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Outcomes With Finerenone in Patients With Chronic kidney Disease  
and Type 2 Diabetes by Baseline Insulin Resistance 

A post hoc analysis to explore whether insulin resistance, assessed by eGDR, is associated with
heart and kidney risk, and whether it modifies finerenone efficacy in the FIDELITY pooled data set

• Insulin resistance was not a predictor of CKD progression in advanced CKD
• Insulin resistance was associated with increased cardiovascular (but not kidney) risk,

with the benefit of finerenone maintained irrespective of baseline insulin resistance
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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
Insulin resistance contributes to kidney and cardiovascular (CV) morbidity and mortality, and investigating the cardiorenal impact of existing
therapies is important.

� What is the specific question(s) we wanted to answer?
This analysis explored whether insulin resistance was associated with CV events and chronic kidney disease (CKD) progression, and whether it
modified finerenone efficacy.

� What did we find?
Insulin resistance was associated with an increased CV (but not kidney) risk. Insulin resistance was not a predictor of CKD progression in advanced
CKD; however, finerenone efficacy was maintained irrespective of baseline insulin resistance.

� What are the implications of our finding?
These findings suggest that finerenone slows the progression of CKD and CV disease regardless of insulin resistance; further studies are needed to
further explore this association.
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OBJECTIVE

To explore whether insulin resistance, assessed by estimated glucose disposal rate
(eGDR), is associatedwith cardiorenal risk andwhether itmodifies finerenone efficacy.

RESEARCH DESIGN AND METHODS

In FIDELITY (N = 13,026), patients with type 2 diabetes, either 1) urine albumin-to-
creatinine ratio (UACR) of$$30 to <300 mg/g and estimated glomerular filtration rate
(eGFR) of $$25 to £90 mL/min/1.73 m2 or 2) UACR of $$300 to £5,000 mg/g and
eGFR of$$25mL/min/1.73 m2, who also received optimized renin-angiotensin system
blockade, were randomized to finerenone or placebo. Outcomes included cardiovas-
cular (cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, or hospi-
talization for heart failure) and kidney (kidney failure, sustained decrease of$$57% in
eGFR from baseline, or renal death) composites. eGDR was calculated using waist cir-
cumference, hypertension status, and glycated hemoglobin for 12,964 patients.

RESULTS

Median eGDR was 4.1 mg/kg/min. eGDR <median (insulin resistant) was associ-
ated with higher cardiovascular event incidence regardless of treatment versus
$$median (insulin sensitive) (incidence rate/100 patient-years of 5.18 and 6.34
[for finerenone and placebo] vs. 3.47 and 3.76 [for finerenone and placebo], re-
spectively). However, eGDR was not associated with kidney outcomes. There was
no significant heterogeneity for effects of finerenone by eGDR on cardiovascular
(<median: hazard ratio [HR] 0.81, 95% CI 0.72–0.92; $$median: HR = 0.92, 95% CI
0.79–1.06; P interaction = 0.23) or kidney outcomes (<median: HR = 0.84, 95% CI
0.68–1.02; $$median: HR = 0.70, 95% CI 0.58–0.85; P interaction = 0.28). Overall,
finerenone demonstrated similar safety between subgroups. Sensitivity analyses
were consistent.

CONCLUSIONS

Insulin resistance was associated with increased cardiovascular (but not kidney)
risk and did not modify finerenone efficacy.

Metabolic and inflammatory abnormalities associated with diabetes and chronic
kidney disease (CKD), such as insulin resistance, contribute to an increased risk of
cardiovascular (CV) disease and progression to end-stage kidney disease (1,2).

Insulin resistance can exist in early-stage CKD, and prevalence increases as CKD
progresses (1). Although the exact mechanisms of insulin resistance are not fully
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understood, resistance to the metabolic
actions of insulin has been associated
with heart, vasculature, and kidney dys-
function (2,3). In the kidneys, insulin acts
on multiple sites along the nephron, in-
cluding the glomerulus, and podocyte in-
sulin signaling is known to play a critical
role in the maintenance of glomerular
function. For example, podocyte-specific
insulin receptor–knockout mice develop
a glomerular phenotype consistent with
CKD in type 2 diabetes, including albu-
minuria (4).
The hyperinsulinemic-euglycemic clamp

