emulating a randomized clinical trial,
finerenone use in patients with CKD and T2D was associated with a
lower risk of all-cause mortality, MACE, and MAKE compared with
spironolactone, with a median follow-up of 1.3 years (IQR, 0.8–1.5).
Notably, the combination of finerenone with RAS inhibitors was
associated with a significant reduction in the risk of MACE. Further-
more, clinical use of finerenone after 2024 was linked to a decreased
risk of MAKE. Additionally, in this new-user intention-to-treat study,
treatment with finerenone was associated with a lower incidence of
hyperkalemia compared with spironolactone.

To our knowledge, this is the first study to head-to-head compare
the effectiveness of finerenone versus spironolactone in a real-world
cohort of patients with CKD and T2D using a target trial emulation
approach. Previous randomized trials, such as FIGARO-DKD and
FIDELIO-DKD, have demonstrated the cardiovascular and kidney
benefits of finerenone in this population, with the pooled FIDELITY
analysis confirming its ability to delay CKD progression4,5,14. Despite
differences in baseline characteristics and follow-up duration, the 9.9%
MACE incidence and 3.1% mortality we observed over 1.3 years are
broadly consistent with those reported in the FIDELIO-DKD trial,
reinforcing the external validity of our real-world findings. In contrast,
spironolactone, commonly used for CKD-related hypertension and
proteinuria,may be limited by a higher incidence of hyperkalemia. The
BARACK-D trial did not identify significant cardiovascular benefits
associated with spironolactone use in patients with CKD, likely due to
its frequent discontinuation owing to safety concerns, even at low
doses10. Furthermore, low-dose spironolactone users did not demon-
strate a significant benefit in slowing renal function decline over the
study period10. In a post hoc analysis of the FIDELITY-TRH and AMBER
studies, finerenone was associated with a lower risk of hyperkalemia
and treatment discontinuation compared with spironolactone in
patients with treatment-resistant hypertension and CKD15.
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Table 1 | Baseline characteristics of patients with chronic kidney disease and type 2 diabetes initiating finerenone or spir-
onolactone, before and after propensity score matching

Characteristic Before PSM, No. (%) After PSM, No. (%)

Finerenone
group (n = 1345)

Spironolactone group
(n = 16,969)

SMD Finerenone
group (n = 1132)

Spironolactone
group (n = 1132)

SMD

Age, mean (SD), years 68.5 (10.6) 72.3 (11.1) 0.356 68.9 (10.4) 68.9 (12.2) 0.002

Sex, %

Male 799 (59.4) 7435 (43.8) 0.316 641 (56.6) 644 (56.9) 0.005

Female 546 (40.6) 9521 (56.1) 0.314 491 (43.4) 487 (43.0) 0.007

Unknown sex 0 (0) 13 (0.1) 0.039 0 (0) 1 (0.1) 0.042

Ethnicity

Not Hispanic or Latino 1115 (82.9) 13,245 (78.1) 0.122 923 (81.5) 910 (80.4) 0.029

Hispanic or Latino 93 (6.9) 770 (4.5) 0.102 77 (6.8) 77 (6.8) <0.001

Unknown ethnicity 137 (10.2) 2954 (17.4) 0.211 132 (11.7) 145 (12.8) 0.035

Race

White 585 (43.5) 11,029 (65.0) 0.442 543 (48.0) 516 (45.6) 0.048

Black or African American 173 (12.9) 3,399 (20.0) 0.194 167 (14.8) 180 (15.9) 0.032

Asian 393 (29.2) 743 (4.4) 0.704 248 (21.9) 254 (22.4) 0.013

Native Hawaiian 26 (1.9) 90 (0.5) 0.127 19 (1.7) 16 (1.4) 0.021

Unknown race 168 (12.5) 1708 (10.1) 0.076 155 (13.7) 166 (14.7) 0.029

Comorbidities

Essential Hypertension 1100 (81.8) 14,141 (83.3) 0.041 935 (82.6) 921 (81.4) 0.032

Ischemic heart diseases 417 (31.0) 8,602 (50.7) 0.409 375 (33.1) 377 (33.3) 0.004

Heart failure 263 (19.6) 10,585 (62.4) 0.967 258 (22.8) 255 (22.5) 0.006

Cerebrovascular diseases 141 (10.5) 2,692 (15.9) 0.160 126 (11.1) 120 (10.6) 0.017

Peripheral vascular diseases 137 (10.2) 2,170 (12.8) 0.082 125 (11.0) 112 (9.9) 0.038

Atrial fibrillation and flutter 169 (12.6) 6,443 (38.0) 0.611 164 (14.5) 149 (13.2) 0.038

