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BACKGROUND Empagliflozin reduces the risk of major heart failure outcomes in heart failure with reduced or

preserved ejection fraction.

OBJECTIVES The goal of this study was to evaluate the effect of empagliflozin across the spectrum of chronic kidney

disease in a pooled analysis of EMPEROR-Reduced and EMPEROR-Preserved (Empagliflozin Outcome Trial in Patients

with Chronic Heart Failure with Reduced or Preserved Ejection Fraction, respectively).

METHODS A total of 9,718 patients were grouped into Kidney Disease Improving Global Outcomes (KDIGO) categories

based on estimated glomerular filtration rate (eGFR) and urine albumin-to-creatinine ratio into low-, moderate-,

high-, and very–high-risk categories, comprising 32.0%, 29.1%, 21.9%, and 17.0% of the participants, respectively.

RESULTS In the placebo arm, when compared with lower risk categories, patients at higher risk experienced a slower

rate of decline in eGFR, but a higher risk of a composite kidney event. Empagliflozin reduced the risk of cardiovascular

death or heart failure hospitalizations similarly in all KDIGO categories (HR: 0.81; 95% CI: 0.66-1.01 for low-; HR: 0.63;

95% CI: 0.52-0.76 for moderate-; HR: 0.82; 95% CI: 0.68-0.98 for high-; and HR: 0.84; 95% CI: 0.71-1.01 for very–

high-risk groups; P trend ¼ 0.30). Empagliflozin reduced the rate of decline in eGFR whether it was estimated by chronic

slope, total slope, or unconfounded slope. When compared with the unconfounded slope, the magnitude of the effect on

chronic slope was larger, and the effect on total slope was smaller. In EMPEROR-Reduced, patients at lowest risk

experienced the largest effect of empagliflozin on eGFR slope; this pattern was not observed in EMPEROR-Preserved.

CONCLUSIONS The benefit of empagliflozin on major heart failure events was not influenced by KDIGO categories.

The magnitude of the renal effects of the drug depended on the approach used to calculate eGFR slopes.

(J Am Coll Cardiol 2023;81:1902–1914) © 2023 The Authors. Published by Elsevier on behalf of the American College of

Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

CKD = chronic kidney disease

eGFR = estimated glomerular

filtration rate

HF = heart failure

KCCQ-CSS = Kansas City

Cardiomyopathy

Questionnaire-Clinical

Summary Score

KDIGO = Kidney Disease

Improving Global Outcomes

SGLT2 = sodium-glucose co-

transporter-2
H eart failure (HF) and chronic kidney disease
(CKD) represent concurrent chronic disease
conditions inwhich one syndrome increases

the risk for development and progression of the other.
Patients with both HF and CKD have a greater risk for
morbidity and mortality, as compared with patients
with only 1 disorder.1-4 The effect of HF to decrease
renal perfusion and increase renal congestion can
accelerate the progression of CKD, and conversely,
CKD can limit the efficacy of diuretics and founda-
tional drug therapy.5,6 It is not clearwhether CKD influ-
ences the efficacy of sodium-glucose co-transporter-2
(SGLT2) inhibitors in patients with HF with a reduced
or preserved ejection fraction.
SEE PAGE 1915

UACR = urine albumin-to-

creatinine ratio
CKD is defined as reduced estimated glomerular
filtration rate (eGFR) of <60 mL/min/1.73 m2 and/or
one other marker of kidney damage (eg, albuminuria
for $3 months).7 However, such dichotomous classi-
fication precludes comprehensive risk assessment
across the spectrum, and changes in eGFR and albu-
minuria may not be congruent. The Kidney Disease
Improving Global Outcomes (KDIGO) classification
separates patients into granular risk categories,
considering both the eGFR ($90, 60 to <90,
45 to <60, 30 to <45, and <30 mL/min/1.73 m2) and
the urine albumin-to-creatine ratio (UACR) (>300,
30-300, and <30 mg/g).8

The EMPEROR (Empagliflozin Outcome Trial in
Patients with Chronic Heart Failure) program stud-
ied 9,718 patients with chronic HF in 2 trials,
one that enrolled participants with a reduced ejec-
tion fraction (EMPEROR-Reduced [Empagliflozin
Outcome Trial in Patients with Chronic Heart Fail-
ure with Reduced Ejection Fraction]; NCT03057977)
and one that focused on participants with a pre-
served ejection fraction (EMPEROR-Preserved
[Empagliflozin Outcome Trial in Patients with
Chronic Heart Failure with Preserved Ejection
Fraction]; NCT03057951).9,10 Because patients were
eligible with an eGFR as low as 20 mL/min/1.73 m2

and albuminuria was not an exclusion criterion, the
pooled data from both trials provide the opportu-
nity to understand the cardiovascular and renal
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effects of empagliflozin across the risk
spectrum of kidney disease.

METHODS

The EMPEROR program consisted of 2 inter-
national, multicenter, double-blind, ran-
domized, parallel-group, placebo-controlled
trials: the EMPEROR-Reduced and the
EMPEROR-Preserved trials. Both trials were
carried out by the same executive committee;
events were adjudicated by the same
endpoint adjudication committee, and the
trials were overseen by the same indepen-
dent data monitoring committee. The pri-
mary difference between the 2 trials was

inclusion of patients with a left ventricular ejection
fraction #40% in the EMPEROR-Reduced trial and
>40% in the EMPEROR-Preserved trial.

PATIENT POPULATION. The design of both trials has
been previously published.11,12 In short, participants
were men or women $18 years of age with chronic
HF and New York Heart Association functional class
II-IV symptoms for at least 3 months. Patients were
also required to have an elevated N-terminal pro–B-
type natriuretic peptide level (ie, >300 pg/mL if the
ejection fraction was >40%; $2,500 pg/mL if the
ejection fraction was 36% to 40%; $1,000 pg/mL if
the ejection fraction was 31% to 35%; and $600 pg/
mL if the ejection fraction was #30% or if patients
had been hospitalized for HF within 12months).
These thresholds were doubled in EMPEROR-
Reduced and tripled in EMPEROR-Preserved if pa-
tients had atrial fibrillation. In both trials, patients
were randomized to receive either placebo or
empagliflozin (10 mg daily), in addition to recom-
mended therapy. Randomization was stratified by
geographic region, diabetes status, and eGFR
(<60 or $60mL/min/1.73m2) in EMPEROR-Reduced
and by the same variables and by left ventricular
ejection fraction (<50% or $50%) in EMPEROR-
Preserved. The protocol was approved by the
ethical committee of each of the 622 participating
sites in 23 countries, and all patients gave written
informed consent.
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KDIGO CLASSIFICATION OF CKD. For this analysis,
patients were categorized using baseline eGFR
and UACR values into 4 categories according to the
KDIGO classification system: low risk (eGFR $60
mL/min/1.73 m2 and UACR <30 mg/g), moderate risk
(eGFR $60 mL/ min/1.73 m2 and UACR of 30-300 mg/g
or eGFR 45 to <60 mL/min/1.73 m2 and UACR
<30 mg/g), high risk (eGFR $60 mL/min/1.73 m2 and
UACR >300 mg/g, eGFR 45 to <60 mL/min/1.73 m2 and
UACR 30-300 mg/g, or eGFR 30 to <45 mL/min/1.73 m2

and UACR <30 mg/g), and very high risk (eGFR
<60 mL/min/1.73 m2 and UACR >300 mg/g,
eGFR <45 mL/min/1.73 m2 and UACR 30-300 mg/g,
or eGFR <30 mL/min/1.73 m2 regardless of UACR).

