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BACKGROUND: Empagliflozin improves outcomes in patients with heart failure with a preserved ejection fraction, but whether
the effects are consistent in patients with and without diabetes remains to be elucidated.

METHODS: Patients with class Il through IV heart failure and a left ventricular ejection fraction >40% were randomized to
receive empagliflozin 10 mg or placebo in addition to usual therapy. We undertook a prespecified analysis comparing the
effects of empagliflozin versus placebo in patients with and without diabetes.

RESULTS: Of the 5988 patients enrolled, 2938 (49%) had diabetes. The risk of the primary outcome (first hospitalization for
heart failure or cardiovascular death), total hospitalizations for heart failure, and estimated glomerular filtration rate decline was
higher in patients with diabetes. Empagliflozin reduced the rate of the primary outcome irrespective of diabetes status (hazard
ratio, 0.79 [95% Cl, 0.67, 0.94] for patients with diabetes versus hazard ratio, 0.78 [95% Cl, 0.64, 0.95] in patients without
diabetes; £ . =092). The effect of empagliflozin to reduce total hospitalizations for heart failure was also consistent in
patients with and without diabetes. The effect of empagliflozin to attenuate estimated glomerular filtration rate decline during
double-blind treatment was also present in patients with and without diabetes, although more pronounced in patients with
diabetes (1.77 in diabetes versus 0.98 mL/min/1.73m? in patients without diabetes; Pim%mm:0.0D. Across these 3 end points,
the effect of empagliflozin did not differ in patients with prediabetes or normoglycemia (33% and 18% of the patient population,
respectively). When investigated as a continuous variable, baseline hemoglobin A1c did not modify the effects on the primary

outcome (P =0.26). There was no increased risk of hypoglycemic events in either subgroup as compared with placebo.

interaction

CONCLUSIONS: In patients with heart failure and a preserved ejection fraction enrolled in the EMPEROR-Preserved (Empagliflozin
Outcome Trial in Patients With Chronic Heart Failure With Preserved Ejection Fraction), empagliflozin significantly reduced
the risk of heart failure outcomes irrespective of diabetes status at baseline.
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heart failure with preserved left ventricular ejection  trial (Treatment of Preserved Cardiac Function Heart

Diabetes is present in nearly half of patients with morbidity and mortality."? An analysis of the TOPCAT
fraction (HFpEF) and is associated with increased Failure With an Aldosterone Antagonist) suggested that
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Clinical Perspective

What Is New?

* In the placebo-controlled EMPEROR-Preserved
trial (Empagliflozin Outcome Trial in Patients With
Chronic Heart Failure With Preserved Ejection
Fraction), empagliflozin improved heart failure
outcomes and slowed kidney function decline in
patients with heart failure and a preserved ejection
fraction regardless of the presence of diabetes at
baseline.

* In patients without diabetes, empagliflozin did not
lower glycated hemoglobin or increase the risk of
hypoglycemia or ketoacidosis.

What Are the Clinical Implications?

* The heart failure benefits, slowing of kidney function
decline, and safety of empagliflozin in patients with
heart failure and preserved ejection fraction are
consistent in patients with and without diabetes.

» Decisions regarding the use of empagliflozin for the
treatment of heart failure with preserved ejection
fraction should not be driven by the glycemic status
of individual patients.

Nonstandard Abbreviations and Acronyms

eGFR estimated glomerular

filtration rate
Empagliflozin Outcome
Trial in Patients With
Chronic Heart Failure
With Preserved Ejection

EMPEROR-Preserved

Fraction

HbA1c hemoglobin A1c

HF heart failure

HFpEF heart failure with pre-
served ejection fraction

KCCaQ Kansas City Cardiomy-
opathy Questionnaire

NT-proBNP N-terminal B-type natri-
uretic pro-peptide

PARAGON-HF Prospective Comparison
of ARNI With ARB Globall
Outcomes in HFpEF

SGLT2i sodium—glucose cotrans-
porter-2 inhibitors

TOPCAT Treatment of Preserved

Cardiac Function Heart
Failure With an Aldoste-
rone Antagonist

patients with diabetes were clustered within a phenotype
characterized by a specific profile of comorbidities such
as obesity and chronic kidney disease, along with more
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advanced symptoms and worse outcomes?® Sodium-—
glucose cotransporter-2 inhibitors (SGLT2i) have been
shown to improve outcomes in patients with diabetes; a
meta-analysis including data from 5 SGLT2i trials in nearly
50000 patients with diabetes showed that SGLT2i
reduced the risk of the composite of cardiovascular death/
myocardial infarction/stroke, as well as the risk of cardio-
vascular death, heart failure (HF) hospitalization, and renal
events.® In addition, the seminal studies on SGLT2i in HF
with reduced ejection fraction have shown that SGLT2i
improve outcomes in these patients independently of
diabetes status.*® Whether this benefit is maintained in
patients with diabetes and HF and preserved or mildly
reduced ejection fraction has not been sufficiently studied.