Acute kidney failure 252 (18.7) 5,331 (31.4) 0.296 230 (20.3) 227 (20.1) 0.007

COPD 93 (6.9) 3889 (22.9) 0.461 87 (7.7) 83 (7.3) 0.013

Liver diseases 110 (8.2) 3075 (18.1) 0.297 105 (9.3) 96 (8.5) 0.028

Neoplasms 324 (24.1) 5175 (30.5) 0.144 288 (25.4) 296 (26.1) 0.016

Anemia 437 (32.5) 6785 (40.0) 0.156 384 (33.9) 370 (32.7) 0.026

Systemic connective tissue
disorders

23 (1.7) 581 (3.4) 0.109 21 (1.9) 13 (1.1) 0.058

Hyperuricemia 65 (4.8) 338 (2.0) 0.157 53 (4.7) 38 (3.4) 0.068

Sleep apnea 233 (17.3) 4959 (29.2) 0.284 215 (19.0) 216 (19.1) 0.002

Lifestyle factors

Depressive episode 109 (8.1) 2970 (17.5) 0.284 104 (9.2) 89 (7.9) 0.047

Anxiety disorders 126 (9.4) 3294 (19.4) 0.289 116 (10.2) 104 (9.2) 0.036

Nicotine dependence 66 (4.9) 1626 (9.6) 0.181 63 (5.6) 56 (4.9) 0.028

Alcohol related disorders 14 (1.0) 515 (3.0) 0.141 14 (1.2) 14 (1.2) <0.001

SES and psychosocial-related
health hazards

22 (1.6) 700 (4.1) 0.149 22 (1.9) 22 (1.9) 0.006

Diabetic complications

Ophthalmic 202 (15.0) 1740 (10.3) 0.144 169 (14.9) 159 (14.0) 0.025

Neurologic 326 (24.2) 4469 (26.3) 0.048 283 (25.0) 294 (26.0) 0.022

Circulatory 201 (14.9) 2742 (16.2) 0.034 173 (15.3) 152 (13.4) 0.053

Medications

Insulin 578 (43.0) 9646 (56.8) 0.280 503 (44.4) 509 (45.0) 0.011

Metformin 396 (29.4) 4452 (26.2) 0.072 329 (29.1) 333 (29.4) 0.008

GLP-1RA 339 (25.2) 1929 (11.4) 0.364 264 (23.3) 266 (23.5) 0.004

SGLT2 inhibitors 701 (52.1) 3742 (22.1) 0.655 510 (45.1) 516 (45.6) 0.011

RAS inhibitors 931 (69.2) 9814 (57.8) 0.238 757 (66.9) 753 (66.5) 0.077

Calcium channel blocker 644 (47.9) 7668 (45.2) 0.054 532 (47.0) 549 (48.5) 0.030

Beta-blocker 620 (46.1) 11,724 (69.1) 0.478 552 (48.8) 584 (51.6) 0.057

Aspirin 290 (21.6) 7007 (41.3) 0.435 260 (23.0) 263 (23.2) 0.006

Anticoagulants 310 (23.0) 10,412 (61.4) 0.842 301 (26.6) 297 (26.2) 0.008

HMG-CoA reductase 884 (65.7) 11,124 (65.6) 0.004 731 (64.6) 733 (64.8) 0.004

Allopurinol 178 (13.2) 2034 (12.0) 0.038 144 (12.7) 138 (12.2) 0.016
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Both steroidal and non-steroidal MRAs mitigate endothelial dys-
function, oxidative stress, and albuminuria via aldosterone
blockade8,16–18. Spironolactone has been shown to reduce left ven-
tricular (LV) mass, improve arterial stiffness, and enhance LV function
in early CKD19,20. However, spironolactone use is often limited by early
discontinuation, with nearly two-thirds stopping treatment within
6 months in the BARACK-D trial10, compared to lower discontinuation
rates (~27–29%) over full follow-up in finerenone trials4,5. In our real-
world study, treatment persistence between 6 and 12 months was
higher in the finerenone group (33.8%) compared to spironolactone
(28.3%). This pattern may reflect better long-term tolerability in
patients with finerenone.

Hyperkalemia remains a key limitation of MRAs therapy in CKD
management. Discontinuation or down-titration of MRAs, due to
hyperkalemia, is associated with significantly increased risks of
adverse outcomes in patients with CKD and heart failure. The
BIOSTAT-CHF and Swedish HF registries previously found that the
hyperkalemia itself was not directly linked to adverse outcomes—

instead, it marked suboptimal therapy that led to worse
prognosis21,22. In our study, finerenone was associated with a lower
risk of hyperkalemia compared with spironolactone, which aligns
with prior research15. Before matching, mean serum potassium was
marginally higher in participants treated with finerenone than in
those given spironolactone, a disparity that likely reflects clinicians’
preference for finerenone in patients with hyperkalemia liability. This
imbalance was eliminated after matching, and finerenone still con-
ferred a lower incidence of treatment-emergent hyperkalemia than
spironolactone. Our specificity analyses yielded consistent findings,
with finerenone being associated with greater benefit than spir-
onolactone, particularly in the lower risk of cardiac arrest. This
observation aligns with the lower incidence of hyperkalemia-related
sudden cardiac death observed in the finerenone group. These
findings support the potential role of finerenone as an alternative to
spironolactone in the management of patients with CKD and type 2
diabetes, particularly among those at increased risk of potassium
dysregulation.

Table 1 (continued) | Baseline characteristics of patients with chronic kidney disease and type 2 diabetes initiating finerenone
or spironolactone, before and after propensity score matching

Characteristic Before PSM, No. (%) After PSM, No. (%)

Finerenone
group (n = 1345)

Spironolactone group
(n = 16,969)

SMD Finerenone
group (n = 1132)

Spironolactone
group (n = 1132)

SMD

Laboratory and vital signs measurements

SBP, mean (SD), mmHg

≥130mmHg 992 (73.8) 13,076 (77.1) 0.077 830 (73.3) 836 (73.9) 0.012

<130mmHg 77 (5.7) 1,048 (6.2) 0.021 60 (5.3) 58 (5.1) 0.029

No measurement 276 (20.5) 2845 (16.8) 0.10 242 (21.4) 238 (21.0) 0.009

HbA1c, mean (SD), %

≥7 % 747 (55.5) 7323 (43.2) 0.250 618 (54.6) 620 (54.8) 0.004

<7 % 403 (30.0) 5960 (35.1) 0.109 334 (29.5) 346 (30.6) 0.024

No measurement 195 (14.5) 3686 (21.7) 0.18 180 (15.9) 166 (14.7) 0.029

BMI, mean (SD), kg/m2

≥30kg/m2 525 (39.0) 8,787 (51.8) 0.258 467 (41.3) 466 (41.2) 0.002

<30kg/m2 473 (35.2) 3,933 (23.2) 0.266 346 (30.6) 355 (31.4) 0.017

No measurement 347 (25.8) 4,249 (25.0) 0.018 319 (28.2) 311 (27.5) 0.009

eGFR, mL/min/1.73m2

≥45mL/min/1.73m2 212 (15.8) 4185 (24.7) 0.223 191 (16.9) 174 (15.4) 0.041

30-44mL/min/1.73m2 616 (45.8) 7348 (43.3) 0.050 521 (46.0) 521 (46.0) <0.001

<30mL/min/1.73m2 517 (38.4) 5436 (32.0) 0.134 420 (37.1) 437 (38.6) 0.031

UPCR, mg/g

≥300mg/g 350 (26.0) 955 (5.6) 0.528 232 (20.5) 243 (21.5) 0.024

30-300mg/g 130 (9.7) 596 (3.5) 0.250 97 (8.6) 107 (9.5) 0.031

<30mg/g 96 (7.1) 779 (4.6) 0.207 93 (8.2) 81 (7.2) 0.036

No measurement 769 (57.2) 14,639 (86.3) 0.588 710 (62.7) 701 (61.9) 0.017

LDL, mg/dL

≥160mg/dL 67 (5.0) 518 (3.1) 0.098 54 (4.8) 54 (4.8) <0.001

100–160mg/dL 305 (22.7) 2764 (16.3) 0.162 243 (21.5) 242 (21.4)