OUTCOMES. The principal HF outcomes for this
analysis were time to cardiovascular death or HF
hospitalization, total HF hospitalizations, time to first
HF hospitalization, cardiovascular death, and health
status assessed by Kansas City Cardiomyopathy
Questionnaire (KCCQ) clinical summary score (CSS).

The principal renal effects of empagliflozin were
assessed by the rate of decline in eGFR and by a
composite of major adverse renal outcomes. Because
SGLT2 inhibitors can influence eGFR by an intrarenal
hemodynamic effect independent of their effect on
the progression of kidney disease, the rate of decline
in eGFR was assessed in 3 ways: 1) unconfounded
slope, calculated by the annualized rate of decline in
eGFR from baseline to 30 days following the with-
drawal of randomized treatment at the end of the trial
(with both measurements being performed in the
absence of placebo or empagliflozin); 2) total slope,
calculated by the rate of change from baseline to
various time points on-treatment with the study
drug; and 3) chronic slope, calculated by the rate of
change from the on-treatment value at 4 weeks across
all on-treatment values (thus excluding the initial dip
in eGFR that represents the intrarenal hemodynamic
effect of SGLT2 inhibitors). A negative value of eGFR
slope denoted a decline in rate of change of eGFR in
the treatment period The composite renal endpoint
consisted of sustained reduction of $50% eGFR or
end-stage kidney disease (chronic dialysis/renal
transplant or sustained eGFR <15 mL/min/1.73 m2 for
patients with baseline eGFR $30 mL/min/1.73 m2 or
sustained eGFR <10 mL/min/1.73 m2 for patients with
baseline eGFR <30 mL/min/1.73 m2) or renal death.
This endpoint is the conventional endpoint from the
assessment of renal outcomes and differs from that
prespecified in the EMPEROR trial program.13

Safety outcomes included any adverse events,
serious adverse events, any adverse events leading to
discontinuation of trial drug, acute renal failure,
volume depletion, urinary tract infection, bone frac-
ture, confirmed hypoglycemia, and genital infection.

STATISTICAL ANALYSES. Baseline characteristics
and differences between KDIGO risk categories were
analyzed using descriptive statistics. Categorical
variables were summarized as frequencies and per-
centages, continuous variables were summarized as
mean � SD and compared using ordinal regression
likelihood ratio test. Time to first event analyses of
HF outcomes and major renal outcomes were per-
formed using Cox proportional hazard models
adjusting for age, ejection fraction, region, sex, and
diabetes status. Total (first and recurrent) hospitali-
zations for HF were evaluated using the joint frailty
model with cardiovascular death as competing risk,
adjusting for same covariates as the Cox model.
Changes in KCCQ summary scores and eGFR were
evaluated using a mixed model for repeated mea-
surements. For the effect of treatment on eGFR
slopes, the following methods were used:

1) Unconfounded slope. Annualized changes in eGFR
from baseline to 30 days off-treatment period
following the end of double-blind therapy were
compared in the placebo and empagliflozin groups
using a weighted analysis of covariance in patients
with baseline, on-treatment, and post-treatment
eGFR values. Weighting was implemented to ac-
count for the variance due to different durations of
observation.

2) Total eGFR slope. Total eGFR slopes were esti-
mated using 2-slope linear spline mixed effects
model adjusting for same covariates as the Cox
model and including time-by-treatment, and
spline-by-treatment interaction and ensuring the
inclusion of baseline and on-treatment values of
eGFR. Because the observation period was longer
in EMPEROR-Preserved than EMPEROR-Reduced,
the total slope was estimated at week 124 for
EMPEROR-Reduced and at week 124 and week 172
for EMPEROR-Preserved. Because there was a sig-
nificant interaction for the effects of empagliflozin
on total slopes between the 2 trials, total slopes
were analyzed separately for each study and not
for pooled.

3) Chronic eGFR slope. Chronic eGFR slopes were
analyzed based on on-treatment data of change
from baseline using a random coefficient model
allowing intercept and slope to vary randomly be-
tween patients.

HRs, 95% CIs, and mean differences were calcu-
lated to estimate the treatment effect of empagli-
flozin vs placebo in each of the KDIGO risk categories,



TABLE 1 Characteristics of Participants by Baseline KDIGO Risk Categories in the EMPEROR Program

Low Risk
(n ¼ 3,105)

Moderate Risk
(n ¼ 2,822)

High Risk
(n ¼ 2,131)

Very High Risk
(n ¼ 1,656) P Trend

Age, y 68.0 (61.0-74.0) 70.1 (64.0-78.0) 74.0 (67.0-79.0) 74.0 (67.0-80.0) <0.001

Women 1,052 (33.9) 1,052 (37.3) 833 (39.1) 632 (38.2) <0.001

Race 0.490

Asian 492 (15.8) 457 (16.2) 308 (14.5) 239 (14.4)

Black or African American 171 (5.5) 150 (5.3) 96 (4.5) 97 (5.9)

White 2,261 (72.8) 2,067 (73.2) 1,621 (76.1) 1,219 (73.6)

Other including mixed race 164 (5.3) 130 (4.6) 91 (4.3) 91 (5.5)

Missing 17 (0.5) 18 (0.6) 15 (0.7) 10 (0.6)

Geographic region <0.001

Asia Pacific 361 (11.6) 383 (13.6) 256 (12.0) 179 (10.8)

Western Europe 331 (10.7) 389 (13.8) 392 (18.4) 284 (17.1)

Eastern Europe 1011 (32.6) 783 (27.7) 552 (25.9) 298 (18.0)

North America 276 (8.9) 322 (11.4) 263 (12.3) 282 (17.0)

Latin America 925 (29.8) 794 (28.1) 565 (26.5) 516 (31.2)

Other 201 (6.5) 151 (5.4) 103 (4.8) 97 (5.9)

eGFR, mL/min/1.73 m2 75.5 (67.5-86.5) 60.5 (52.5-76.0) 48.0 (40.0-57.5) 35.0 (28.5-42.0) <0.001

UACR, mg/g 8.8 (5.3-15.9) 30.1 (9.7-69.0) 39.8 (11.0-162.7) 132.6 (47.7-609.0) <0.001

HF hospitalization within 1 y 733 (23.6) 696 (24.7) 608 (28.5) 483 (29.2) <0.001

Body weight, kg 78.8 (67.0-92.2) 78.0 (66.3-92.5) 79 (67.9-92.0) 79.6 (67.1-93.7) 0.213

Ejection fraction, % 45 (30-55) 45 (30-56) 45 (30-56) 45 (30-58) 0.027

#40 1,174 (37.8) 1,060 (37.6) 853 (40.0) 642 (38.8)

41 to <50 705 (22.7) 581 (20.6) 404 (19.0) 290 (17.5)

$50 1,226 (39.5) 1,181 (41.8) 874 (41.0) 724 (43.7)

NYHA functional class II 2,616 (84.3) 2,256 (79.9) 1,620 (76.0) 1,188 (71.7) <0.001