The treatment of patients with HFpEF has long been
characterized by lack of therapies that improve progno-
sis. Empagliflozin, an SGLT2i, reduced the risk of the
composite of cardiovascular death or HF hospitalization
and first and recurrent HF hospitalizations and slowed
renal function decline in patients with HF and an ejection
fraction >40% in EMPEROR-Preserved (Empagliflozin
Outcome Trial in Patients With Chronic Heart Failure
With Preserved Ejection Fraction).t We sought to assess
the effects of empagliflozin in these patients according
to their diabetes status at baseline.

METHODS
Study Design

EMPEROR-Preserved was an international, phase IlI, double-
blinded, parallel-group, placebo-controlled trial that enrolled
5988 patients with symptomatic HF, an ejection fraction >400%,
elevated natriuretic peptide levels, and evidence of structural
cardiac changes or documented previous hospitalization for HF
Patients were randomized to empagliflozin 10 mg daily or pla-
cebo. The primary end point was the time to first hospitalization
for HF or cardiovascular death. The key secondary end points
included first and recurrent hospitalizations for HF and the rate
of decline in the estimated glomerular filtration rate (eGFR)
during double-blind treatment (eGFR slope). Other secondary
end points included time to cardiovascular death, first hospi-
talization for HF, and all-cause death and change in Kansas
City Cardiomyopathy Questionnaire (KCCQ) clinical summary
score from baseline to week 52. Other prespecified end points
included the mean eGFR change from baseline to 23 to 45
days after treatment discontinuation, allowing the evaluation of
double-blind treatment unconfounded by the presence of an
SGLT2i, as well as time to a first composite renal end point
(defined as time to first occurrence of chronic dialysis, renal
transplantation, sustained reduction of >40% in eGFR, or
sustained eGFR <15 mL/min/1.73m? for patients with base-
line eGFR >30 mL/min/1.73m? or <10 mL/min/1.73m? for
patients with baseline eGFR <30 mL/min/1.73m?). The trial
further assessed the effects of empagliflozin versus placebo on
additional clinical and laboratory outcomes. The methods of the
trial are described in detail elsewhere.” The trial was approved
by the ethics committee at each study site and all patients pro-
vided written informed consent.
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Trial Outcomes

In the current secondary analysis of the trial, we assessed the effects
of empagliflozin versus placebo on the primary and secondary HF
and renal end points according to the diabetes status of patients
at baseline. We also analyzed the effects on the primary end point
across the hemoglobin Alc (HbA1c) continuum at baseline. We
further assessed the effects of empagliflozin versus placebo on the
change of clinical and laboratory outcomes from baseline to follow-
up, including KCCQ clinical summary score, HbA1c, body weight,
systolic blood pressure, NT-proBNP (N-terminal B-type natriuretic
pro-peptide), hemoglobin, and uric acid, according to baseline dia-
betes status. In accordance with the corresponding secondary
analysis of the EMPEROR-Reduced trial® diabetes was defined as
a history of diabetes diagnosis or a pretreatment HbA1c of 6.5%
or higher, prediabetes was defined as a pretreatment HbA1c of
5.7% to 6.4%, and normoglycemia was defined as all pretreatment
HbA1c values <5.7%.

Statistical Analysis

For time to first event analyses, differences between the pla-
cebo and empagliflozin groups for the primary end point were
assessed for statistical significance using a Cox proportional
hazards model, with prespecified covariates of age, sex, geo-
graphical region, diabetes status at baseline, left ventricular ejec-
tion fraction, eGFR at baseline, treatment, and diabetes status
at baseline by treatment interaction term. These analyses were
performed according to the intention-to-treat principle for all ran-
domized patients and included data up to the end of the planned
treatment period. For the analysis of total (first and repeated)
events, between-group differences were assessed using a joint
frailty model, with cardiovascular death as a competing risk. For
the analysis of changes in eGFR, KCCQ scores, vital signs, and
laboratory measurements, treatment effects were assessed using
a mixed model for repeated measures including age, baseline
eGFR (CKD-EPI formula [Chronic Kidney Disease Epidemiology
Collaboration equation] on the basis of creatinine), and baseline
left ventricular ejection fraction as linear covariates and baseline
measurement by visit, visit by treatment by baseline diabetes sta-
tus, sex, geographic region, last projected visit on the basis of
dates of randomization, and trial closure. NT-proBNP was log-
transformed before analysis. Between-group differences in the
slope of change in eGFR were analyzed using a random intercept
random slope model including baseline eGFR, age, and baseline
left ventricular ejection fraction as linear covariates and region,
sex, baseline eGFR by time interaction, treatment by diabetes at
baseline, and time by treatment by diabetes at baseline interac-
tion as fixed effect(s). Intercept and slope allowed us to vary ran-
domly between patients. KCCQ as well as eGFR (including both
slope and mixed model for repeated measures analyses) were
analyzed using on-treatment data. For comparison of incidence
rates or slope between patients with and without diabetes, simi-
lar models as described above were used, restricting the study
population to the placebo group and comparing patients with and
without diabetes instead of treatment group.