method is considered the gold standard
technique to measure insulin action in vivo
to precisely determine the rate of whole-
body glucose disposal. However, this
method is invasive and costly, meaning use
is limited. Alternative, simple indices (e.g.,
homeostasis model assessment [HOMA],
quantitative insulin sensitivity check index)
have been developed and validated for
clinical use (5). The estimated glucose dis-
posal rate (eGDR) is another indicator origi-
nally developed as a validated score to
measure insulin resistance in patients with
type 1 diabetes based on waist circumfer-
ence (WC), hypertension, and glycated he-
moglobin (HbA1c) (6–8). Recently, Penno
et al. (9) validated eGDR as an insulin resis-
tance index in patientswith type 2 diabetes
in a comparison with the hyperinsulinemic-
euglycemic clamp technique. The study
found that eGDRwas independently associ-
atedwithmortality in patients without CKD
or with nonalbuminuric CKD but not in
those with albuminuric CKD. Even though
albuminuria is predictive of CV and kidney
events, and eGDRwas shown to be strongly
associated with the development and pro-
gression of albuminuria in patients with
type 2 diabetes, there is limited evidence
on the predictive value of eGDR for kidney
outcomes (9–11). A recent retrospective
study reported that lower eGDR was a pre-
dictive biomarker for rapid eGFR decline in
patients with type 2 diabetes. In patients
with eGFR #60 mL/min/1.73 m2, the pre-
dictive value of eGDR was superior to WC
and HbA1c, and similar to hypertension
(11). In a different study, Zabala et al. (12)
showed that changes in insulin resistance
as measured by eGDR were associated
with the risk of stroke and mortality in pa-
tients with type 2 diabetes.
Historically, patients with CKD have

been excluded from many studies of in-
sulin resistance (1). Given that insulin
resistance contributes to CV and kidney

morbidity and mortality, it is crucial to
investigate the cardiorenal impact of ex-
isting therapies. Previous research has
linked insulin resistance and enhanced
mineralocorticoid receptor (MR) activation
(13). In preclinical studies, aldosterone had
deleterious effects on the CV system by
promoting adipose tissue expansion via
MR activation (14). In addition, a positive
correlation between aldosterone and insu-
lin resistance was reported in hypertensive
patients (15). Steroidal MR antagonists
have been shown to provide survival bene-
fits in patients with heart failure (16,17).
However, MR antagonist use in patients
with CKD has been limited because of
safety concerns (18).

Finerenone is a distinct, selective, non-
steroidal MR antagonist. Compared with
steroidal MR antagonists, finerenone is
thought to provide heart and kidney ben-
efits with fewer side effects, particularly
hyperkalemia (19,20). In preclinical mod-
els of obesity, data suggest finerenone
may enhance insulin sensitivity by in-
creasing interscapular brown adipose tis-
sue recruitment (14). In clinical trials,
finerenone reduced the risk of cardiore-
nal outcomes, compared with placebo,
across a broad population of patients
with CKD and type 2 diabetes (21).

This post hoc analysis aims to explore
whether insulin resistance (estimated by
eGDR) is associated with risk of cardiore-
nal outcomes and whether insulin resis-
tance modifies the cardiorenal efficacy of
finerenone in the Finerenone in Chronic Kid-
neyDisease and Type 2Diabetes: Combined
FIDELIO-DKD and FIGARO-DKD Trial Pro-
grammeAnalysis (FIDELITY) pooled data set.

RESEARCH DESIGN AND METHODS

Study Design and Patients
FIDELITY, a prespecified pooled analysis,
combines individual patient-level data from
Finerenone in Reducing Kidney Failure and
Disease Progression in Diabetic Kidney
Disease (FIDELIO-DKD; NCT02540993) and
Finerenone in Reducing Cardiovascular
Mortality and Morbidity in Diabetic Kidney
Disease (FIGARO-DKD; NCT02545049), two
multicenter, phase 3, randomized, double-
blind, placebo-controlled, parallel-group,
event-driven trials (22,23). The study de-
signs and efficacy and safety outcomes of
these trials have been previously published
(22–25). The trials were conducted in
accordance with the principles of the Dec-
laration of Helsinki, and the protocols were

approved by relevant regulatory authori-
ties and ethics committees for each trial
site; written informed consent was ob-
tained from all participants.

Briefly, eligible patients were adults
(aged $18 years) with CKD (urine albu-
min-to-creatinine ratio [UACR] of $30 to
<300 mg/g and estimated glomerular filtra-
tion rate [eGFR] of $25 to #90 mL/min/
1.73 m2, or UACR of$300 to#5,000 mg/g
and eGFR of $25 mL/min/1.73 m2) and
type 2 diabetes. Patients were required
to be treated with maximum-tolerated
dose of renin-angiotensin system ther-
apy, with a serum potassium level of
#4.8 mmol/L at run-in and screening
visits, and HbA1c of#12% (108 mmol/mol)
(21). The use of insulin and other oral
glucose-lowering agents, including dipep-
tidyl peptidase-4 inhibitors, sodium-
glucose cotransporter-2 inhibitors, glucagon-
like peptide-1 receptor agonists, biguanides,
sulfonylureas, a-glucosidase inhibitors,
meglitinides, and thiazolidinediones, was
not restricted during the trials (21).

Patients were randomly assigned (1:1)
to receive once-daily oral treatment with
finerenone (at titrated doses of 10 mg or
20 mg), or matching placebo (21). In this
analysis, patients from the FIDELITY pre-
specified pooled analysis were stratified
according to baseline insulin resistance,
estimated by eGDR.