KCCQ-CSS 77.7 (60.4-91.7) 75.2 (57.8-88.0) 70.8 (52.1-86.7) 68.8 (50.0-85.4) <0.001

Systolic blood pressure, mm Hg 127 (115-138) 128 (115-140) 128 (116-140) 130 (118-143) <0.001

Heart rate, beats/min 69 (62-78) 70 (62-79) 70 (62-79) 70 (62-78) 0.008

Hypertension 2,416 (77.8) 2,359 (83.6) 1,844 (86.5) 1,500 (90.6) <0.001

Diabetes mellitus 1,269 (40.9) 1,343 (47.6) 1,132 (53.1) 1,046 (63.2) <0.001

Atrial fibrillation 1,172 (37.7) 1,343 (47.6) 1,114 (52.3) 797 (48.1) <0.001

Ischemic etiology 1,307 (42.1) 1,111 (39.4) 888 (41.7) 738 (44.6) 0.193

ACE inhibitor, ARB,a ARNI 2,665 (85.8) 2,395 (84.9) 1,775 (83.3) 1,287 (77.7) <0.001

Diureticb 2,396 (77.2) 2,331 (82.6) 1,843 (86.5) 1,484 (89.6) <0.001

Loop or high-ceiling diuretics 2,059 (66.3) 2,058 (72.9) 1,691 (79.4) 1,393 (84.1) <0.001

Thiazides or low-ceiling diuretics 507 (16.3) 433 (15.3) 319 (15.0) 265 (16.0) 0.442

Beta-blocker 2,781 (89.6) 2,528 (89.6) 1,910 (89.6) 1,478 (89.3) 0.823

MRA 1,629 (52.5) 1,464 (51.9) 1,104 (51.8) 706 (42.6) <0.001

Uric acid, mg/dL 6.1 (5.1-7.3) 6.65 (5.3-7.8) 7.1 (5.7-8.5) 7.6 (6.1-9.1) <0.001

Hemoglobin, g/dL 13.8 (12.9-14.8) 13.6 (12.5-14.6) 13.2 (12.2-14.4) 12.8 (11.6-13.8) <0.001

NT-proBNP, pg/mL 927 (513-1,613) 1,253 (642-2,113) 1,577 (824-2,814) 1,992 (1,043-3,926) <0.001

NT-proBNP, pg/mL (patients with AF/AF history) 1429 (1,011-1,997) 1680 (1,213-2,450) 2,082 (1,374-3,168) 2,526 (1,668-4,591) <0.001

NT-proBNP, pg/mL (patients without AF/AFl history) 773 (428-1,424) 912 (498-1,866) 1,266 (615-2,529) 1,623 (805-3,591) <0.001

Values are median (IQR) or n (%). The P values for NT-proBNP and UACR were computed for log-transformed data. Race was self-reported. Those who identified with more than
one race or with no race were classified as “other.” aARBs exclude valsartan when taken with sacubitril because sacubitril/valsartan is shown as an ARNI. bExcluding miner-
alocorticoid receptor antagonists.

ACE ¼ angiotensin-converting enzyme; AF ¼ atrial fibrillation; AFl ¼ atrial flutter; ARB ¼ angiotensin receptor blocker; ARNI ¼ angiotensin receptor neprilysin inhibitor;
eGFR ¼ estimated glomerular filtration rate; EMPEROR ¼ Empagliflozin Outcome Trial in Patients with Chronic Heart Failure; HF ¼ heart failure; KCCQ-CSS ¼ Kansas City
Cardiomyopathy Questionnaire-clinical summary score; KDIGO ¼ Kidney Disease Improving Global Outcomes; MRA ¼ mineralocorticoid receptor antagonist; NYHA ¼ New York
Heart Association; NT-proBNP ¼ N-terminal pro�B-type natriuretic peptide; UACR ¼ urine albumin-to-creatinine ratio.
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including subgroup and subgroup-by-treatment
interaction terms in each of the models. As pre-
specified, no HRs were calculated when there were
fewer than 14 events in a subgroup. The effect of
empagliflozin vs placebo across KDIGO risk categories
was evaluated by P trend tests, which investigate the
linearity of a trend across the KDIGO categories by
including the subgroup as a numeric covariate. All



FIGURE 1 Effects of Empagliflozin vs Placebo by Baseline KDIGO Risk Categories
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8.58
4.46
7.68
11.14
15.98

5.02
2.98
5.31
5.69
7.60

7.80
4.68
7.31
9.17

12.98

1.36
0.42
1.16
1.41
3.63

HR (95% CI)
ARR (%)

Events/
100 py

n/N P Value
for TrendEndpoint

Placebo

Events/
100 py

n/N

Empagliflozin

1,094
195
265
309
325

795
132
197
207
259

973/4,858
190/1,577
265/1,382
253/1,060
263/836

694/4,858
125/1,577
180/1,382
186/1,060
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41/836

9.31
5.52
7.27

11.88
17.86

6.06
3.03
4.58
7.96
12.79

4.58
3.20
3.79
5.40
7.67

7.56
5.02
6.60
8.72
12.83

0.96
0.39
0.56
0.93
2.97

776/4,860
151/1,528
184/1,440
212/1,071
229/820
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116/1,440
142/1,071
164/820

406/4,860
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101/1,440
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110/820

671/4,860
143/1,528
176/1,440
168/1,071
184/820

68/4,860
9/1,528

12/1,440
14/1,071
33/820

All patients
Cardiovascular death or first heart failure hospitalization

Low risk
Moderate risk
High risk
Very high risk

All patients
Total (first and recurrent) heart failure hospitalizations

Low risk
Moderate risk
High risk
Very high risk

All patients
First heart failure hospitalization

Low risk
Moderate risk
High risk
Very high risk

All patients
Cardiovascular death

Low risk
Moderate risk
High risk
Very high risk

All patients
All-cause mortality

Low risk
Moderate risk
High risk
Very high risk

All patients
Composite renal endpoint

Low risk
Moderate risk
High risk
Very high risk

−1 0 1 2 3 4

Favors Placebo Favors Empagliflozin

1.56 (0.86 to 2.27)
1.63 (0.41 to 2.85)
1.54 (0.23 to 2.85)
1.19 (−0.33 to 2.71)
1.95 (0.19 to 3.70)

0.949

3.17 ± 0.25
3.31 ± 0.44
3.20 ± 0.48
3.88 ± 0.55
2.74 ± 0.63

4.74 ± 0.25
4.94 ± 0.45
4.74 ± 0.46
5.07 ± 0.55
4.69 ± 0.63

All patients
KCCQ-CSS change from baseline at 52 weeks

Low risk
Moderate risk
High risk
Very high risk

Difference (95% CI)
P Value

for TrendMean ± SEMean ± SE

PlaceboEmpagliflozin

Endpoint

Annualized absolute risk reduction (ARR) is expressed as events prevented per 100 person-years (py) of follow-up. Event rates are presented

as per 100 py. The primary outcome was the composite of cardiovascular death or hospitalization for heart failure (HF). Empagliflozin reduced

the risk of cardiovascular death or hospitalizations for HF similarly in all Kidney Disease Improving Global Outcomes (KDIGO) risk categories.