Analyses for safety were performed including all patients
who had received at least 1 dose of empagliflozin or placebo.
All analyses were performed using SAS, version 9.4 (SAS
Institute). All P values reported are 2-sided and A<0.05 was
considered statistically significant in all cases. No adjustments
for multiple testing were made.
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Data Sharing Statement

To ensure independent interpretation of clinical study results
and enable authors to fulfill their role and obligations under
the International Committee of Medical Journal Editors crite-
ria, Boehringer Ingelheim grants all external authors access to
relevant clinical study data. In adherence with the Boehringer
Ingelheim Policy on Transparency and Publication of Clinical
Study Data, scientific and medical researchers can request
access to clinical study data after publication of the primary article
in a peer-reviewed journal, regulatory activities are complete, and
other criteria are met. Researchers should use the https://vivii.
org/ link to request access to study data and visit https://www.
mystudywindow.com/msw/datasharing for further information.

RESULTS

Baseline Characteristics

Out of a total of 5988 patients enrolled in the study, 2938
(49%) had diabetes at baseline, including 10 patients
(0.2%; b patients in each treatment group) with type 1 dia-
betes, and the remaining with type 2 diabetes. Among 2938
patients with diabetes, the large majority had a history of
diabetes; only 277 patients had newly identified diabetes
on the basis of a pretreatment HbA1c value 26.5%. Com-
pared with patients without diabetes, those with diabetes
were younger, were more frequently men, and had higher
body mass index and HbA1c levels (Table 1). Patients with
diabetes also had a higher prevalence of ischemic heart
disease as the principal cause of HF and more commonly
a history of coronary artery disease and hypertension, but a
lower prevalence of atrial fibrillation. Furthermore, patients
with diabetes had a worse New York Heart Association
class but lower levels of NT-proBNP than those without
diabetes. Patients with diabetes had higher median urinary
albumin-to-creatinine ratio with a higher prevalence of mi-
croalbuminuria and macroalbuminuria, but similar eGFR.
They were more frequently treated with angiotensin recep-
tor blockers, diuretics, mineralocorticoid receptor antago-
nists, aspirin, and lipid-lowering agents, and less frequently
with anticoagulants. Glucose-lowering agents other than
SGLT2i had been prescribed in 79.5% of patients with
diabetes; the most commonly used agent was metformin,
followed by insulin and sulfonylureas.

Among the 3050 (51%) patients without diabetes at
baseline, 1980 (33% of the total population) had pre-
diabetes and 1070 (18% of the total population) had
normoglycemia. Baseline characteristics of patients with
normoglycemia, prediabetes, and diabetes are provided
in Table S1.

Heart Failure Outcomes and Health Status

In the placebo arm, the incidence rate of the primary end
point, hospitalization for HF or cardiovascular death, per
100 patient-years was 10.25 in patients with diabetes
versus 7.21 in those without diabetes (R<0.01). Similarly,
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Table 1. Baseline Characteristics in Patients With and Without Diabetes
Characteristics Diabetes (n=2938) No diabetes (n=3050) P value
Age, y 70.9+9.0 72.8+£9.7 <0.01
Female 1256 (42.8) 1420 (46.6) 0.03
Race/ethnicity* 0.06
White 2208 (75.2) 2334 (76.5)
Black or African American 141 (4.8) 117 (3.8)
Asian 393 (13.4) 431 (14.1)
Other, including mixed race 195 (6.6) 167 (5.5)
Missing 1 (<0.1) 1 (<0.1)
Geographic region <0.01
North America 365 (12.4) 354 (11.6)
Latin America 814 (27.7) 701 (23.0)
Europe 1259 (42.9) 1430 (46.9)
Asia 303 (10.3) 383 (12.6)
Other 197 (6.7) 182 (6.0)
NYHA class <0.01
I 2 (0.1) 2(0.1)
1l 2332 (79.4) 2551 (83.6)
1] 598 (20.4) 485 (15.9)
\% 6(0.2) 12 (0.4)
Body mass index, kg/m? 31.05+5.89 28.67+5.61 <0.01
Heart rate, bpm 70.7£11.5 70.1£12.2 0.07
Systolic blood pressure, mm Hg 133.31£16.0 130.4%£15.1 <0.01
Diastolic blood pressure, mm Hg 75.4+10.6 76.1£10.5 0.02
HbA1c, % 7.26%+1.50 5.71+£0.36 <0.01
LVEF
Mean, % 53.918.7 54.718.8 <0.01
<50 1025 (34.9) 958 (31.4) 0.01
50-<60 1007 (34.3) 1051 (34.5)
>60 906 (30.8) 1041 (34.1)
NT-proBNP, pg/mL 907 (485-1658) 1042 (516-1810) 0.08
Principal cause of HF <0.01
Ischemic 1217 (41.4) 900 (29.5)
Nonischemic 1720 (58.5) 2150 (70.5)
Medical history
Hospitalization for HF in past 12 months 744 (25.3) 625 (20.5) <0.01
AFt 1342 (45.7) 1715 (56.2) <0.01
Hypertension 2760 (93.9) 2664 (87.3) <0.01
Coronary artery disease 1196 (40.7) 898 (29.4) <0.01
eGFR, mL/min/1.73m?
Mean 59.7+20.7 61.5+18.9 <0.01
<60 1510 (51.4) 1478 (48.5) 0.02
UACR, mg/g 30.00 (9.72-136.00) 15.91 (6.19-43.32)
Normal (<30) 1457 (49.6) 2017 (66.1) <0.01
Microalbuminuria (30-300) 994 (33.8) 866 (28.4)
Macroalbuminuria (>300) 475 (16.2) 154 (5.0)
Device therapy
Implantable cardioverter-defibrillator¥ 109 (3.7) 123 (4.0) 0.52
(Continued)
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Table 1. Continued