Procedures and Outcomes
Efficacy outcomes included a CV compos-
ite outcome (defined as time to CV death,
nonfatal myocardial infarction, nonfatal
stroke, or hospitalization for heart failure)
and a kidney composite outcome (defined
as time to kidney failure, a sustained de-
crease of $57% in eGFR from baseline
[equivalent to a doubling of the serum
creatinine level] maintained for at least
4weeks, or renal death). Kidney failurewas
defined as end-stage kidney disease (initi-
ation of long-term dialysis for $90 days,
kidney transplantation, or a sustained de-
crease in eGFR to <15 mL/min/1.73 m2).
Safety outcomes and vital signs were also
evaluated and included assessment of ad-
verse events and central laboratory testing.
Adverse events that occurred during the
treatment period were defined as those
that started or worsened during study
drug intake or up to 3 days after any tem-
porary or permanent interruption. All out-
comes were adjudicated by independent
clinical event committees blinded to
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treatment assignment. Data for the CV
composite and kidney composite outcomes
were prospectively collected for all patients
in the combined FIDELITY data set.

Statistical Analysis
Exploratory subgroup efficacy analyses
were performed in the full analysis set,
consisting of all randomized patients with-
out any critical Good Clinical Practice vio-
lations. Post hoc laboratory parameter
and safety analyses were performed in
the safety analysis set, which included all
randomized patients who had taken at
least one dose of the study drug and were
without any critical Good Clinical Practice
violations. Analysis included descriptive
statistics, time-to-event analyses, statistical
test for interaction (subject to sufficient
sample size within a given subgroup), and
mixed models for repeated measures. Con-
tinuous population characteristics and dem-
ographics were summarized by mean and
SDormedianand interquartile range, depend-
ingon thedistributionof the variable. Categor-
ical characteristics and demographics were
summarized by counts and percentages.

Insulin resistance was evaluated using
eGDR (Supplementary Table 1) (7). Hy-
pertension was considered present if a
patient received more than one antihy-
pertensive medication (renin-angiotensin
system inhibitors, b-blockers, a-blockers,
calcium antagonists, loop diuretics, or
thiazide diuretics), or systolic blood pres-
sure (SBP) of >140 mmHg or diastolic
blood pressure of >90 mmHg. Compos-
ite outcomes were analyzed by defined
categorical subgroups: <median eGDR
and $median eGDR. The median eGDR
value was selected for reference to use a
simple, unbiased approach to categorizing
the eGDR variable. Time-to-event treat-
ment effects were analyzed using stratified
Cox proportional hazards regressionmodels
and expressed as hazard ratios (HRs) with
corresponding CIs. HRs (95% CI)were based
on the stratified Cox proportional hazards
model estimated within each level of the
subgroup variable.The P interaction of the
treatment assignment (finerenone or pla-
cebo) and each subgroup category was
based on the Cox proportional hazards
model, including the terms treatment
group, the subgroup, and their interaction.
Time-to-event analyses were stratified by
region, UACR category at screening, eGFR
category at screening, study, and CV dis-
ease history. The correlation between

eGDR and log(UACR)/eGFR baseline values
and their effect on outcomes were ana-
lyzed by Pearson correlation analysis.

The relationship of the CV and kidney
composite outcomes with eGDR as a
continuous variable was investigated us-
ing a similar stratified Cox proportional
hazards model with cubic B-splines with
three equally spaced knots across the
range of eGDR. All Cox proportional haz-
ards models were adjusted for blood
pressure (systolic), sex, HbA1c at baseline,
and diabetes duration. Models were fit-
ted separately in each treatment group
(i.e., finerenone and placebo). Events
were reported from randomization up
to the end-of-study (EOS) visit. Patients
without an event were censored at the
date of their last contact, and complete
information on all components of their
respective outcomes was recorded. UACR
over time was analyzed with a mixed
model for repeated measures, adjusting
for treatment group, stratification factors,
baseline UACR value, and time of visit. In-
teraction terms for treatment group and
visit, and baseline value and visit, were
also included in the model.

As a sensitivity analysis, other known
estimates of insulin resistance were cal-
culated and analyzed. These included
triglyceride (TG)/high-density lipoprotein
(HDL)–cholesterol ratio, visceral adiposity
index (VAI), and lipid accumulation prod-
uct (LAP) index at baseline. Similar to
eGDR, the medians of TG/HDL ratio, VAI,
and LAP index were used to split the
population (<median and$median), and
the analyses described above were con-
ducted. The correlations between eGDR
and VAI, LAP and TG/HDL–cholesterol ra-
tio baseline values, respectively, were an-
alyzed by Pearson correlation analysis.

We conducted an additional sensitiv-
ity analysis with time-updated eGDR cal-
culated based on the average of all of
SBP measurements throughout the trial
for each individual patient.

Data and Resource Availability
The data sets generated during and/or an-
alyzed in the current study are available
from the corresponding author upon rea-
sonable request. Availability of the data
underlying this publication will be deter-
mined according to Bayer’s commitment
to the European Federation of Pharma-
ceutical Industries and Associations/Phar-
maceutical Research and Manufacturers of

America “Principles for responsible clinical
trial data sharing.” This pertains to scope,
timepoint and process of data access. As
such, Bayer commits to sharing upon re-
quest from qualified scientific and medical
researchers’ patient-level clinical trial data,
study-level clinical trial data, and protocols
from clinical trials in patients for medicines
and indications approved in the U.S. and
European Union as necessary for conduct-
ing legitimate research. This applies to
data on new medicines and indications
that have been approved by the Euro-
pean Union and U.S. regulatory agencies
on or after 1 January 2014.