When treated with placebo, patients in higher risk KDIGO categories were at increased risk for adverse HF and renal outcomes and worsening

health status over time, as compared with patients in lower risk categories. KCCQ-CSS ¼ Kansas City Cardiomyopathy Questionnaire-clinical

summary score.
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analyses were conducted using SAS, version 9.4 (SAS
Institute). A P value of 0.05 was considered statisti-
cally significant.

RESULTS

BASELINE CHARACTERISTICS. The EMPEROR-Reduced
trial included 3,730 participants, of whom 3,728
(99.9%) had eGFR and 3,710 (99.5%) had UACR values
at baseline. The EMPEROR-Preserved trial included
5,988 participants, of whom 5,986 (99.9%) had eGFR
and 5,963 (99.6%) had UACR values at baseline. Pa-
tients with missing UACR value were categorized as
UACR <30. The proportion of overall participants in
the low-, moderate-, high-, and very–high-risk KDIGO
categories was 32.0%, 29.1%, 21.9%, and 17.0%,
respectively. A similar distribution was observed in
the EMPEROR-Reduced and EMPEROR-Preserved
cohorts (Supplemental Figure 1). When compared
with patients in lower risk categories, patients in
higher KDIGO risk categories were older; more likely
to be women and have a history of diabetes mellitus,
hypertension, and atrial fibrillation; and more likely
to have a lower KCCQ score, worse New York Heart
Association functional class, and higher levels of
natriuretic peptides (Table 1). The higher risk cate-
gories had greater use of diuretics but less use of in-
hibitors of the renin-angiotensin system or
mineralocorticoid receptor antagonists. These pat-
terns were observed when EMPEROR-Reduced and
EMPEROR-Preserved were analyzed separately
(Supplemental Tables 1 and 2).

OUTCOMES BY BASELINE KDIGO RISK CATEGORIES

IN THE PLACEBO ARM. Patients in higher KDIGO risk
categories had a greater risk of cardiovascular death
or hospitalization for HF (6.78 for low-, 11.30
for moderate-, 15.15 for high-, and 20.70 for very–
high-risk group per 100 patient-years at risk;
P trend < 0.001). A similar pattern was seen for total
HF hospitalization (6.69 for low-, 10.56 for moderate-,
16.60 for high-, and 22.16 for very–high-risk per 100
patient-years at risk; P trend < 0.001), first HF hos-
pitalization (4.46 for low-, 7.68 for moderate-, 11.14
for high-, and 15.98 for very–high-risk groups per 100
patient-years at risk; P trend < 0.001), and cardio-
vascular death (2.98 for low-, 5.31 for moderate-, 5.69
for high-, and 7.60 for very–high-risk groups
per 100 patient-years at risk; P trend < 0.001)
(Supplemental Figure 2).

The magnitude of improvement in KCCQ-CSS over
time was least in the patients in the highest KDIGO
risk categories (4.06 in low-, 3.22 in moderate-, 2.98
in high-, and 1.14 in very–high-risk group at week 52;
P trend ¼ 0.001) (Supplemental Figure 2). Similar
results were seen when the EMPEROR-Reduced and
EMPEROR-Preserved cohorts were analyzed sepa-
rately (Supplemental Figures 3 and 4).

When compared with the lower risk categories,
eGFR declined less rapidly in the higher KDIGO risk
categories. Based on unconfounded slope, the rate of
decline in eGFR averaged 0.5 to 1.5 mL/min/1.73 m2 in
the patients in the highest risk categories and 2.5 to
4.0 mL/min/1.73 m2 per year in the lowest risk cate-
gories (P < 0.0001 for P trend) (Supplemental
Figure 5). Similar results were seen for total slope
and chronic slope, and the results were consistent
in EMPEROR-Reduced and EMPEROR-Preserved
(Supplemental Figures 6 and 7); however, in
contrast with the pattern on eGFR slopes, patients in
higher baseline KDIGO risk categories had a higher
risk of experiencing the composite kidney endpoint
(0.42 for low-risk, 1.16 for moderate-risk, 1.41 for
high-risk, and 3.63 for very–high-risk per 100 patient-
years at risk; P trend < 0.0001) (Supplemental
Figure 2). Consistent results were seen in the
EMPEROR-Reduced and EMPEROR-Preserved cohorts
(Supplemental Figures 3 and 4).

EFFECT OF EMPAGLIFLOZIN ACCORDING TO KDIGO RISK

CATEGORIES. Cardiovascular outcomes. Empagliflozin
reduced the risk of cardiovascular death or hospital-
izations for HF similarly in all KDIGO risk categories
(HR: 0.81; 95% CI: 0.66-1.01 for low-; HR: 0.63;
95% CI: 0.52-0.76 for moderate-; HR: 0.82; 95% CI:
0.68-0.98 for high-; and HR: 0.84; 95% CI: 0.71-1.01
for very–high-risk groups; P trend ¼ 0.30) (Figure 1).
Similarly, KDIGO risk categories did not influence
the benefits of empagliflozin on total HF
hospitalizations (P trend ¼ 0.82) or time to first HF
hospitalization (P trend ¼ 0.19). Empagliflozin
did not reduce the risk of cardiovascular death
(P trend ¼ 0.683) or all-cause mortality
(P trend ¼ 0.876) regardless of the KDIGO risk
category. Empagliflozin improved KCCQ-CSS
similarly in all KDIGO risk categories at 52 weeks.
For all HF endpoints, the pattern of responses was
similar in EMPEROR-Reduced and EMPEROR-
Preserved (Supplemental Figures 8 and 9).

eGFR s lope and rena l outcomes. The effect of
empagliflozin on eGFR at various time points accord-
ing to KDIGO category for the pooled data and for the
individual trials is shown in Supplemental Figures 10
to 12. The effect of the drug on unconfounded eGFR
slope, total eGFR slope, and chronic eGFR slope
is shown separately for EMPEROR-Reduced and
EMPEROR-Preserved in Figures 2 and 3. The effect of
empagliflozin on total eGFR slope was significantly
larger in EMPEROR-Reduced than in EMPEROR-

https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390
https://doi.org/10.1016/j.jacc.2023.03.390


FIGURE 2 Effect of Empagliflozin vs Placebo on eGFR Slope (EMPEROR-Reduced)
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Unconfounded eGFR slope change
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Favors
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0.180
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−1.27 ± 0.56

−1.90 ± 0.22
−2.31 ± 0.40
−2.11 ± 0.41
−1.95 ± 0.49
−0.72 ± 0.55

All patients
eGFR total slope change at week 124

Low risk
Moderate risk
High risk
Very high risk

1.73 (1.10 to 2.37)
2.70 (1.58 to 3.82)
2.01 (0.85 to 3.18)
0.57 (−0.77 to 1.91)

0.87 (−0.68 to 2.42)

0.015

−2.28 ± 0.23
−3.20 ± 0.40
−2.58 ± 0.43
−1.39 ± 0.48
−1.21 ± 0.57

−0.55 ± 0.23
−0.50 ± 0.41
−0.57 ± 0.41
−0.81 ± 0.49
−0.34 ± 0.55

All patients
eGFR chronic slope change per year

Low risk
Moderate risk
High risk
Very high risk

Difference (95% CI)
P Value

for TrendMean ± SEMean ± SE

PlaceboEmpagliflozin

Endpoint

Unconfounded estimated glomerular filtration rate (eGFR slope), eGFR total slope at weeks 124 and 172, and eGFR chronic slope per year by

baseline. The effect of empagliflozin on total eGFR slope was significantly larger in EMPEROR-Reduced (Empagliflozin Outcome Trial in

Patients with Chronic Heart Failure with Reduced Ejection Fraction) than in EMPEROR-Preserved (Empagliflozin Outcome Trial in Patients with

Chronic Heart Failure with Preserved Ejection Fraction) overall. Empagliflozin reduced the risk for cardiovascular death or hospitalizations for

heart failure and slowed the rate of decline in eGFR in all baseline Kidney Disease Improving Global Outcomes risk categories.
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Preserved overall (0.87 vs 0.10 mL/min/1.73 m2 per
year estimated at week 124), interaction P¼ 0.023, and
therefore, the data for total eGFR slopes were not
pooled.