é Characteristics Diabetes (n=2938) No diabetes (n=3050) P value
E HF medication
g ACE inhibitor 1180 (40.2) 1229 (40.3) 0.92
‘_é. ARBS 1223 (41.6) 1093 (35.8) <0.01
g ARNi 63 (2.1) 71 (2.3) 0.63
S Diuretic other than MRA 2451 (83.4) 2358 (77.3) <0.01

MRA 1148 (39.1) 1096 (35.9) 0.01

B-blocker 2582 (87.9) 2585 (84.8) <0.01

Cardiovascular medication

Lipid-lowering 2316 (78.8) 1926 (63.1) <0.01

Aspirin 1452 (49.4) 1060 (34.8) <0.01

Anticoagulants 1268 (43.2) 1644 (53.9) <0.01

Glucose-lowering therapy

Any 2336 (79.5) 20 (0.7)

Biguanide 1577 (53.7) 18 (0.6)

Insulin 861 (29.3) 0

Sulfonylurea 628 (21.4) 0

DPP-4 inhibitors 394 (13.4) 0

GLP-1 receptor analogues 59 (2.0) 0

Other 126 (4.3) 2 (0.1)

Data are mean (SD) or n (%) except for NT-proBNP (N-terminal prohormone B-type natriuretic peptide) and urinary—
albumin creatinine ratio (UACR), which are median (interquartile range). ACE indicates angiotensin-converting enzyme;
AF, atrial fibrillation; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor neprilysin inhibitor; DPP-4, dipeptidyl
peptidase-4; GFR, glomerular filtration rate; GLP-1, glucagon-like peptide-1; HbA1c, hemoglobin A1c; HF, heart failure;
IQR, interquartile range; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; and NYHA,

New York Heart Association.

*Race was reported by the patient; patients who identified with no race were classified as other.
1AF reported in any ECG before treatment intake or history of AF reported as medical history.
FImplantable cardioverter-defibrillator with or without cardiac resynchronization therapy.
SExcluding valsartan when taken with sacubitril because sacubitril/valsartan is shown as an ARNi.

the incidence rate of first and recurrent hospitalizations
for HF per 100 patient-years was 10.82 in patients with
diabetes and 6.44 in those without diabetes (P<0.01).
Both the primary end point and first and recurrent hospi-
talizations for HF occurred less frequently in patients with
prediabetes compared with those with diabetes, whereas
the rates between the prediabetes and normoglycemic
groups were similar (Figure S1). In contrast, there were
no differences in the rates of cardiovascular death in the
placebo group according to diabetes status (Figure 1).
Empagliflozin reduced the risk of the primary end
point of cardiovascular death or first hospitalization for
HF consistently in patients with and without diabetes
(P racion=0-92; Figures 1 and 2). Similarly, there was no
interaction between the presence of diabetes at base-
line and the effects of empagliflozin versus placebo on
the key secondary end point of first and recurrent hos-
pitalizations for HF (P =0.97; Figures 1 and 3) or
any of the secondary HF end points including cardio-
vascular death, first hospitalization for HF, and all-cause
death (Figure 1). This lack of interaction between base-
line diabetes status and the effects of treatment with
empagliflozin or placebo persisted when patients were

680  August 30, 2022

divided into 3 subgroups of normoglycemia, prediabe-
tes, and diabetes (Figure S1). In addition, the effect of
empagliflozin on the primary outcome compared with
placebo was consistent across the spectrum of HbA1c
when analyzed as a continuous variable (Pmteradion=0.26;
Figure 4). Empagliflozin further improved health status
by KCCQ clinical summary score consistently in patients
with and without diabetes up to week 52 (P . at
week 52=0.45; Figure S2).