Interested researchers can use www
.vivli.org to request access to anony-
mized patient-level data and supporting
documents from clinical studies to con-
duct further research that can help ad-
vance medical science or improve patient
care. Information on the Bayer criteria for
listing studies and other relevant informa-
tion is provided in the member section of
the portal. Data access will be granted to
anonymized patient-level data, protocols,
and clinical study reports after approval by
an independent scientific review panel.
Bayer is not involved in the decisionsmade
by the independent review panel. Bayer
will take all necessary measures to ensure
that patient privacy is safeguarded.

RESULTS

Patients
The FIDELITY analysis included 13,026
patients in the full analysis set, over a
median follow-up of 3.0 years (interquar-
tile range 2.3–3.8 years). Full patient
demographics and baseline characteris-
tics for the FIDELITY study population
have been previously published (21). In
this post hoc analysis, median eGDR was
4.1 mg/kg/min; 6,484 (50%) patients had
an eGDRof<median (considered as insulin
resistant) and 6,480 (50%) had an eGDR of
$median (considered as insulin sensitive)
(Supplementary Fig. 1).

Baseline Characteristics
The baseline clinical and demographic
characteristics of patients with an eGDR
of$median and<median were generally
comparable, with some key differences
(Table 1). Compared with patients with an
eGDR of$median, patients with an eGDR
of <median had a longer mean duration
of diabetes (16.1 vs. 14.7 years), and
higher median UACR (535 vs. 493 mg/g),
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Table 1—Patient baseline characteristics according to insulin resistance at baseline

eGDR at baseline

eGDR <median eGDR $median

Baseline characteristic
Finerenone
(N = 3,247)

Placebo
(N = 3,237)

Finerenone
(N = 3,238)

Placebo
(N = 3,242)

Age, years, mean ± SD 64.5 ± 9.0 64.6 ± 9.2 64.9 ± 9.8 65.0 ± 10.1

Sex, n (%)

Female 926 (28.5) 897 (27.7) 1,096 (33.8) 992 (30.6)
Male 2,321 (71.5) 2,340 (72.3) 2,142 (66.2) 2,250 (69.4)

Race and ethnicity, n (%)

White 2,611 (80.4) 2,600 (80.3) 1,810 (55.9) 1,801 (55.6)
Black/African American 149 (4.6) 175 (5.4) 102 (3.2) 93 (2.9)
Asian 298 (9.2) 309 (9.5) 1,133 (35.0) 1,147 (35.4)
American Indian or Alaska Native 67 (2.1) 51 (1.6) 82 (2.5) 94 (2.9)
Native Hawaiian or other Pacific Islander 19 (0.6) 13 (0.4) 9 (0.3) 8 (0.2)
Multiple races 92 (2.8) 78 (2.4) 95 (2.9) 93 (2.9)

SBP, mmHg, mean ± SD 138.5 ± 14.0 138.1 ± 13.9 135.1 ± 14.1 135.3 ± 14.5

DBP, mmHg, mean ± SD 77.0 ± 9.6 77.0 ± 9.6 75.7 ± 9.6 75.8 ± 9.6

HbA1c, % (mmol/mol), mean ± SD 8.2 (66) ± 1.4 8.2 (66) ± 1.4 7.2 (55) ± 1.1 7.2 (55) ± 1.1

Duration of diabetes, years, mean ± SD 16.2 ± 8.6 16.1 ± 8.5 14.7 ± 8.8 14.7 ± 8.8

Serum potassium, mmol/L, mean ± SD 4.4 ± 0.4 4.4 ± 0.4 4.4 ± 0.4 4.4 ± 0.5

eGFR, mL/min/1.73 m2, mean ± SD 57.7 ± 21.9 57.5 ± 21.9 57.4 ± 21.3 57.8 ± 21.6

eGFR, mL/min/1.73 m2, n (%)

<25 44 (1.4) 44 (1.4) 36 (1.1) 36 (1.1)
25 to <45 1,056 (32.5) 1,084 (33.5) 1,048 (32.4) 1,021 (31.5)
45 to <60 837 (25.8) 813 (25.1) 868 (26.8) 895 (27.6)
$60 1,310 (40.3) 1,296 (40.0) 1,286 (39.7) 1,290 (39.8)

UACR, mg/g, median 530 543 494 492

UACR, mg/g, n (%)

<30 69 (2.1) 48 (1.5) 51 (1.6) 62 (1.9)
30 to <300 1,005 (31.0) 981 (30.3) 1,062 (32.8) 1,034 (31.9)
$300 2,172 (66.9) 2,208 (68.2) 2,125 (65.6) 2,145 (66.2)

History of CV disease, n (%) 1,565 (48.2) 1,615 (49.9) 1,396 (43.1) 1,331 (41.1)

Current smoker, n (%) 463 (14.3) 456 (14.1) 592 (18.3) 568 (17.5)