For the analysis of unconfounded eGFR slope,
empagliflozin had a significant effect to reduce the
rate of decline in both EMPEROR-Reduced and
EMPEROR-Preserved, with a similar effect across
KDIGO categories (P trend ¼ 0.35 for EMPEROR-
Reduced and P trend ¼ 0.57 for EMPEROR-
Preserved). In all analyses, as compared with the
effect on unconfounded eGFR slopes, the magnitude
of the effect of the drug on total eGFR slopes was
smaller; however, the magnitude of the effect of the
drug on chronic eGFR slopes was similar to or larger
than the unconfounded eGFR slope, in EMPEROR-
Reduced and EMPEROR-Preserved, respectively
(Figures 2 and 3). For chronic eGFR slopes, empagli-
flozin exerted a smaller effect in higher risk KDIGO
categories than in lower risk categories in EMPEROR-
Reduced (P trend ¼ 0.015), but not in EMPEROR-
Preserved (P trend ¼ 0.62). There was no apparent
influence of KDIGO categories on the response to
empagliflozin using other definitions of eGFR slope in
either trial (Figures 2 and 3).

For the pooled data across both trials, the effect of
empagliflozin on composite kidney endpoint was
smallest in the patients in the lowest risk category
(HR: 0.95; 95% CI: 0.39-2.34), but the number
of events in each risk category was small, and the
P trend was not significant (P ¼ 0.76). The data in
individual trials were too sparse to allow for an
assessment of the influence of KDIGO risk category on
the composite kidney endpoint (Supplemental
Figures 8 and 9).
Safety outcomes . The effect of empagliflozin on
safety outcomes across the KDIGO categories is out-
lined in Supplemental Table 3. There was no influ-
ence of KDIGO risk categories on the effect of
empagliflozin on any adverse event that was
observed.

DISCUSSION

In this analysis of the EMPEROR-Pooled, we show
several key findings (Central Illustration). First, when
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FIGURE 3 Effect of Empagliflozin vs Placebo on eGFR Slope (EMPEROR-Preserved)
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P Value

for TrendMean ± SEMean ± SE

PlaceboEmpagliflozin

Endpoint

Unconfounded eGFR slope, eGFR total slope at weeks 124 and 172, and eGFR chronic slope per year by baseline. The effect of empagliflozin on

total eGFR slope was significantly larger in EMPEROR-Reduced than in EMPEROR-Preserved overall. Empagliflozin reduced the risk for

cardiovascular death or hospitalizations for heart failure and slowed the rate of decline in eGFR in all baseline KDIGO risk categories.

Abbreviations as in Figures 1 and 2
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treated with placebo, patients in higher risk KDIGO
risk categories were at increased risk for adverse HF
and renal outcomes and worsening health status over
time, as compared with patients in lower risk cate-
gories. Second, empagliflozin reduced the risk for
cardiovascular death or hospitalizations for HF and
slowed the rate of decline in eGFR in all baseline
KDIGO risk categories; the findings were consistent in
EMPEROR-Reduced and EMPEROR-Preserved. Third,
conclusions based on the calculation of eGFR slopes
were highly dependent on the method used to
calculate slopes.

No previous clinical trial in patients with HF has
studied clinical outcomes according to KDIGO risk
categories. Patients with a baseline eGFR (<60
vs $60 mL/min/1.73 m2) showed similar responses to
sacubitril/valsartan or spironolactone in the
PARAGON-HF (Prospective Comparison of ARNI With
ARB Global Outcomes in HF With Preserved Ejection
Fraction) trial, PARADIGM-HF (Prospective compari-
son of Angiotensin Receptor-neprilysin inhibitor with
Angiotensin converting enzyme inhibitor to Deter-
mine Impact on Global Mortality and morbidity in
Heart Failure) trial, and TOPCAT (Treatment of Pre-
served Cardiac Function Heart Failure with an Aldo-
sterone Antagonist) trial, respectively.14-16 A baseline
eGFR (<60 vs $60 mL/min/1.73 m2) also did not in-
fluence the effect of SGLT2 inhibition in 2 large-scale
trials of SGLT2 inhibitors (DAPA-HF [Study to Eval-
uate the Effect of Dapagliflozin on the Incidence of
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Worsening Heart Failure or Cardiovascular Death in
Patients With Chronic Heart Failure With Reduced
Ejection Fraction] and DELIVER [Dapagliflozin Eval-
uation to Improve the LIVEs of Patients With Pre-
served Ejection Fraction Heart Failure]).17,18 Of note,
these studies excluded patients with the most
advanced kidney disease (eGFR <30 mL/min/1.73 m2),
and UACR was collected only in the PARADIGM-HF
trial. In contrast, the EMPEROR program (EMPEROR-
Reduced and EMPEROR-Preserved) measured UACR
and included patients with an eGFR as low as
20 mL/min/1.73 m2. Therefore, our analysis is the first
to apply KDIGO risk categories to a large-scale trial in
HF.

Four large-scale cardiovascular outcomes trials
have evaluated the influence of KDIGO categories on
the response to SGLT2 inhibitors in patients with
type 2 diabetes or CKD.19-22 In the 3 trials of patients
with type 2 diabetes (EMPA-REG OUTCOME [BI 10773
(Empagliflozin) Cardiovascular Outcome Event in
Type 2 Diabetes Mellitus Patients], CANVAS [CANa-
gliflozin cardioVascular Assessment Study], and
VERTIS-CV [Cardiovascular Outcomes Following
Ertugliflozin Treatment in Type 2 Diabetes Mellitus
Participants With Vascular Disease]), patients at the
higher KDIGO categories were more likely to expe-
rience a major HF or adverse renal event, as
compared with patients in lower risk KDIGO
subgroups. However, in the EMPA-REG OUTCOME
and CANVAS trials,19,20 the relative risk reduction for
HF and kidney outcomes produced by SGLT2 was
similar regardless of baseline KDIGO risk, and thus,
treatment-related absolute risk reductions were
greatest in patients at high and very high risk.20

However, in the VERTIS-CV trial, baseline KDIGO
category exerted a significant influence on the rela-
tive risk reduction with ertugliflozin for cardiovas-
cular death and hospitalization for HF, with minimal
treatment effect being apparent in patients in the
low-risk KDIGO category (treatment-by-KDIGO cate-
gory interaction P ¼ 0.03).21 The DAPA-CKD trial did
not note an influence of KDIGO risk on the effect of
dapagliflozin in CKD,22 but that trial did not enroll
CENTRAL ILLUSTRATION Continued

A total of 9,714 patients with HF from EMPEROR-Reduced and EMPEROR

low risk, 29.1% at moderate risk, 21.9% at high risk, and 17.0% at very-

described. In all baseline KDIGO risk categories empagliflozin reduced th

rate of decline in eGFR, and increased the KCCQ-CSS score at 52 weeks. A

receptor blocker; ARNI ¼ angiotensin receptor neprilysin inhibitor; BB ¼
filtration rate; EMPEROR ¼ Empagliflozin Outcome Trial in Patients wit

antagonist; NYHA ¼ New York Heart Association; HF ¼ heart failure.
patients at lowest risk. In the EMPEROR trial pro-
gram, KDIGO risk category did not modify the effect
of empagliflozin on HF or renal outcomes in patients
with HF, a response pattern similar to that reported
in EMPA-REG OUTCOME and in the CANVAS trials.
Further, improvement in health-related quality of
life was observed across all KDIGO risk categories.
This is consistent with results observed with other
HF therapeutics, such as angiotensin receptor
neprilysin inhibitors.