Renal Outcomes

In the placebo arm, patients with diabetes had a high-
er rate of eGFR decline than those without diabetes
(adjusted on-treatment eGFR slope, —3.1 versus —2.2
mL/min/1.73m? per year, respectively; £<0.01) and a
larger decline in eGFR from baseline to 23 to 45 days
after treatment discontinuation (adjusted mean eGFR
change, —6.1 versus —5.3 mL/min/1.73m? per year,
respectively; P=0.02). When we further assessed the
prediabetes and normoglycemic groups separately, pa-
tients with prediabetes at baseline had a higher rate
of eGFR decline in the placebo group compared with

Circulation. 2022;146:676-686. DOI: 10.1161/CIRCULATIONAHA.122.059785
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Empagliflozin (N=2997)

Placebo (N=2991)

Interaction
n/N % Rate/100 PY n/N % Rate/100 PY HR (95% Cl) HR (95% CI) P value
Primary outcome: Time to first event of CV death or HHF
All patients 415/2997  13.8 6.86 511/2991 171 8.67 0.79 (0.69, 0.90) —@—
No diabetes 176/1531 115 5.56 220/1519 145 7.21 0.78 (0.64, 0.95) —— 0.92
Diabetes 239/1466  16.3 8.30 291/1472 198 10.25 0.79 (0.67, 0.94) ——i
Key secondary outcome: First and recurrent HHF*
All patients 407/2997 - 6.46 541/2991 - 8.60 0.73 (0.61, 0.88) ——
No diabetes 157/1531 - 4.83 206/1519 - 6.44 0.74 (0.56, 0.97) ————— 0.97
Diabetes 250/1466 - 8.19 335/1472 - 10.82 0.73 (0.57, 0.94) ———
Secondary outcomes
Time to first HHF
All patients 259/2997 8.6 4.28 352/2991 11.8 5.97 0.71 (0.60, 0.83) ——
No diabetes 104/1531 6.8 3.29 137/1519 9.0 4.49 0.74 (0.57, 0.96) ——— 0.66
Diabetes 155/1466  10.6 5.38 215/1472 146 7.57 0.69 (0.56, 0.85) —e—
Time to CV death
All patients 219/2997 7.3 3.42 244/2991 8.2 3.81 0.91 (0.76, 1.09) ——
No diabetes 99/1531 6.5 3.00 121/1519 8.0 3.74 0.82 (0.63, 1.07) I 0.32
Diabetes 120/1466 8.2 3.87 123/1472 8.4 3.89 0.99 (0.77, 1.27) ———
Time to all-cause mortality
All patients 422/2997 141 6.60 427/2991 14.3 6.67 1.00 (0.87, 1.15) —@—
No diabetes 188/1531 123 5.71 201/1519  13.2 6.21 0.94 (0.77, 1.15) e 0.43
Diabetes 234/1466  16.0 7.54 226/1472  15.4 7.14 1.05 (0.88, 1.26) e
Composite renal end pointt
All patients 108/2997 3.6 2.13 112/2991 3.7 2.23 0.95 (0.73,1.24) — e —
No diabetes 33/1531 22 1.24 38/1519 25 1.47 0.87 (0.54, 1.38) . 0.62
Diabetes 75/1466 5.1 3.09 74/1472 5.0 3.04 1.00 (0.72, 1.38) e
0f5 1 é

Empaglifiozin  Placebo
better  better

Figure 1. Forest plots for the effects of empagliflozin vs placebo on the primary end point and secondary cardiovascular end
points according to the presence or absence of diabetes at baseline.

n corresponds to the number of events in recurrent event analyses and the number of patients with an event for the time to first event analysis.
“Recurrent event analyses are on the basis of the joint frailty model accounting for competing risk of cardiovascular death. tTime to first
occurrence of (1) chronic dialysis; (2) renal transplantation; (3) sustained reduction of >40% in estimated glomerular filtration rate (eGFR); or (4)
sustained eGFR <15 mL/min/1.73m? for patients with baseline eGFR 230 mL/min/1.73m? or <10 mL/min/1.73m? for patients with baseline
eGFR <30 mL/min/1.73m? HHF indicates hospitalization for heart failure; HR, hazard ratio; and PY, patient-years.

those with diabetes; there was no difference between
the prediabetes and normoglycemic groups (—2.1 ver-
sus —2.5 mL/min/1.73m? per year, respectively; Figure
S3). There were relatively few renal composite events
in the placebo group (74 in patients with diabetes and
38 in those without diabetes), with higher placebo inci-
dence rates among those with diabetes than without di-
abetes (3.04 versus 1.47 events per 100 patient-years,
respectively; A<0.01).