<100mg/dL 663 (49.3) 7548 (44.5) 0.096 538 (47.6) 552 (48.8) 0.024

No measurement 310 (23.0) 6139 (36.2) 0.29 297 (26.3) 284 (25.1) 0.027

Total cholesterol, mg/dL

≥240mg/dL 83 (6.2) 669 (3.9) 0.102 66 (5.8) 74 (6.5) 0.029

200–240mg/dL 176 (13.1) 1360 (8.0) 0.166 141 (12.5) 121 (10.7) 0.055

<200mg/dL 765 (56.9) 8542 (50.3) 0.133 631 (55.7) 628 (55.5)

No measurement 321 (23.9) 6398 (37.7) 0.30 294 (26.0) 309 (27.3) 0.010

Potassium, mEq/L

4.5–5.0 mEq/L 944 (70.2) 11,347 (66.9) 0.071 783 (69.2) 748 (66.1) 0.066

<4.5mEq/L 401 (29.8) 5622 (33.1) 0.071 349 (30.8) 384 (33.9) 0.066

BMI body mass index, CCB calcium channel blocker, COPD chronic obstructive pulmonary disease, eGFR estimated glomerular filtration rate, GLP-1RA glucagon-like peptide 1 receptor agonist,
HbA1c glycated hemoglobin,HMG-CoA hydroxymethylglutaryl-CoA, LDL low-density lipoprotein, PSM propensity score matching, RAS renin-angiotensin system, SBP systolic blood pressure, SES
socioeconomic status, SMD standardized mean difference, SGLT2 sodium-glucose cotransporter-2, UPCR urine protein and creatinine ratio.
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Furthermore, the observed association between finerenone and
reduced mortality and cardiorenal outcomes may be partly attributed
to its distinct pharmacological properties beyond treatment persis-
tence and lower hyperkalemia risk14. Finerenone has distinct

pharmacological properties, including inhibition of pro-inflammatory
and pro-fibrotic pathways via suppression of serum/glucocorticoid-
regulated kinase 1 (Sgk1) activation and prevention of cofactor
recruitment to mineralocorticoid receptors23–25. Finerenone shows

Fig. 1 | Study cohort construction and exclusion criteria. *CKD was defined by
two eGFR values < 60mL/min/1.73m² (using the Modification of Diet in Renal
Disease Study [MDRD] formula), separated by at least 90 days. †Strong CYP3A4
inhibitors, for example ketoconazole, clarithromycin, etc. CKD chronic kidney

disease, CYP3A4 cytochrome P450 3A4, ESKD end stage kidney disease, ICH
intracranial hemorrhage, MRA mineralocorticoid receptor antagonist, PSM pro-
pensity score matching.

Table 2 | Comparison of primary outcomes between finerenone and spironolactone: intention-to-treat analysis

Outcomes No. of Patients with outcome aHR (95% CI) P value E-value
(upper CI)

ARR (95% CI) NNT (95% CI)

Finerenone
(n = 1132)

Spironolactone (n = 1132)

MACE 112 150 0.74 (0.58–0.94) 0.013 2.06 (1.33) 0.03 (0.01–0.06) 29 (17–143)

MAKE 46 96 0.47 (0.33–0.67) <0.001 3.68 (2.35) 0.04 (0.02–0.06) 23 (16–42)

All-cause
mortality

35 112 0.31 (0.21–0.45) <0.001 5.91 (3.83) 0.07 (0.05–0.09) 15 (11–21)

P values were calculated using a two-sided log-rank test. Exact p values are provided where available; otherwise, p values are reported as <0.001 when below this threshold. No adjustments were
made for multiple comparisons.
aHR adjust hazard ratio, CI confidence interval, MACEmajor adverse cardiac events, MAKEmajor adverse kidney events.
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superior antifibrotic effects in the heart and kidneys, slowing CKD
progression in patients with diabetes15. These pharmacological dis-
tinctions provide a potential explanation for our findings and highlight
finerenone’s role as a more targeted therapeutic option in CKD
and T2D23.

The low NNT for mortality (15) from our study underscores the
potential benefit even over short-term follow-up in this high-risk
population. Furthermore, finerenone appears to act synergistically
with RAS inhibitors, providing a more comprehensive strategy for
managing cardiorenal complications in T2D. A meta-analysis demon-
strated thatfinerenone,when combinedwithRAS inhibitors, improved
cardiovascular and kidney outcomes and reduced the risk of hyper-
kalemia compared with than traditional MRAs such as
spironolactone26. Clinically, this dual blockade has been shown to
enhance cardiorenal outcomes: the FIDELIO-DKD and FIGARO-DKD
trials reported that the addition of finerenone to optimized RAS
blockade significantly reduced rates of MACE, particularly hospitali-
zations for heart failure and cardiovascular mortality4,5,14.