Under circumstances in which trials may be
underpowered for an evaluation of major renal out-
comes, investigators have proposed that the magni-
tude of the effect of treatment on the rate of decline
in eGFR be used as a surrogate metric. It has been
hoped that analyses that examine between-group
differences in eGFR slopes can discern a drug effect
in trials that are meaningfully smaller and shorter
than those designed to evaluate major renal events.
Some have proposed that a between-group difference
of 0.5 to 1.0 mL/min/1.73 m2 can be used to predict a
30% reduction in the risk of an adverse renal
outcome.23 However, there are numerous possible
approaches to the calculation of eGFR slopes; the
available models differ substantially in their exclu-
sion of data and underlying assumptions; and
commonly used models can yield markedly different
results that can show important discrepancies with
observed outcomes.24 In fact, some have suggested
that the analysis of eGFR slope performs well only
when the pretreatment eGFR is high, when the
treatment has no immediate effect on eGFR, and
when the duration of the trial is sufficiently long for a
reliable estimation of slope.24,25

None of these prerequisites for the reliability of
eGFR slopes applies to patients with chronic HF
who have been enrolled in large-scale trials of SGLT2
inhibitors. The typical patients with mild-to-
moderate HF have an eGFR of approximately 60 to
65 mL/min/1.73 m2, the duration of follow-up aver-
ages only 1.5 to 2.5 years, and SGLT2 inhibitors have
an immediate reversible effect to reduce eGFR due to
an intrarenal hemodynamic action. Therefore, to
-Preserved were stratified into KDIGO risk categories with 32.0% at

high risk. Key baseline characteristics for the pooled population are

e risk for cardiovascular death or first HF hospitalization, slowed the

CEI ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin

beta-blocker; CV ¼ cardiovascular; eGFR ¼ estimated glomerular

h Chronic Heart Failure; MRA ¼ mineralocorticoid receptor
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calculate eGFR slopes, some investigators have
excluded this early dip, thus basing the estimation of
eGFR slope on on-treatment values only and
excluding the baseline value—an approach that is
referred to as “chronic slope.” Others have forced the
inclusion of the baseline value and attempted to
calculate “total slope” using a 2-compartment model.
Even though linearity is not present, the calculation
yields a single value for a yearly decline (at a specific
time point), which does not represent either the un-
derlying data or pathophysiology. Importantly, the
model also fails to account for the reversible depres-
sion of all on-treatment values of eGFR in the patients
treated with an SGLT2 inhibitor. In analyzing the data
from the EMPEROR trials, we were able to avoid the
difficulties inherent in both the “chronic slope” and
“total slope” models because we measured eGFR
during a 30-day off-treatment period. A comparison
of this off-treatment value with the baseline value
allowed an assumption-free estimation of the annu-
alized change in eGFR that was unconfounded by the
presence of the drug. In this paper, we refer to this
approach as the “unconfounded eGFR slope.”

Based on our ability to calculate unconfounded
slope, we were able to perform a comprehensive
assessment of the value of chronic and total slopes in
our patients. In the placebo group, when compared
with low-risk patients, eGFR slope declined substan-
tially more slowly in the patients at highest risk of an
adverse renal outcome, reaffirming the recommen-
dation that the absolute changes in eGFR slope are
unreliable in patients with compromised renal
function.24 More importantly, we noted that, as
compared with the effect on unconfounded eGFR
slopes, the magnitude of the effect of empagliflozin
on total eGFR slopes was smaller, whereas the
magnitude of its effect on chronic eGFR slopes was
typically larger. This observation indicates that total
slope models are likely to significantly underestimate
the true treatment effect of SGLT2 inhibitors. Finally,
across KDIGO categories, the effect of empagliflozin
on eGFR slopes did not track closely with the effect of
the drug on renal outcomes, although this observa-
tion is limited by the small number of renal events,
especially in low-risk patients. These findings, taken
together, highlight the important difficulties in trying
to extrapolate from observations on conventionally
calculated eGFR slopes to conclusions about major
adverse renal outcomes in patients with chronic HF.

STUDY STRENGTHS AND LIMITATIONS. The major
strength is its ability to measure unconfounded slope,
a metric of the rate of decline in eGFR that is not
affected by the expected acute effect of empagliflozin
on eGFR. The major limitation of the current analysis
is the relatively short duration of double-blind ther-
apy, which limited our ability to link changes in eGFR
with the occurrence of major adverse kid-
ney outcomes.

CONCLUSIONS

Empagliflozin reduced the risk for cardiovascular
death or HF hospitalization in all KDIGO risk cate-
gories, whether the data in EMPEROR-Reduced and
EMPEROR-Preserved were pooled or analyzed sepa-
rately. Empagliflozin slowed the decline in eGFR in all
KDIGO groups, but the magnitude of these effects
varied according to the model used to calculate eGFR
slopes. The nonlinear nature of total slopes and their
predilection to be confounded by an ongoing intra-
renal hemodynamic effect of the drugs limits their
utility in assessing the effects of SGLT2 inhibitors. For
both total and chronic slopes, treatment-related
changes in eGFR slopes in patients with HF should
be interpreted cautiously.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Boehringer Ingelheim and Eli Lilly and Company funded EMPEROR-