Compared with placebo, empagliflozin slowed
eGFR decline during study treatment in patients
with and without diabetes, but with a greater mag-
nitude in those with than in those without diabetes
(adjusted slope/year difference, 1.77 [95% ClI, 1.34,
2.20] versus 0.98 [95% Cl, 0.57, 1.40], respectively;

et =0-01; Figure B). In contrast, the effect of
empagliflozin compared with placebo in reducing the
mean eGFR change from baseline to follow-up 23 to
45 days after treatment discontinuation was similar
in patients with and without diabetes (adjusted mean

Circulation. 2022;146:676-686. DOI: 10.1161/CIRCULATIONAHA.122.059785

eGFR change, 2.3 mL/min/1.73m? [95% ClI, 1.1,
3.4] in diabetes versus 2.6 mL/min/1.73m?2 [95% ClI,
1.5, 3.6] in patients without diabetes; P____ =0.73).
When the group without diabetes was split into pre-
diabetes and normoglycemia, the effects on eGFR
slope were more pronounced in those with diabetes
compared with those with prediabetes or normoglyce-
mia, but similar in the latter two (F’interalction trend across
the 3 categories=0.03; Figure S3). There was no
effect on the risk of the prespecified renal composite
for empagliflozin versus placebo in patients with or
without diabetes observed (hazard ratio, 1.00 [95%
Cl,0.72, 1.38] versus hazard ratio, 0.87 [95% CI, 0.54,

1.38], respectively; P =0.62; Figure 1).

interaction

Change in Body Weight, Blood Pressure, and
Laboratory Outcomes

The effects of empagliflozin compared with placebo
on the change in body weight, blood pressure, and
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Figure 2. Effect of empagliflozin vs placebo on the primary end point of cardiovascular death or first hospitalization for heart

failure in patients with and without diabetes.

Effect of empagliflozin vs placebo on the primary end point of cardiovascular death or first hospitalization for heart failure in (A) patients with
diabetes at baseline and (B) patients without diabetes. HR indicates hazard ratio.

laboratory outcomes are presented in Figures S4 and
Sb5. HbA1c levels decreased with empagliflozin com-
pared with placebo in patients with baseline diabetes
but not in those without (P, . —at week 52<0.01).
Body weight also decreased with empagliflozin both
in patients with and without diabetes, but the magni-
tude of this effect was generally greater in patients
with diabetes (P, ... at week 52=0.02). Hemoglo-
bin increased with empagliflozin compared with pla-
cebo arm in patients with and without diabetes but
systolic blood pressure was not notably affected in ei-
ther of the 2 subgroups. There was a similar decrease
in NT-proBNP levels with empagliflozin compared with
placebo in patients with and without diabetes in the

first weeks (P at week 12=0.30; Figure SbH);

interaction

thereafter, this decrease tended to be greater in pa-
tients with diabetes (P____. at week 52=0.03). Com-
pared with placebo, uric acid concentration decreased
in the empagliflozin arm, less profoundly in patients
with diabetes than in those without diabetes up to

week 100 (all P <0.01; Figure Sb).

interaction

Adverse Events

The occurrence of overall adverse events and those
leading to treatment discontinuation were similar in pa-
tients treated with empagliflozin and placebo but seri-
ous adverse events tended to be lower in patients on
empagliflozin. These results were consistent in patients
with and without diabetes (Table 2). Apart from genital

0.35+
HR, 0.73 (95% Cl, 0.57, 0.94)
0-30+ Placebo
0.25+
0.20
0.15 Empagliflozin
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Mean number of events per patient 3>
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147214491424 1403 1383 1297 1122 991 842 697 511 371 208
1466 1444 1408 1387 1360 1256 1080 953 807 692 523 375 218

0.354
HR, 0.74 (95% ClI, 0.56, 0.97)
0.304
0.254
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Placebo

0.15-

0-104 Empagliflozin

0.05+

Mean number of events per patient [

000 T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36
Months since randomization

Patients at risk
1519 1496 1477 1452 1433 1321 1136 1007 853 717 550 376 240
1531 1518 1505 1482 1457 1348 1167 1024 877 737 558 390 228

Figure 3. Effect of empagliflozin vs placebo on first and recurrent hospitalizations for heart failure in patients with and without

diabetes.

Effect of empagliflozin vs placebo on first and recurrent hospitalizations for heart failure in (A) patients with diabetes at baseline and (B) patients

without diabetes (mean cumulative function). HR indicates hazard ratio.
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Figure 4. Effect of empagliflozin on the primary end point by baseline HbA1c as a continuous variable.