This study has several limitations. First, as a retrospective analysis,
residual confounding cannot be fully excluded despite the rigorous
adjustments made using propensity score matching and the target trial
framework. However, E-value analysis suggests that an unmeasured
confounder would be unlikely to account for the observed associations.
Indication bias remains a limitation, as finerenone was more frequently
prescribed to patients with lower eGFR and higher potassium levels,
though we adjusted for complications and cardiorenal risk factors
associated with diabetes as proxy of disease severity, which likely miti-
gated potential bias. However, the use of a target trial emulation
approach strengthens the validity of causal inferences by systematically
mitigating key sources of bias, including immortal time bias, selection
bias, anddepletion of susceptible bias. Second, the reliance on EHRs and
standardized coding systems, including the International Classification
of Diseases, 10th Revision (ICD-10), may introduce ascertainment bias
due to potentialmisclassification or incomplete capture of events.While
negative control outcome was used to assess potential systemic bias,
overdiagnosis, underdiagnosis, or misclassification cannot be fully
excluded. Third, the relatively short follow-up period of 1.3 years,
reflecting the recent approval of finerenone, limits our ability to draw
definitive conclusions on long-termefficacy and safety, which are critical
in managing chronic diseases like CKD. Fourth, treatment adherence
over time could not be fully assessed; exposure was defined at baseline,
and dynamic changes such as discontinuation or switching were not
captured. However, treatment persistence and landmark sensitivity
analyses supported the robustness of our findings among sustained
users, although residual misclassification was possible. Additionally, the
reasons for treatment discontinuation, such as hyperkalemia or other
adverse events, were not captured in the database, limiting further
insight into discontinuation patterns. Fifth, the predominance of spir-
onolactone 25mg and finerenone 10mgprescriptions limited our ability
to evaluate dose–response effects. A dose-restricted sensitivity analysis
confined to these common doses corroborated the primary findings.
Moreover, a notable portion of patients had missing or unrecorded
MRA dosing data, further restricting detailed dose stratification. Sixth,
missing laboratory data, especially proteinuria (UPCR), is a common
limitation of EHR studies. High UPCR missingness may underestimate
proteinuria prevalence and affect generalizability. Finally, CKD was
defined based on two eGFRmeasurements at least 90 days apart, which
may have inadvertently included patients with transient declines due to
acute kidney injury. However, this algorithm has been previously vali-
dated for CKD stage 3 or greater27.

Ongoing clinical trials, such as FIND-CKD (NCT05047263) and
CAPTIVATE (NCT06058585), will further elucidate the efficacy of
finerenone in a broader CKD population, including individuals without
diabetes. Additionally, the CONFIDENCE trial (NCT05254002) will

Fig. 2 | Cumulative incidenceof studyoutcomes inpatientswithchronic kidney
disease and type 2 diabetes. A MACE. B MAKE. C All-cause mortality.
Kaplan–Meier curves show estimated survival/event-free probabilities for each
treatment group (centre), with shaded areas indicating 95% confidence intervals
(error bands). The number at risk and the number of events at each time point are
shown below each panel. Sample sizes for both finerenone and spironolactone
groups are n = 1132, with each patient representing an independent biological
replicate.P valueswerecalculatedusing a two-sided log-rank test. Exactp values are
provided where available; otherwise, p values are reported as <0.001 when below
this threshold. No adjustments were made for multiple comparisons. Source data
are provided as a Source data file. MACEmajor adverse cardiac events,MAKEmajor
adverse kidney events.
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evaluate the potential benefits of combining MRAs with SGLT2 inhi-
bitors, particularly inmanaging potassiumhomeostasis and improving
long-termclinical outcomes inpatientswithCKD.Asfinerenonemoves
toward broader clinical adoption, its higher cost relative to spir-
onolactonewarrants careful consideration. Althoughmodeling studies
suggest that finerenone may be cost-effective in CKD and T2D28–32,
cost-effectiveness data for spironolactone remain limited10. Rigorous
cost-utility analyses in resource-limited settings are therefore required
before widespread adoption.

In this real-world cohort study emulating a randomized clinical
trial, use offinerenone in patientswith chronic kidneydisease (CKD) and
type 2 diabetes (T2D) was associatedwith a significantly lower risk of all-
cause mortality, as well as cardiovascular and kidney events, compared
with spironolactone. Finerenone use was also linked to a reduced inci-
dence of hyperkalemia, a common safety concern with MRA therapy.
These findings suggest that finerenone may offer improved clinical
outcomes and a more favorable safety profile in this high-risk popula-
tion. However, confirmation through prospective, long-term rando-
mized clinical trials is needed to validate these real-world observations
and inform optimal treatment strategies in patients with CKD and T2D.

Methods
The study adhered to the ethical principles of the Declaration of
Helsinki33 and followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guideline. Ethical approval
for this study was obtained from the Institutional Review Board of Chi
Mei Hospital (approval number: 11210- E01). In addition, all partici-
pating healthcare organizations contributing data to the TriNetX
Research Network had obtained institutional review board (IRB) or
ethics committee approval to share de-identified data. The use of de-
identified, aggregated data was deemed exempt from informed con-
sent by the Western Institutional Review Board. This exemption is
based on the TriNetX platform’s data de-identification process, which
complies with the Health Insurance Portability and Accountability Act
(HIPAA) Privacy Rule and General Data Protection Regulation (GDPR)
standards. The data are formally certified by a qualified expert as de-

identified, contain no protected health information (PHI), and are
presented only as aggregated summaries, thus, the research is con-
sidered non-human subjects research and exempt from informed
consent requirements.

Data source
This study used data from the TriNetX platform, which aggregates
electronic health records (EHRs) from the Global Collaborative Net-
work, comprising 146 healthcare organizations (HCOs). These HCOs
span 21 countries across the Americas, Europe/Middle East/Africa
(EMEA), and Asia-Pacific (APAC) regions, including the United States,
UnitedKingdom,Germany, France, Israel, Japan, Taiwan, andAustralia.
The available EHR data include patient demographics (including sex as
recorded in the individual’s EHR), diagnoses,medications, procedures,
laboratory tests, genomics, visits, anddetails related to socioeconomic
factors and lifestyle. Race and ethnicity are recorded separately in
TriNetX, consistent with clinical documentation standards in the Uni-
ted States and other participating regions. This network encompasses
both insured and uninsured patients from a range of clinical settings,
including hospitals, primary care units, and specialty clinics34–42.

Target trial specification and emulation
The target trial emulation framework was used to design and analyze
this observational study, replicating an RCT structure using observa-
tional data43,44. This framework has been widely applied in clinical
research, particularly in studies on CKD45,46. To emulate randomiza-
tion, the finerenone and spironolactone groups were propensity-score
matched for these covariates47. Details of the target trial specification,
including eligibility criteria, treatment strategies, outcomes, and ana-
lysis approach, are provided in Supplementary Table 1 and Supple-
mentary Fig. 1.