Serum TGs, mg/dL, median 200.1 196.6 158.0 158.5

Serum HDL cholesterol baseline, mg/dL, median 41.0 41.0 46.0 46.0

BMI, kg/m2, mean ± SD 34.6 ± 5.7 34.6 ± 5.6 28.1 ± 4.4 28.0 ± 4.3

Weight, kg, mean ± SD 99.1 ± 18.7 99.3 ± 18.7 76.9 ± 14.8 77.0 ± 14.1

Waist-hip ratio, cm, mean ± SD 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1

WC, cm, mean ± SD 116.9 ± 12.4 117.2 ± 12.2 97.0 ± 10.4 97.1 ± 10.2

Heart rate, bpm, mean ± SD 73.1 ± 11.5 73.1 ± 11.5 73.2 ± 11.3 72.9 ± 11.5

Baseline medications, n (%)

ACEis 1,483 (45.7) 1,516 (46.8) 1,290 (39.8) 1,315 (40.6)
ARBs 2,015 (62.1) 2,045 (63.2) 2,173 (67.1) 2,179 (67.2)
Beta-blockers 2,226 (68.6) 2,241 (69.2) 1,584 (48.9) 1,665 (51.4)
Diuretics 2,446 (75.3) 2,495 (77.1) 1,809 (55.9) 1,873 (57.8)
Statins 2,672 (82.3) 2,681 (82.8) 2,448 (75.6) 2,498 (77.1)
Potassium supplements 337 (10.4) 376 (11.6) 230 (7.1) 289 (8.9)
Potassium-lowering agents 245 (7.5) 142 (4.4) 281 (8.7) 197 (6.1)

Glucose-lowering therapies, n (%)

Insulin and analogs 2,298 (70.8) 2,229 (68.9) 1,551 (47.9) 1,519 (46.9)
Metformin 1,949 (60.0) 1,871 (57.8) 1,840 (56.8) 1,860 (57.4)
Sulfonylureas 769 (23.7) 760 (23.5) 914 (28.2) 933 (28.8)
DPP-4 inhibitors 704 (21.7) 698 (21.6) 951 (29.4) 909 (28.0)

Continued on p. 366
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mean weight (99 vs. 77 kg), andmeanWC
(117 vs. 97 cm) at baseline. A greater pro-
portion of patients in the eGDR <median
subgroup identified as White compared
with the eGDR $median subgroup (80%
vs. 56%), while a substantially lower pro-
portion identified as Asian (9% vs. 35%).
At baseline, eGDR was significantly posi-
tively correlated with eGFR (r = 0.04 [95%
CI 0.02–0.06; P< 0.0001]) and significantly
negatively correlated with log(UACR) (r =
–0.03 [95% CI –0.04 to –0.01; P = 0.004]).
Significant negative correlations between
eGDR and baseline VAI, LAP index, and TG/
HDL ratio, respectively (P < 0.0001) were
calculated (Supplementary Table 2).

CV Composite Outcome
As previously reported in the overall
population of the FIDELITY analysis, the
CV composite outcome of CV death,
nonfatal myocardial infarction, nonfatal
stroke, or hospitalization for heart failure

was observed in 825 of 6,519 (12.7%)
patients receiving finerenone and in 939
of 6,507 (14.4%) patients receiving
placebo (HR = 0.86; 95% CI 0.78–0.95)
(21). In the overall population, irrespec-
tive of finerenone or placebo treatment,
an increase in eGDR from baseline was
significantly associated with a decreased
risk of the CV composite outcome (HR =
0.88, 95% CI 0.86–0.91; P < 0.0001).
Baseline eGDR <median was associated
with a higher incidence rate (IR) of the
CV composite outcome in both the finer-
enone and placebo groups versus eGDR
$median (eGDR <median: IR per 100
patient-years [PY] 5.18, 95% CI 4.73–5.65
[for finerenone] and IR per 100 PY 6.34,
95% CI 5.83–6.86 [for placebo]; eGDR
$median: IR per 100 PY 3.47, 95% CI
3.11–3.86 [for finerenone] and IR per
100 PY 3.76, 95% CI 3.38–4.15 [for pla-
cebo]) (Fig. 1). There was no significant
heterogeneity for the effect of finerenone

on the CV composite outcome by base-
line eGDR (eGDR <median: HR = 0.81,
95% CI 0.72–0.92; eGDR $median: HR =
0.92, 95% CI 0.79–1.06; P interaction =
0.23). Calculations using time-updated
eGDR yielded results similar to the
analyses based on eGDR at baseline
(Supplementary Fig. 2).

Similarly, there was not a statistically
significant change in the effect of finer-
enone versus placebo on the CV com-
posite outcome across the range of
eGDR values at baseline (Wald test P =
0.063) (Fig. 2A).