The figure shows the linear association between hemoglobin ATc (HbA1c) and log hazard ratio for the primary end point. The nonsignificant
interaction Pvalue (0.26) indicates that the slope is not significantly different from zero. However, the display makes assumptions about the
linearity that are difficult to validate, and the slope is strongly influenced by a relatively small number of patients with extreme values.

infections, urinary tract infections, and volume depletion
(including hypotension), which occurred more often with
empagliflozin than placebo, the rates of adverse events
were comparable in the treatment arms in patients with
and without diabetes. Similarly, confirmed hypoglycemic
episodes and hypoglycemic episodes requiring assis-
tance occurred more frequently in patients with diabetes
than in those without diabetes, with no difference be-
tween treatment arms (Table S92). Diabetic ketoacidosis
occurred only in patients with diabetes but the rates were

Circulation. 2022;146:676-686. DOI: 10.1161/CIRCULATIONAHA.122.059785

similar in the 2 treatment arms, with 4 (0.3%) cases in the
empagliflozin group and 5 (0.3%) in the placebo group.

DISCUSSION

In this prespecified secondary analysis of EMPEROR-
Preserved in patients with symptomatic HF and an
ejection fraction >40%, the effects of empagliflozin
compared with placebo to reduce the rates of the pri-
mary end point of cardiovascular death or hospitalization
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Figure 5. Adjusted mean changes from baseline in eGFR (CKD-EPI) and mean slope of change in eGFR by treatment status
(empagliflozin or placebo) in patients with and without diabetes at baseline.

Adjusted mean changes from baseline in estimated glomerular filtration rate (eGFR) in the 2 groups are shown as calculated with the Chronic
Kidney Disease Epidemiology Collaboration equation. The bars indicate standard errors. The on-treatment data were analyzed using a mixed

model for repeated measures.

for HF and the secondary end point of total hospitaliza-
tions for HF were consistent in patients with and without
diabetes at baseline. Empagliflozin slowed eGFR decline
in patients with and without diabetes but with a more
pronounced effect among patients with diabetes. When
the subgroup without diabetes was divided into predia-
betes and normoglycemia, treatment effects remained
consistent across these 2 subgroups. In addition, empa-
gliflozin improved health status, increased hemoglobin
levels, and reduced natriuretic peptides, body weight,
and uric acid irrespective of baseline diabetes status,
whereas it reduced HbA1c only in patients with diabetes.

Evidence from clinical trials and registries shows that
diabetes is particularly prevalent in HFpEF In the PAR-
AGON-HF trial (Prospective Comparison of ARNI With
ARB Global Outcomes in HFpEF), diabetes was pres-
ent in 43% of patients at baseline.”® In the Get With The
Guidelines HF registry, diabetes was present in 45%
of patients.'” In accordance with this latter registry, in
the current study, patients with diabetes were younger,
were more frequently men, and had a higher prevalence
of ischemic HF, coronary artery disease, and hyperten-
sion along with more frequent macroalbuminuria and
microalbuminuria compared with those without diabetes.
The fact that people with diabetes had a lower median
NT-proBNP value despite their worse New York Heart
Association class in the current and previous studies
may be explained in part by their higher body mass index,
because obesity has been associated with lower levels of
natriuretic peptides.'? In addition, patients with diabetes
studied herein also had a lower prevalence of atrial fibril-
lation history at baseline compared with those without
diabetes, which may explain further their lower baseline
NT-proBNP values. This finding is in line with previous

684  August 30, 2022

findings: the prevalence of a history of atrial fibrillation
also tended to be lower in patients with versus without
diabetes in the previous HFpEF trial TOPCAT and in
patients with HF with reduced ejection fraction enrolled in
both EMPEROR-Reduced and DAPA-HF (Dapagliflozin
and Prevention of Adverse Outcomes in Heart Failure).%'?

The presence of diabetes has been associated with
worse outcomes in patients with HFpEF. In the TOPCAT
trial, the subgroup of patients with diabetes, obesity, and
chronic kidney disease had the highest rates of cardio-
vascular death and hospitalization for HE' In accor-
dance with these findings, in the current study, patients
with diabetes in the placebo arm had a higher incidence
of HF events, including the composite of cardiovascular
death or hospitalization for HF and first and recurrent
hospitalizations for HF, than those without diabetes. The
same was true for renal function, with a greater rate of
eGFR decline in the placebo arm among patients with
diabetes compared with patients without diabetes. In
contrast, the rates of the primary and key secondary end
points did not differ between patients with prediabetes
and those with normoglycemia at baseline. Interestingly,
these findings contrast those from PARAGON-HF, in
which patients with prediabetes had an intermediate risk
between that of patients with diabetes and those with
normoglycemia for most HF outcomes.' Our findings are
nevertheless consistent with those observed in patients
with HF with reduced ejection fraction enrolled in the
EMPEROR-Reduced trial®> which showed no difference
in risk between patients with prediabetes and those with
normoglycemia. Notably, there were no differences in the
incidence of cardiovascular death across the 3 glycemia
groups. Previous studies, however, including PARAGON-
HF have demonstrated that patients with diabetes have