Eligibility criteria
The target trial emulation included adults aged ≥18 years with CKD and
T2D who had medical encounters between July 2021 and September
2024. This study periodwas selected as finerenonewas first approved by

Fig. 3 | Adjusted hazard ratios for primary outcomes across prespecified sub-
groups. Points represent the estimated hazard ratio (measure of centre) for each
subgroup, and horizontal lines represent the corresponding 95% confidence
intervals (error bars). Sample sizes for both finerenone and spironolactone groups
are n = 1132, with each patient representing an independent biological replicate. P
values for interaction were derived from likelihood‑ratio χ² tests comparing Cox
models with versus without the treatment × subgroup interaction terms in the

PS‑matched cohort. Exact p values are provided where available; otherwise, p
values are reported as <0.001 when below this threshold. No adjustments were
made for multiple comparisons. Source data are provided as a Source data file.
eGFR estimated glomerular filtration rate, HbA1c glycated hemoglobin, HF heart
failure, MACE major adverse cardiac events, MAKE major adverse kidney events,
RAS renin-angiotensin system, SGLT2 sodium-glucose cotransporter-2, UPCR urine
protein and creatinine ratio.
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the US FDA in July 2021. Incident CKD was defined as two eGFR
values <60mL/min/1.73m², measured at least 90 days apart, using the
Modification of Diet in Renal Disease Study (MDRD) formula. Patients
were grouped based on the first prescription (new users) of either
finerenone or spironolactone, marking the baseline or index event. Eli-
gible patients had no history of either MRAs use in the preceding
6 months before index event. Exclusion criteria included prior eGFR
values < 15mL/min/1.73m², end-stage renal disease (ESRD), or recent
events such as acute coronary syndromes, stroke, cardiac arrest, car-
diogenic shock, or ever dialysis within 60 days of the index prescription.
Other exclusions included medical contraindications (e.g., adrenal
insufficiency such as Addisonian crisis or history of strong CYP3A4
inhibitors) and safety concerns (e.g., hyperkalemia, defined as serum
potassium ≥5.5mmol/L, as per the safety warnings for either finerenone
or spironolactone). Eligibility criteria and baseline covariates were eval-
uated during the baseline period, defined as the one-year period prior to
the index event. (Supplementary Table 2 and Supplementary Fig. 1).

Treatment strategies
Two treatment strategies were compared: initiation of finerenone or
spironolactone at baseline (index event). Treatment initiation was
defined as thefirst prescriptionof the respectivemedication (new-user
design), following an intention-to-treat approach, with no adjustments
for medication adherence, switches, or addition of other MRAs.

Prespecified outcomes
The primary outcomes were major adverse cardiovascular events
(MACE), major adverse kidney events (MAKE), and all-cause mortality.
MACE was defined as acute coronary syndromes, nonfatal stroke,
hemorrhagic stroke, cardiac arrest, cardiogenic shock. To comple-
ment our primary definition, we additionally evaluated alternative
MACE definitions based on narrower myocardial infarction criteria.
MAKE was defined as progression to end-stage kidney disease (ESKD)
or initiation of dialysis. The secondary outcome was hyperkalemia,
assessed at thresholds of ≥5.5mEq/L. Each patient was followed from
the index event until the occurrence of an outcome of interest, loss to
follow-up, death, administrative censoring (March 14, 2025), or a
maximum follow-up period of 1.5 years, whichever occurred first
(Supplementary Table 3).

Covariates
The predefined covariates, selected based on clinical knowledge and
previous evidence, were measured within 1 year before the index event
to balance treatment group differences. These included socio-
demographic factors—age, race, sex, and socioeconomic status—as
documented in the electronic health record; laboratory and vital sign
measurements (glycated hemoglobin, eGFR, blood pressure, total cho-
lesterol, low-density lipoprotein cholesterol, body mass index, and
potassium); medications (insulin, metformin, glucagon-like peptide 1
receptor agonists, sodium-glucose cotransporter 2 (SGLT2) inhibitors,
renin-angiotensin system (RAS) inhibitors, β-blockers, calcium channel
blockers, aspirin, anticoagulants, and hydroxymethylglutaryl-CoA
(HMG-CoA) reductase inhibitors); comorbidities (ischemic heart dis-
ease, heart failure, hypertension, cerebrovascular disease, peripheral
vascular disease, atrial fibrillation and flutter, acute kidney injury, ane-
mia, chronic obstructive pulmonary disease, liver disease, systemic
connective tissue disorders, neoplasms, hyperuricemia, sleep apnea,
depressive episodes, and anxiety disorders); diabetic complications
(ophthalmic, neurologic, and circulatory); and lifestyle factors (nicotine
dependence and alcohol-related disorders) (Supplementary Table 4).

Statistical analysis
To minimize confounding and emulate the randomization process,
one-to-one propensity score matching (PSM) was performed using
logistic regression with greedy nearest-neighbor matching and a

caliper width of 0.1 pooled standardized differences42. Adequate
balance between the matched groups was considered achieved
when the standardized difference was less than 0.1, indicating
minimal differences48. To address missing laboratory data (e.g.,
BMI, HbA1c, SBP, lipids, and UPCR), we included a distinct “no
measurement” category for each variable in the propensity
score model.

For the primary analysis, hazard ratios (HRs) and 95% confidence
intervals (CIs) were estimated using Cox proportional hazards models
under an intention-to-treat framework. Cumulative incidence curves
were generated using the Kaplan-Meier method, and differences were
evaluated with the log-rank test. Absolute risk reduction (ARR) was
calculated as the difference in event rates between groups, and num-
ber needed to treat (NNT) was derived as its reciprocal (NNT = 1/ARR).
Confidence intervals for ARR and NNT were estimated using standard
binomial methods. The incidence of hyperkalemia was assessed using
odds ratios (ORs) with corresponding p values, which were derived
from the chi-square test. To assess robustness to unmeasured con-
founding, we calculated E-values, with higher values indicating greater
resistance to bias49.