Sensitivity analyses also showed there
was no significant heterogeneity for the
effect of finerenone on the CV composite
outcome by baseline TG/HDL ratio (TG/
HDL ratio <median: HR = 0.83, 95% CI
0.73–0.95; TG/HDL ratio $median: HR =
0.88, 95% CI 0.77–1.01; P interaction =
0.52), VAI (VAI <median: HR = 0.85,
95% CI 0.74–0.97; VAI $median: HR =

Table 1—Continued

eGDR at baseline

eGDR <median eGDR $median

Baseline characteristic
Finerenone
(N = 3,247)

Placebo
(N = 3,237)

Finerenone
(N = 3,238)

Placebo
(N = 3,242)

GLP-1RAs 356 (11.0) 300 (9.3) 137 (4.2) 144 (4.4)
SGLT-2 inhibitors 275 (8.5) 268 (8.3) 162 (5.0) 170 (5.2)
a-Glucosidase inhibitors 95 (2.9) 88 (2.7) 228 (7.0) 245 (7.6)
Meglitinides 104 (3.2) 91 (2.8) 168 (5.2) 166 (5.1)
Thiazolidinediones 118 (3.6) 118 (3.6) 149 (4.6) 130 (4.0)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; DBP, diastolic blood pressure; DPP-4, dipeptidyl peptidase-4;
GLP-1RA, glucagon-like peptide-1 receptor agonist; SGLT-2, sodium-glucose cotransporter-2.

Figure 1—CV and kidney composite outcomes by eGDR subgroups (<median and$median). Events were adjudicated by an independent adjudica-
tion committee. A stratified Cox proportional hazards model including treatment was calculated by subgroup. The interaction P value was based
on a stratified Cox proportional hazards model including treatment, subgroup, and treatment by subgroup interaction. All Cox proportional hazards
models were adjusted for blood pressure (systolic), sex, HbA1c at baseline, and diabetes duration. CV composite outcome denotes the of time to
first onset of CV death, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for heart failure; kidney composite outcome denotes the
of time to first onset of kidney failure, sustained$57% decrease in eGFR from baseline over$4 weeks, or renal death.
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0.85, 95% CI 0.75–0.98; P interaction =
0.91), or LAP index (LAP index <median:
HR = 0.86, 95% CI 0.75–0.99; LAP index
$median: HR = 0.85, 95% CI 0.74–0.97;
P interaction = 0.84).

Kidney Outcomes

Kidney Composite Outcome

As previously reported, the kidney com-
posite outcome of kidney failure, a sus-
tained $57% decrease in eGFR from
baseline, or renal death was lower with
finerenone versus placebo in the overall
population of the FIDELITY analysis (HR =
0.77; 95% CI 0.67–0.88; P = 0.0002) (21).
In the overall population, irrespective of
finerenone or placebo, baseline eGDR
was not associated with risk of the kidney
composite outcome (HR = 1.00, 95% CI
0.96–1.04; P = 0.93). The IR of the kidney
composite outcome was similar across
eGDR subgroups in the finerenone and
placebo groups (eGDR <median: IR per
100 PY 1.96, 95% CI 1.68–2.26 and IR per
100 PY 2.31, 95% CI 2.00–2.63, respec-
tively; eGDR $median: IR per 100 PY
1.97, 95% CI 1.70–2.27 and IR per 100 PY
2.82, 95% CI 2.49–3.18, respectively) (Fig. 1).
There was no significant heterogeneity for
the effect of finerenone on the kidney
composite outcome by baseline eGDR sub-
groups (eGDR<median: HR = 0.84, 95% CI
0.68–1.02; eGDR $median: HR = 0.70,
95% CI 0.58–0.85; P interaction = 0.28).
Similarly, there was no statistically signifi-
cant change in the effect of finerenone
versus placebo on the kidney composite
outcome across the range of eGDR values
(Wald test P value = 0.51) (Fig. 2B).
Sensitivity analyses also showed that

there was no significant heterogeneity for
the effect of finerenone on the $57%

kidney composite outcome by baseline
TG/HDL (TG/HDL ratio <median: HR =
0.82, 95% CI 0.67–0.99; TG/HDL ratio
$median: HR = 0.71, 95% CI 0.59–0.87;
P interaction = 0.33), VAI (VAI <median:
HR = 0.77, 95% CI 0.63–0.94; VAI
$median: HR = 0.75, 95% CI 0.61–0.91;
P interaction = 0.75), or LAP index (LAP
index <median: HR = 0.74, 95% CI
0.61–0.90; LAP index $median: HR =
0.81, 95% CI 0.66–0.98; P interaction =
0.64).

Other Kidney Outcomes

Finerenone reduced UACR regardless of
eGDR category (eGDR <median: ratio of
least-squares [LS] mean 0.69 (95% CI
0.66–0.72; P < 0.0001; eGDR $median:
ratio of LS mean 0.67 (95% CI 0.65–0.70;
P< 0.0001) (Supplementary Fig. 3). Finere-
none also slowed eGFR decline regardless
of eGDR category (Supplementary Fig. 4).
In patients with eGDR <median, LS mean
change in chronic eGFR slope frommonth
4 to EOS visit was –2.7mL/min/1.73m2 per
year with finerenone and –3.7 mL/min/
1.73 m2 with placebo (between-group
difference: 1.0 mL/min/1.73 m2, 95% CI
0.76–1.25; P < 0.0001). In patients with
an eGDR $median, LS mean change in
chronic eGFR slope from month 4 to EOS
visit was –2.8 mL/min/1.73 m2 per year
with finerenone and –3.9 mL/min/1.73 m2

with placebo (between-group difference:
1.1 mL/min/1.73 m2, 95% CI 0.83–1.29;
P< 0.0001).