Reduced and EMPEROR-Preserved. The manuscript was sponsored

by the Boehringer Ingelheim and Eli Lilly and Company Diabetes

Alliance. Dr Butler has received payment or honoraria for lectures,

presentations, Speakers Bureau, manuscript writing, or educational

events from Abbott, Adrenomed, Amgen, Applied Therapeutics,

Array, AstraZeneca, Bayer, BerlinCures, Cardior, CVRx, Foundry, G3

Pharma, Imbria, Impulse Dynamics, Innolife, Janssen, LivaNova,

Luitpold, Medtronic, Merck, Novartis, Novo Nordisk, Relypsa, Roche,

Sanofi, Sequana Medical, Occlutech, and Vifor; and is a Trial Execu-

tive Committee member of Boehringer Ingelheim & Eli Lilly and

Company Diabetes Alliance (trial sponsor). Dr Packer has received

consulting fees from AbbVie, Actavis, Amgen, Amarin, AstraZeneca,

Boehringer Ingelheim, Bristol Myers Squibb, Casana, CSL Behring,

Cytokinetics, Johnson & Johnson, Eli Lilly and Company, Moderna,

Novartis, ParatusRx, Pfizer, Relypsa, Salamandra, Synthetic Biologics,

and Theravance; and is a Trial Executive Committee member of the

Boehringer Ingelheim & Eli Lilly and Company Diabetes Alliance (trial

sponsor). Dr Böhm is supported by the Deutsche For-

schungsgemeinschaft (German Research Foundation; TTR 219, proj-

ect number 322900939); and has received personal fees from Abbott,

Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Cytokinetics,

Medtronic, Novartis, Servier, and Vifor during the conduct of the

study. Dr Januzzi is a trustee of the American College of Cardiology; is

a board member of Imbria Pharmaceuticals; has received grant sup-

port from Applied Therapeutics, Innolife, Novartis Pharmaceuticals,

and Abbott Diagnostics; has received consulting income from Abbott,

Janssen, Novartis, and Roche Diagnostics; and participates in clinical

endpoint committees/data safety monitoring boards for Abbott,

AbbVie, Amgen, Bayer, CVRx, Janssen, MyoKardia, and Takeda. Dr

Verma has received research and/or speaking honoraria from Amgen,

Amarin, AstraZeneca, Bayer, CMS, Janssen, HLS, Sanofi, Novo Nor-

disk, Novartis, Merck, and PhaseBio; has received personal fees from

Boehringer Ingelheim; is president of the Canadian Medical and

Surgical Knowledge Translation Research Group; and holds the Tier 1

Canada Research Chair in Cardiovascular Surgery. Dr Wanner has



PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: Treatment with empagliflozin reduces the risk of HF

hospitalization or cardiovascular death and slows the decline of

renal function in patients with HF across a broad range of renal

risk, including those with eGFR down to 20 mL/min/1.73 m2,

irrespective of albuminuria.

TRANSLATIONAL OUTLOOK: Measures of renal function

other than eGFR should be explored as predictors of adverse

outcomes in patients with HF and renal impairment and as po-

tential indications for treatment with empagliflozin or another

SGLT2 inhibitor.

J A C C V O L . 8 1 , N O . 1 9 , 2 0 2 3 Butler et al
M A Y 1 6 , 2 0 2 3 : 1 9 0 2 – 1 9 1 4 Empagliflozin for Heart Failure by Renal Risk

1913
received personal fees from Boehringer Ingelheim during the conduct

of the study; and has received personal fees from Akebia, AstraZe-

neca, Bayer, Eli Lilly and Company, GSK, Gilead, MSD, Mundipharma,

Sanofi-Genzyme, and Vifor Fresenius. Dr Ferreira has received

consulting fees from Boehringer Ingelheim; and is a Trial Executive

Committee member of the Boehringer Ingelheim & Eli Lilly and

Company Diabetes Alliance (trial sponsor). Dr Pocock has received

consulting fees and payment or honoraria for lectures, presentations,

Speakers Bureau, manuscript writing, or educational events from

Boehringer Ingelheim; and is a Trial Executive Committee member of

the Boehringer Ingelheim & Eli Lilly and Company Diabetes Alliance

(trial sponsor). Dr Filippatos has received payment or honoraria for

lectures, presentations, Speakers Bureau, manuscript writing, or

educational events from Boehringer Ingelheim, Medtronic, Vifor,

Servier, and Novartis; and is a Trial Executive Committee member of

the Boehringer Ingelheim & Eli Lilly and Company Diabetes Alliance

(trial sponsor). Dr Anker has received grants from Abbott Vascular and

Vifor (International) Ltd; has received consulting fees from Abbott

Vascular, Bayer, Brahms GmbH, Cardiac Dimensions, Cordio, Novar-

tis, Servier, and Vifor (International) Ltd; and is a Trial Executive

Committee member of the Boehringer Ingelheim & Eli Lilly and

Company Diabetes Alliance (trial sponsor). Dr Zannad has recieved

payment or honoraria for lectures, presentations, Speakers Bureau,

manuscript writing, or educational events from Boehringer Ingel-

heim, Amgen, CVRx, AstraZeneca, Vifor Fresenius, Cardior, Cereno

Pharmaceutical, Applied Therapeutics, Merck, and Bayer; other

financial or nonfinancial interests in CVCT and Cardiorenal; and is a

Trial Executive Committee member of the Boehringer Ingelheim & Eli

Lilly and Company Diabetes Alliance (trial sponsor). Drs Brueckmann

and Gergei, and Tomoko Iwata are employees of Boehringer Ingel-

heim, the manufacturer of empagliflozin. Dr Siddiqi has reported that
he has no relationships relevant to the contents of this paper to

disclose.

ADDRESS FOR CORRESPONDENCE: Dr Javed Butler,
Baylor Scott and White Research Institute, 3434
Live Oak Street, Suite 501, Dallas, Texas 75204,
USA. E-mail: Javed.Butler@bswhealth.org. Twitter:
@JavedButler1.
RE F E RENCE S
1. McCullough PA, Philbin EF, Spertus JA, et al.
Confirmation of a heart failure epidemic: findings
from the Resource Utilization Among Congestive
Heart Failure (REACH) study. J Am Coll Cardiol.
2002;39:60–69.

2. Hill NR, Fatoba ST, Oke JL, et al. Global prev-
alence of chronic kidney disease—a systematic
review and meta-analysis. PLoS One. 2016;11:
e0158765.

3. McCullough PA, Kellum JA, Haase M, et al.
Pathophysiology of the cardiorenal syndromes:
executive summary from the eleventh consensus
conference of the Acute Dialysis Quality Initiative
(ADQI). Contrib Nephrol. 2013;182:82–98.

4. Haase M, Muller C, Damman K, et al. Patho-
genesis of cardiorenal syndrome type 1 in acute
decompensated heart failure: workgroup state-
ments from the eleventh consensus conference of
the Acute Dialysis Quality Initiative (ADQI). Contrib
Nephrol. 2013;182:99–116.

5. Di Lullo L, House A, Gorini A, et al. Chronic
kidney disease and cardiovascular complications.
Heart Fail Rev. 2015;20:259–272.

6. House AA. Cardiorenal syndrome: new de-
velopments in the understanding and pharmaco-
logic management. Clin J Am Soc Nephrol. 2013;8:
1808–1815.

7. National Kidney Foundation. What is the criteria
for CKD. Accessed January 10, 2022. https://www.
kidney.org/professionals/explore-your-knowledge/
what-is-the-criteria-for-ckd
8. Levey AS, de Jong PE, Coresh J, et al. The
definition, classification, and prognosis of chronic
kidney disease: a KDIGO Controversies Conference
report. Kidney Int. 2011;80:17–28.

9. Packer M, Anker SD, Butler J, et al, EMPEROR-
Reduced Trial Investigators. Cardiovascular and
renal outcomes with empagliflozin in heart failure.
N Engl J Med. 2020;383:1413–1424.

10. Anker SD, Butler J, Filippatos G, et al, EM-
PEROR-Preserved Trial Investigators. Empagli-
flozin in heart failure with a preserved ejection
fraction. N Engl J Med. 2021;385:1451–1461.