Predefined subgroup analyses were conducted in separate PSM
cohorts stratified by clinically relevant baseline characteristics, including
age, sex, glycated hemoglobin level, baseline eGFR, proteinuria, heart
failure, and use of SGLT2 inhibitors and RAS inhibitors, and enrollment
year, to examine potential effect modification. To assess treatment
persistence, we calculated the proportion of patients with ongoing
prescriptions at 6 and 12months after initiation. As a sensitivity analysis,
we performed landmark analyses at these timepoints, including only
patientswhowere event-free and remainedon treatment to examine the
associations with subsequent outcomes. Additional analyses included
conducting analyses before propensity scorematching (PSM), excluding
events within 30 days of treatment initiation to reduce misclassification
bias, and limiting dose-specific analyses to participants with recorded
drug doses. To minimize bias from treatment switching, patients who
transitioned to the alternative medication class were excluded. We also
restricted analyses to patients with complete laboratory data to assess
the impact of missingness. A negative control outcome analysis was
performed by examining the association between treatments and
overall cancer incidence, for which no association was expected50–53. To
avoid bias associated with the interpretation of composite endpoints,
we further conducted specificity analyses on the individual components
of the outcomes of interest.

All analyses were conducted using the TriNetX platform (TriNetX
LLC, Cambridge, MA, USA) and R software (version 4.4.1; The R
Foundation for Statistical Computing, Vienna, Austria). A two-sided p
value < 0.05 was considered statistically significant. Data were col-
lected and analyzed from March 14, 2025, to April 30, 2025.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The aggregate-level data used in this study were obtained from the
TriNetXplatform.Due toTriNetXdata sharing policies, individual-level
data are not accessible to the authors. Requests for access to the
datasets must include a description of the intended use and will be
reviewed within 2 weeks. Upon approval, data access will be provided
within 4 weeks, subject to institutional and data protection regula-
tions. For data access inquiries, please contact the corresponding
author, Vin-Cent Wu (q91421028@ntu.edu.tw). Source data are pro-
vided with this paper. High-resolution figures for this study, including
cohort construction, outcome curves, and subgroup analyses, are
publicly available at Figshare (https://doi.org/10.6084/m9.figshare.
29487947.v1). Source data are provided with this paper.

Article https://doi.org/10.1038/s41467-025-64640-3

Nature Communications |         (2025) 16:9641 8

https://doi.org/10.6084/m9.figshare.29487947.v1
https://doi.org/10.6084/m9.figshare.29487947.v1
www.nature.com/naturecommunications


Code availability
This study was conducted using the TriNetX Analytics Platform, a
commercial, cloud-based real-world data research environment. All
analyses were performed using the platform’s built-in tools and
interface. As TriNetX is a proprietary, closed-source system, the
underlying codebase cannot be publicly shared. However, researchers
with institutional access to TriNetX can replicate the analyses by fol-
lowing the detailed methodology described in the manuscript and
supplementary materials.

References
1. Jankowski, J., Floege, J., Fliser, D., Böhm, M. & Marx, N. Cardiovas-

cular disease in chronic kidney disease: pathophysiological insights
and therapeutic options. Circulation 143, 1157–1172 (2021).

2. Xie, X. et al. Renin-angiotensin system inhibitors and kidney and
cardiovascular outcomes in patients with CKD: a Bayesian network
meta-analysis of randomized clinical trials. Am. J. Kidney Dis. 67,
728–741 (2016).

3. Mavrakanas, T. A., Tsoukas, M. A., Brophy, J. M., Sharma, A. & Gar-
iani, K. SGLT-2 inhibitors improve cardiovascular and renal out-
comes in patients with CKD: a systematic review andmeta-analysis.
Sci. Rep. 13, 15922 (2023).

4. Bakris, G. L. et al. Effect of finerenone on chronic kidney disease
outcomes in type 2 diabetes.N. Engl. J. Med. 383, 2219–2229 (2020).

5. Pitt, B. et al. Cardiovascular events with finerenone in kidney dis-
ease and type 2 diabetes. N. Engl. J. Med. 385, 2252–2263 (2021).

6. Oiwa, A. et al. Efficacy and safety of low-dose spironolactone for
chronic kidney disease in type 2 diabetes. J. Clin. Endocrinol.
Metab. 108, 2203–2210 (2023).

7. Abolghasmi, R. & Taziki, O. Efficacy of low dose spironolactone in
chronic kidney disease with resistant hypertension. Saudi J. Kidney
Dis. Transplant. 22, 75–78 (2011).

8. Bianchi, S., Bigazzi, R. & Campese, V. M. Long-term effects of spir-
onolactone on proteinuria and kidney function in patients with
chronic kidney disease. Kidney Int. 70, 2116–2123 (2006).

9. Edwards, N. C. et al. The safety and tolerability of spironolactone in
patients with mild to moderate chronic kidney disease. Br. J. Clin.
Pharm. 73, 447–454 (2012).

10. Hobbs, F. D. R. et al. Low-dose spironolactone and cardiovascular
outcomes in moderate stage chronic kidney disease: a randomized
controlled trial. Nat. Med. 30, 3634–3645 (2024).

11. Marx, N. et al. 2023 ESC Guidelines for the management of cardi-
ovascular disease in patients with diabetes. Eur. Heart J. 44,
4043–4140 (2023).

12. Mottl, A. K. & Nicholas, S. B. KDOQI Commentary on the KDIGO
2022 Update to the Clinical Practice Guideline for Diabetes Man-
agement in CKD. Am. J. Kidney Dis. 83, 277–287 (2024).

13. KDIGO 2024. Clinical practice guideline for the evaluation and
management of chronic kidney disease. Kidney Int. 105, S117-
s314 (2024).

14. Agarwal, R. et al. Cardiovascular and kidney outcomes with finer-
enone in patients with type 2 diabetes and chronic kidney disease:
the FIDELITY pooled analysis. Eur. Heart J. 43, 474–484 (2022).

15. Agarwal, R. et al. A comparative post hoc analysis offinerenone and
spironolactone in resistant hypertension in moderate-to-advanced
chronic kidney disease. Clin. Kidney J. 16, 293–302 (2022).