Safety

Overall, the incidences of treatment-
emergent adverse events and severe ad-
verse events were balanced between
the finerenone and placebo groups and

between eGDR subgroups (Table 2). The
incidence of investigator-reported, treat-
ment-emergent hyperkalemia was higher
in patients treated with finerenone ver-
sus placebo in both eGDR subgroups
(eGDR <median: 14.2% vs. 6.0%, respec-
tively; eGDR$median: 13.9% vs. 7.8%, re-
spectively). However, hyperkalemia leading
to discontinuation was low in the finere-
none treatment group, with no notable dif-
ferences between eGDR subgroups (eGDR
<median: 1.9%; eGDR$median: 1.5%).

CONCLUSIONS

To date, insulin resistance has been
poorly defined in patients with CKD and
type 2 diabetes, and its independent
role in CKD progression risk is unclear.
Although initially developed for patients
with type 1 diabetes, studies have shown
that eGDR is well correlated with the
gold standard hyperinsulinemic-euglycemic
clamp method in patients with type 2 dia-
betes (12). Our analysis included patients
with CKD, both those with insulin resis-
tance and those with insulin sensitivity,
as measured by eGDR at baseline. eGFR
at baseline was similar between patients
who were insulin resistant and patients
who were insulin sensitive. This finding
provides indirect support to the growing
body of evidence that insulin resistance
is not significantly associated with the
development of CKD-related outcomes
(1). When compared with the gold stan-
dard hyperinsulinemic-euglycemic clamp
method, several other surrogate parame-
ters of insulin resistance, such as HOMA,
fasting insulin resistance index, Matsuda
index, and Stumvoll index, did not ap-
pear to be dysregulated in patients with

A B

Figure 2—CV (A) and$57% kidney composite (B) outcomes by continuous variable eGDR.
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versus without CKD (26). In this analysis
of the FIDELITY population, the median
eGDR (4.1 mg/kg/min) was substantially
lower than previous studies of the general
population and of patients with type 1
diabetes. For context, the 2022 China
Health and Retirement Longitudinal Study,
(N = 8,267; general population), reported
a median eGDR of 10.4 mg/kg/min (27),
and two studies of patients with type 1
diabetes (N � 200 per study) reported
mean eGDR of 6.5–10.1 mg/kg/min (28,29).
In these studies, low eGDR (high insulin re-
sistance) was defined as those with eGDR
<5.39 mg/kg/min in patients with type 1
diabetes (28) and <8.92 mg/kg/min in
the general population (27). In patients
with type 1 diabetes, mean eGDR in pa-
tients with CKD was significantly lower than
in patients without (6.4 vs. 15.9 mg/kg/min;
P < 0.001) (29), which aligns with our re-
sults, suggesting a widespread burden of in-
sulin resistance in patients with CKD.

Marked differences in duration of dia-
betes, mean weight, WC, and ethnicity
between patients with insulin resistance
(eGDR <median) and patients who were
insulin sensitive (eGDR $median) were
observed. Simpler clinical indicators such
as WC could be of substantial utility in
clinical practice to offer guidance on the
risk of CKD progression. An association
between WC (or BMI) and CV and kidney
outcomes in FIDELITY patients has been
reported (30). Patients with low-risk WC

(or BMI) experienced a higher kidney out-
come event rate (and the opposite for CV
outcome) compared with those with high
and very high risk (30). Even though BMI
is the most commonly used measure of
obesity, growing evidence suggests WC is
moderately superior to BMI for predicting
cardiometabolic risk (30,31).

We note that our results suggest greater
insulin resistance, as assessed by eGDR, in
patients of White ethnicity. This appears to
contradict the fact that diabetes dispropor-
tionately burdens certain racial and ethnic
groups, such as Black and South East Asian
(32,33). Previously, epidemiological studies
have reported insulin resistance in these
populations; however, more recent and di-
rect methods of measurement have pro-
vided evidence that insulin sensitivity is
not significantly different between ethnic
groups.

In this post hoc analysis, finerenone pro-
vided consistent CV and kidney protection
in patients with CKD and type 2 diabetes,
irrespective of baseline insulin resistance.
However, patients with insulin resistance
(eGDR <median) were at greater risk of
CV events compared with those without
(eGDR$median).This aligns with previous
studies, supporting the hypothesis that
eGDR is an important predictor of CV dis-
ease. For example, in a cohort study of
104,697 patients with type 2 diabetes from
the Swedish National Diabetes Register
(2004–2016), low eGDR (<4 mg/kg/min),

versus higher eGDR (4 to <8 mg/kg/min),
was associated with an increased risk of
stroke and CV mortality (12). Additionally,
in the retrospective, population-based
China Health and Retirement Longitudinal
Study (N = 8,276), low eGDRwas found to
be positively correlatedwith risk of CV dis-
ease, stroke, and cardiac events (27).
More recently, Peng et al. (11) reported
that low eGDR (<6.34 mg/kg/min) at
baseline was an independent risk factor
for kidney outcomes in a retrospective co-
hort study of 956 Chinese patients.