Circulation. 2022;146:676-686. DOI: 10.1161/CIRCULATIONAHA.122.059785
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Table 2. AEs and SAEs Observed in the 2 Treatment Arms Ac-
cording to the Presence or Absence of Diabetes at Baseline

Placebo (n=2989),
n/N (%)

Empagliflozin

Adverse events (n=2996), n/N (%)

Patients with any AE

No diabetes 1302/1531 (85.0) 1302/1518 (85.8)

Diabetes 1272/1465 (86.8) 1283/1471 (87.2)

Patients with AE leading to discontinuation

No diabetes 281/1531 (18.4) 263/1518 (17.3)

Diabetes 290/1465 (19.8) 288/1471 (19.6)

Patients with SAE

No diabetes 704/1531 (46.0) 745/1518 (49.1)

Diabetes 732/1465 (50.0) 798/1471 (54.2)

Hypotension

No diabetes 174/1531 (11.4) 135/1518 (8.9)

Diabetes 137/1465 (9.4) 122/1471 (8.3)

Volume depletion

No diabetes 195/1531 (12.7) 149/1518 (9.8)

Diabetes 161/1465 (11.0) 137/1471 (9.3)

Acute renal failure

No diabetes 133/1531 (8.7) 162/1518 (10.7)

Diabetes 230/1465 (15.7) 222/1471 (15.1)

Lower limb amputation

No diabetes 1/1531 (0.1) 2/1518 (0.1)

Diabetes 15/1465 (1.0) 21/1471 (1.4)

Genital tract infections

No diabetes 30/1531 (2.0) 8/1518 (0.5)

Diabetes 37/1465 (2.5) 14/1471 (1.0)

Urinary tract infections

No diabetes 149/1631 (9.7) 112/1518 (7.4)

Diabetes 148/1465 (10.1) 131/1471 (8.9)

Adverse events (AEs) are shown up to 7 days after discontinuation of study
medication, but lower limb amputations are shown for the total period. The
search for specified AEs of interest was on the basis of the predefined list of
preferred terms. SAE indicates serious adverse event.

higher mortality rates compared with patients without
diabetes,'® also in the setting of HFpEFR®'7

We demonstrate herein that empagliflozin reduced
the risk of HF outcomes in patients with HFpEF with
or without diabetes at baseline. The EMPEROR-
Reduced trial demonstrated a similar consistent effect
of empagliflozin on HF outcomes in patients with HF
with reduced ejection fraction irrespective of diabetes
status.*'" The results of these 2 trials suggest that
empagliflozin reduces the risk of major HF outcomes
across the spectrum of chronic HF in patients with and
without diabetes.

The magnitude of the effect of empagliflozin to slow
the rate of eGFR decline, compared with placebo, was
greater in patients with diabetes than in those without
diabetes when on-treatment eGFR slope was used
as the outcome. However, the effects on mean eGFR

Circulation. 2022;146:676-686. DOI: 10.1161/CIRCULATIONAHA.122.059785
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change from baseline until after treatment discontinua-
tion was consistent in patients with and without diabetes.

One potential explanation for this discrepancy may be
that the magnitude of the early eGFR dip varies; the first
4 weeks were excluded from the calculation of eGFR
slope, but not in the analysis of baseline to withdrawal
effects. However, whereas in EMPEROR-Reduced,
empagliflozin nearly halved the risk of the renal compos-
ite end point as compared with placebo, in spite of empa-
gliflozin slowing the rate of eGFR decline in the current
EMPEROR-Preserved, a reduction in the prespecified
renal composite end point was not observed in patients
with or without diabetes. It has been proposed that the
explanation behind this finding may be related to the
applied definition of a “major renal event'

Empagliflozin reduced HbA1c levels only in patients
with diabetes and only moderately, with a mean difference
in change as compared with placebo of —0.19% at week
52. This latter result likely reflects good glycemic control
in the diabetes population at baseline with an HbA1c of
7.3%. Hypoglycemic episodes occurred more frequently
in patients with diabetes, whereas diabetic ketoacido-
sis occurred only in these patients, without differences in
the 2 treatment arms. Empagliflozin caused a reduction in
body weight both in patients with and without diabetes, but
the magnitude of this effect was greater in patients with
diabetes, which may be explained by the more profound
glucose and calorie loss expected in these patients. In con-
trast, the effect of the drug on uric acid reduction was less
profound in patients with diabetes than in those without
diabetes. This finding does not support the hypothesis that
the empagliflozin-induced reduction in uric acid is caused
by increased excretion, because this excretion is linked to
glucosuria, which is greater in patients with hyperglycemia.

Although prespecified, this study is a secondary anal-
ysis of a randomized trial and as such its results should
be interpreted with caution.

In patients with symptomatic HF and an ejection frac-
tion >40%, empagliflozin improved HF outcomes in both
patients with and without diabetes. Empagliflozin pro-
vides consistent benefits across the spectrum of chronic
HF and regardless of the presence of diabetes.
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