16. Barrera-Chimal, J., Girerd, S. & Jaisser, F.Mineralocorticoid receptor
antagonists and kidney diseases: pathophysiological basis. Kidney
Int. 96, 302–319 (2019).

17. Alexandrou, M. E. et al. Effects of mineralocorticoid receptor
antagonists in proteinuric kidney disease: a systematic review and
meta-analysis of randomized controlled trials. J. Hypertens. 37,
2307–2324 (2019).

18. Agarwal, R. et al. Steroidal and non-steroidal mineralocorticoid
receptor antagonists in cardiorenal medicine. Eur. Heart J. 42,
152–161 (2021).

19. Edwards, N. C., Steeds, R. P., Stewart, P. M., Ferro, C. J. &
Townend, J. N. Effect of spironolactone on left ventricular mass
and aortic stiffness in early-stage chronic kidney disease: a
randomized controlled trial. J. Am. Coll. Cardiol. 54,
505–512 (2009).

20. Edwards, N. C. et al. Effect of spironolactone on left ventricular
systolic and diastolic function in patients with early stage chronic
kidney disease. Am. J. Cardiol. 106, 1505–1511 (2010).

21. Huang, B., McDowell, G., Rao, A. & Lip, G. Y. H. Mineralocorticoid
receptor antagonist for chronic kidney disease, risk or benefit?. J.
Hypertens. 42, 396–398 (2024).

22. Rossignol, P. et al. Unravelling the interplay between hyperkalae-
mia, renin-angiotensin-aldosterone inhibitor use and clinical out-
comes. Data from 9222 chronic heart failure patients of the ESC-
HFA-EORP Heart Failure Long-Term Registry. Eur. J. Heart Fail 22,
1378–1389 (2020).

23. Grune, J. et al. Selective mineralocorticoid receptor cofactor
modulation as molecular basis for finerenone’s antifibrotic activity.
Hypertension 71, 599–608 (2018).

24. Parfianowicz, D. et al. Finerenone: a new era for mineralocorticoid
receptor antagonism and cardiorenal protection. Curr. Probl. Car-
diol. 47, 101386 (2022).

25. Amazit, L. et al. Finerenone impedes aldosterone-dependent
nuclear import of the mineralocorticoid receptor and prevents
genomic recruitment of steroid receptor coactivator-1. J. Biol.
Chem. 290, 21876–21889 (2015).

26. Zuo, C. & Xu, G. Efficacy and safety of mineralocorticoid receptor
antagonists with ACEI/ARB treatment for diabetic nephropathy: a
meta-analysis. Int. J. Clin. Pract. 29, e13413 (2019).

27. Norton, J. M. et al. Development and validation of a pragmatic
electronic phenotype for CKD. Clin. J. Am. Soc. Nephrol. 14,
1306–1314 (2019).

28. Cherney, D. et al. Cost-effectiveness of finerenone therapy for
patients with chronic kidney disease and type 2 diabetes in England
& Wales: results of the FINE-CKD model. J. Med. Econ. 28,
196–206 (2025).

29. Quist, S.W. et al. Cost-effectiveness of finerenone in chronic kidney
disease associated with type 2 diabetes in The Netherlands. Cardi-
ovasc. Diabetol. 22, 328 (2023).

30. Ming, J. et al. Cost-effectiveness of finerenone in addition to stan-
dard of care for patients with chronic kidney disease and type 2
diabetes in China. Adv. Ther. 41, 3138–3158 (2024).

31. Zheng, C. et al. Cost-effectiveness of finerenone added to standard
of care for patients with type 2 diabetes-related chronic kidney
disease in the United States. Diabetes Obes. Metab. 27,
165–173 (2025).

32. Igarashi, A. et al. Cost-effectiveness analysis of finerenone for
treatment of chronic kidney disease in patients with type 2 dia-
betes from Japanese payer perspective. Adv. Ther. 42, 995–1008
(2025).

33. Association, W.M. World Medical Association Declaration of Hel-
sinki: ethical principles for medical research involving human
subjects. JAMA 310, 2191–2194 (2013).

34. Pan, H.-C. et al. Sodium-glucose cotransport protein 2 inhibitors in
patients with type 2 diabetes and acute kidney disease. JAMANetw.
Open 7, e2350050–e2350050 (2024).

35. Wu, V.C., Chen, J. Y., Lin, Y. H.,Wang,C. Y. & Lai, C. C. Assessing the
cardiovascular events and clinical outcomes of COVID-19 on
patients with primary aldosteronism. J. Microbiol. Immunol. Infect.
56, 1158–1168 (2023).

Article https://doi.org/10.1038/s41467-025-64640-3

Nature Communications |         (2025) 16:9641 9

www.nature.com/naturecommunications


36. Pan, H. C. et al. GLP-1 receptor agonists’ impact on cardio-renal
outcomes and mortality in T2D with acute kidney disease. Nat.
Commun. 15, 5912 (2024).

37. Lai, H. W., See, C. Y., Chen, J. Y. & Wu, V. C. Mortality and cardio-
vascular events in diabetes mellitus patients at dialysis initiation
treated with glucagon-like peptide-1 receptor agonists.Cardiovasc.
Diabetol. 23, 277 (2024).

38. Chuang, M. H., Chen, J. Y., Wang, H. Y., Jiang, Z. H. & Wu, V. C.
Clinical outcomes of tirzepatide or glp-1 receptor agonists in indi-
viduals with type 2 diabetes. JAMA Netw. Open 7, e2427258 (2024).

39. Wang, C. A., Lin, L. C., Chen, J. Y., Wang,W. J. &Wu, V. C. Exploring
themortality and cardiovascular outcomeswithSGLT-2 inhibitors in
patients with T2DM at dialysis commencement: a health global
federated network analysis. Cardiovasc. Diabetol. 23, 327 (2024).

40. Sheu, J. Y. et al. The outcomes of SGLT-2 inhibitor utilization in dia-
betic kidney transplant recipients. Nat. Commun. 15, 10043 (2024).

41. Chang, L. Y., Liao, H.W., Chen, J. Y. &Wu, V. C. Enhanced outcomes
in type 2 diabetes patients with acute kidney disease through
thiazolidinedione. J. Clin. Endocrinol. Metab. 110, 2205-2214 (2024).