11. Packer M, Butler J, Filippatos GS, et al, EM-
PEROR-Reduced Trial Committees and Investigators.
Evaluation of the effect of sodium-glucose co-
transporter 2 inhibition with empagliflozin on
morbidity and mortality of patients with chronic
heart failure and a reduced ejection fraction: ratio-
nale for and design of the EMPEROR-Reduced trial.
Eur J Heart Fail. 2019;21:1270–1278.

12. Anker SD, Butler J, Filippatos GS, et al,
EMPEROR-Preserved Trial Committees and In-
vestigators. Evaluation of the effects of sodium-
glucose co-transporter 2 inhibition with empagli-
flozin on morbidity and mortality in patients with
chronic heart failure and a preserved ejection frac-
tion: rationale for and design of the EMPEROR-
Preserved Trial. Eur J Heart Fail. 2019;21:1279–1287.

13. Packer M, Zannad F, Butler J, et al, EMPEROR-
Preserved Trial Study Group. Influence of endpoint
definitions on the effect of empagliflozin on major
renal outcomes in the EMPEROR-Preserved trial.
Eur J Heart Fail. 2021;23:1798–1799.

14. McCausland FR, Lefkowitz MP, Claggett B,
et al. Angiotensin-neprilysin inhibition and renal
outcomes in heart failure with preserved ejection
fraction. Circulation. 2020;142:1236–1245.

15. Damman K, Gori M, Claggett B, et al. Renal
effects and associated outcomes during
angiotensin-neprilysin inhibition in heart failure.
J Am Coll Cardiol HF. 2018;6:489–498.

16. Beldhuis IE, Myhre PL, Claggett B, et al. Effi-
cacy and safety of spironolactone in patients with
HFpEF and chronic kidney disease. J Am Coll Car-
diol HF. 2019;7:25–32.

17. Jhund PS, Solomon SD, Docherty KF, et al.
Efficacy of dapagliflozin on renal function and
outcomes in patients with heart failure with
reduced ejection fraction: results of DAPA-HF.
Circulation. 2021;143:298–309.

18. McCausland FR, Claggett BL, Vaduganathan M,
et al. Dapagliflozin and kidney outcomes in pa-
tients with heart failure with mildly reduced or
preserved ejection fraction: a prespecified analysis
of the DELIVER randomized clinical trial. JAMA
Cardiol. 2023;8:56–65.

19. Levin A, Perkovic V, Wheeler DC, et al,
EMPA-REG OUTCOME Investigators. Empagli-
flozin and cardiovascular and kidney outcomes
across kdigo risk categories: post hoc analysis of a
randomized, double-blind, placebo-controlled,

mailto:Javed.Butler@bswhealth.org
https://twitter.com/JavedButler1
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref1
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref1
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref1
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref1
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref1
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref2
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref2
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref2
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref2
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref3
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref3
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref3
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref3
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref3
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref4
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref4
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref4
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref4
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref4
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref4
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref5
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref5
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref5
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref6
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref6
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref6
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref6
https://www.kidney.org/professionals/explore-your-knowledge/what-is-the-criteria-for-ckd
https://www.kidney.org/professionals/explore-your-knowledge/what-is-the-criteria-for-ckd
https://www.kidney.org/professionals/explore-your-knowledge/what-is-the-criteria-for-ckd
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref8
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref8
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref8
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref8
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref9
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref9
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref9
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref9
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref10
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref10
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref10
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref10
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref11
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref11
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref11
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref11
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref11
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref11
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref11
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref11
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref12
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref12
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref12
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref12
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref12
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref12
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref12
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref12
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref13
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref13
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref13
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref13
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref13
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref14
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref14
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref14
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref14
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref15
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref15
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref15
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref15
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref16
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref16
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref16
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref16
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref17
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref17
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref17
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref17
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref17
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref18
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref18
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref18
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref18
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref18
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref18
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref19
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref19
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref19
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref19
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref19


Butler et al J A C C V O L . 8 1 , N O . 1 9 , 2 0 2 3

Empagliflozin for Heart Failure by Renal Risk M A Y 1 6 , 2 0 2 3 : 1 9 0 2 – 1 9 1 4

1914
multinational trial. Clin J Am Soc Nephrol.
2020;15:1433–1444.

20. Neuen BL, Ohkuma T, Neal B, et al. Relative
and absolute risk reductions in cardiovascular and
kidney outcomes with canagliflozin across KDIGO
risk categories: findings from the CANVAS pro-
gram. Am J Kidney Dis. 2021;77:23–34.

21. Cherney DZI, McGuire DK, Charbonnel B, et al,
VERTIS CV Investigators. Gradient of risk and as-
sociations with cardiovascular efficacy of ertugli-
flozin by measures of kidney function: observations
from VERTIS CV. Circulation. 2021;143:602–605.

22. Waijer SW, Vart P, Cherney DZI, et al. Effect of
dapagliflozin on kidney and cardiovascular out-
comes by baseline KDIGO risk categories: a post
hoc analysis of the DAPA-CKD trial. Diabetologia.
2022;65:1085–1097.

23. Greene T, Ying J, Vonesh EF, et al. Perfor-
mance of GFR slope as a surrogate end point for
kidney disease progression in clinical trials: a sta-
tistical simulation. J Am Soc Nephrol. 2019;30:
1756–1769.

24. Packer M. Pitfalls in using estimated glomerular
filtration rate slope as a surrogate for the effect of
drugs on the risk of serious adverse renal outcomes
in clinical trials of patients with heart failure. Circ
Heart Fail. 2021;14(6):e008537. https://doi.org/1
0.1161/CIRCHEARTFAILURE.121.008537.

25. Levey AS, Gansevoort RT, Coresh J, et al.
Change in albuminuria and GFR as end points
for clinical trials in early stages of CKD: a sci-
entific workshop sponsored by the National
Kidney Foundation in collaboration with the US
Food and Drug Administration and European
Medicines Agency. Am J Kidney Dis. 2020;75:84–
104.
KEY WORDS cardiovascular disease,
chronic kidney disease, congestive heart
failure, KDIGO category, SGLT2 inhibitor
APPENDIX For supplemental tables and
figures, please see the online version of this
paper.

http://refhub.elsevier.com/S0735-1097(23)05080-5/sref19
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref19
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref20
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref20
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref20
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref20
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref20
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref21
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref21
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref21
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref21
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref21
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref22
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref22
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref22
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref22
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref22
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref23
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref23
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref23
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref23
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref23
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008537
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008537
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref25
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref25
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref25
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref25
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref25
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref25
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref25
http://refhub.elsevier.com/S0735-1097(23)05080-5/sref25

	Efficacy of Empagliflozin in Patients With Heart Failure Across Kidney Risk Categories
	Methods
	Patient Population
	KDIGO Classification of CKD
	Outcomes
	Statistical analyses

	Results
	Baseline characteristics
	Outcomes by baseline KDIGO risk categories in the placebo arm
	Effect of empagliflozin according to KDIGO risk categories
	Cardiovascular outcomes
	eGFR slope and renal outcomes
	Safety outcomes


	Discussion
	Study Strengths and Limitations

	Conclusions
	Funding Support and Author Disclosures
	References