In the present FIDELITY analysis, which
used data from the largest clinical trial
cohort of 13,026 patients with CKD and
type 2 diabetes to date, the incidence of
the kidney composite outcomewas similar
betweeneGDR subgroups (21). Even though
data reported by Peng et al. (11) support an
association between low eGDR and kidney
function decline in patients with diabetes,
our results suggest that changes in insulin
kinetics in patients with diabetes with es-
tablished CKD (assessed by UACR and
eGFR) may no longer be predictive of
CKD progression.

Furthermore, insulin signaling differs
within the kidney in a cell type–specific
manner (34). Because insulin resistance
is often associated with podocyte dys-
function (35), it is possible to speculate
that when CKD and glomerular filtration
barrier dysfunction already exist, insulin
resistance, assessed by eGDR, cannot

Table 2—Key safety outcomes by insulin resistance at baseline

eGDR at baseline

eGDR <median eGDR $median

Finerenone
(N = 3,242)

Placebo
(N = 3,228)

Finerenone
(N = 3,235)

Placebo
(N = 3,234)

Treatment-emergent AEs, n (%)
Any AE 2,823 (87.1) 2,801 (86.8) 2,751 (85.0) 2,781 (86.0)
Study drug–related AE 640 (19.7) 457 (14.2) 560 (17.3) 402 (12.4)
AE leading to discontinuation 236 (7.3) 170 (5.3) 176 (5.4) 180 (5.6)
Any SAE 1,107 (34.1) 1,181 (36.6) 937 (29.0) 999 (30.9)
Study drug–related SAE 46 (1.4) 32 (1.0) 36 (1.1) 29 (0.9)
SAE leading to discontinuation 84 (2.6) 72 (2.2) 59 (1.8) 82 (2.5)
Fatal AE 55 (1.7) 83 (2.6) 54 (1.7) 68 (2.1)

Treatment-emergent hyperkalemia events, n (%)

Any AE 460 (14.2) 195 (6.0) 449 (13.9) 252 (7.8)
Study drug–related AE 286 (8.8) 107 (3.3) 285 (8.8) 142 (4.4)
AE leading to discontinuation 63 (1.9) 19 (0.6) 47 (1.5) 19 (0.6)
Any SAE 36 (1.1) 11 (0.3) 32 (1.0) 5 (0.2)
Study drug–related SAE 22 (0.7) 6 (0.2) 20 (0.6) 2 (<0.1)
SAE leading to discontinuation 8 (0.2) 1 (<0.1) 2 (<0.1) 1 (<0.1)
Fatal AE 0 0 0 0

AE, adverse event; SAE, serious adverse event.
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further impair kidney outcomes. These
findings support our preclinical hypoth-
esis that finerenone may increase insu-
lin sensitivity; even though it was not
possible to evaluate the effect of finere-
none on insulin resistance, by eGDR
over time, because of a lack of follow-
up data for WC, no changes in other al-
gorithm components (i.e., weight and
HbA1c) from baseline to the EOS visit
were observed. Moreover, results of the
sensitivity analysis using baseline eGDR
were similar to those based on the time-
updated eGDR calculation. These findings
suggest that changes in eGDR were not
associated with temporal fluctuations in
SBP and provide further validation for
eGDR categories as a measure of changes
in insulin resistance.
Multiple studies have demonstrated

that insulin resistance is implicated in CV
disease in patients with CKD, but its role
in CKD progression is less clear (36). Few
clinical studies have explored the role of
insulin resistance in predicting the deteri-
oration of kidney function in patients
with CKD with or without type 2 diabe-
tes. In a previous study in patients with
CKD without diabetes, progression of kid-
ney disease was slower in those patients
with low insulin resistance, as measured
by HOMA (37). Insulin resistance as mea-
sured by HOMA was shown to be a sig-
nificant risk factor for CKD progression in
hypertensive patients without diabetes
(38).
Thus, further studies are required to

examine whether the hemodynamic ef-
fects of insulin resistance in the kidneys
differ between individuals with diabetes
versus patients with advanced CKD with
or without diabetes.
Furthermore, these exploratory analy-

ses suggest that insulin resistance, as
measured by eGDR, is associated with
higher CV events regardless of treat-
ment, but it is not associated with kid-
ney outcomes. Compared with placebo,
the effect of finerenone on the CV com-
posite outcomes across the range of
baseline eGDR values reached near sta-
tistical significance. Given that our anal-
yses were hypothesis generating and
not adequately powered to evaluate the
statistical significance of any associations
between eGDR with CV and kidney out-
comes, this needs to be investigated
in further studies, including randomized
clinical trials.

In this post hoc analysis of the FIDELITY
prespecified pooled analysis, the efficacy
and safety of finerenone were not modi-
fied by baseline insulin resistance. A higher
risk of CV—but not kidney—outcomes was
observed in patients with CKD and type 2
diabetes with greater insulin resistance.
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