42. Lin, L. C., Chen, J. Y., Huang, T. T. & Wu, V. C. Association of
glucagon-like peptide-1 receptor agonists with cardiovascular and
kidney outcomes in type 2 diabetic kidney transplant recipients.
Cardiovasc. Diabetol. 24, 87 (2025).

43. Hernán, M. A., Wang, W. & Leaf, D. E. Target trial emulation: a fra-
mework for causal inference from observational data. JAMA 328,
2446–2447 (2022).

44. Hoffman, K. L. et al. Comparison of a target trial emulation frame-
work vs Cox regression to estimate the association of corticoster-
oids with COVID-19 mortality. JAMA Netw. Open 5, e2234425–
e2234425 (2022).

45. Yang, A. et al. Clinical outcomes following discontinuation of met-
formin in patients with type 2 diabetes and advanced chronic kidney
disease in Hong Kong: a territory-wide, retrospective cohort and
target trial emulation study. EClinicalMedicine 71, 102568 (2024).

46. Wang, Y. et al. Target serum urate achievement and chronic kidney
disease progression in patients with gout and kidney disease. JAMA
Intern. Med. 185, 74–82 (2025).

47. Shin, J. I. & Grams, M. E. Trial emulationmethods. Am. J. Kidney Dis.
83, 264–267 (2024).

48. Andrade, C. Mean difference, standardizedmean difference (SMD),
and their use inmeta-analysis: as simple as it gets. J. Clin. Psychiatry
81, 20f13681 (2020).

49. VanderWeele, T. J. & Ding, P. Sensitivity analysis in observational
research: introducing the E-value. Ann. Intern Med. 167, 268–274
(2017).

50. Mackenzie, I. S., Morant, S. V.,Wei, L., Thompson, A.M. &MacDonald,
T.M. Spironolactone use and risk of incident cancers: a retrospective,
matched cohort study. Br. J. Clin. Pharm. 83, 653–663 (2017).

51. Du, Y., Cao, G., Gu, L., Chen, Y. & Liu, J. Tumor risks of finerenone in
patients with type 2 diabetes mellitus complicated with chronic
kidney disease: a meta-analysis and systematic review of rando-
mized controlled trials. Front. Pharm. 14, 1237583 (2023).

52. Bommareddy, K. et al. Association of spironolactone usewith risk of
cancer: a systematic review and meta-analysis. JAMA Dermatol.
158, 275–282 (2022).

53. Lipsitch,M., Tchetgen Tchetgen, E. &Cohen, T. Negative controls: a
tool for detecting confounding and bias in observational studies.
Epidemiology 21, 383–388 (2010).

Acknowledgements
The authors greatly appreciate the Second Core Lab in National Taiwan
University Hospital for technical assistance. This studywas supported by
Ministry of Science and Technology (MOST) of the Republic of China
(Taiwan) [grant number, MOST 110-2314-B-002-124-MY3, 110-2314-B-

002-241, 110-2314-B-002-239], National Science and Technology
Council (NSTC) [grant number, NSTC 111-2314-B-002-046, 111-2314-B-
002-058, 111-2314-B-002 −232 -MY3, 112-2314-B-002-029, 112-2314-B-
002-040, 113-2314-B-002-294-MY3, 112-2628-B-002-026-MY3], National
Taiwan University Hospital [PC-1341, PC-1381, PC-1422, PC-1446, PC-
1474, PC-1530, 113FTN0005, 112-S0088, 113-S0173, 113-S0209, 114-
S0245, 113-L1004, 113-L2004, CTC113(MQ999), CTC114(MQ999)] Grant
MOHW 110-TDU-B-212-124005 and Mrs. Hsiu-Chin Lee Kidney Research
Fund. https://doi.org/10.6084/m9.figshare.21670460. We also express
our sincere gratitude to all staff of the Taiwan Clinical Trial Consortium
(TCTC). The funding and support were awarded to author V.-C. Wu.

Author contributions
C.-A. Wang and V.-C. Wu had full access to all data in the study and take
responsibility for the integrity of the data and the accuracy of the data
analysis. C.-A.Wang, H.-W. Lai, and V.-C. Wu contributed to the concept
and design of the study. C.-A. Wang and V.-C. Wu were involved in the
acquisition, analysis, and interpretation of the data. C.-A. Wang drafted
the manuscript, while C.-A. Wang, J.-Y. Chen, W.-J. Wang, and V.-C. Wu
critically reviewed themanuscript for important intellectual content. C.-
A.Wang andH.-W. Lai conducted the statistical analysis. L.-C. Lin and Y.-
L. Chiu provided statistical consultation and contributed to the revision
and interpretation of the results. J.-Y. Chen and C.-Y. Cheng provided
administrative, technical, ormaterial support. J.-Y. Chen,W.-J.Wang,C.-
Y. Cheng, and V.-C. Wu supervised the study.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41467-025-64640-3.

Correspondence and requests for materials should be addressed to
Vin-Cent Wu.

Peer review information Nature Communications thanks Nicholas
Jones, and Shumin Yang for their contribution to the peer review of this
work. A peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jur-
isdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. Youdonot havepermissionunder this licence toshare adapted
material derived from this article or parts of it. The images or other third
party material in this article are included in the article’s Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons
licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Article https://doi.org/10.1038/s41467-025-64640-3

Nature Communications |         (2025) 16:9641 10

https://doi.org/10.6084/m9.figshare.21670460
https://doi.org/10.1038/s41467-025-64640-3
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nature.com/naturecommunications

	Finerenone versus spironolactone in patients with chronic kidney disease and type 2 diabetes: a target trial emulation
	Results
	Patient characteristics
	Comparison of finerenone and spironolactone on outcome of interests
	Secondary outcome
	Subgroup and sensitivity analyses
	Negative outcome analysis

	Discussion
	Methods
	Data source
	Target trial specification and emulation
	Eligibility criteria
	Treatment strategies
	Prespecified outcomes
	Covariates
	Statistical analysis
	Reporting summary

	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




