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The EMPEROR-Preserved trial showed that the sodium-glucose
co-transporter 2 inhibitor empagliflozin significantly reduces the risk of
cardiovascular death or hospitalization for heart failure (HHF) in heart
failure patients with left ventricular ejection fraction (LVEF) >40%. Here,
we report the results of a pre-specified analysis that separately evaluates
these patients stratified by LVEF: preserved (= 50%) (n =4,005; 66.9%) or
mid-range (41-49%). In patients with LVEF >50%, empagliflozin reduced the
risk of cardiovascular death or HHF (the primary endpoint) by 17% versus
placebo (hazard ratio (HR) 0.83; 95% confidence interval (CI): 0.71-0.98,
P=0.024).For the key secondary endpoint, the HR for total HHF was 0.83
(95%Cl: 0.66-1.04, P=0.11). For patients with an LVEF of 41-49%, the HR for
empagliflozin versus placebo was 0.71 (95%CI: 0.57-0.88, P= 0.002) for the
primary outcome (P eraction = 0-27), and 0.57 (95%Cl: 0.42-0.79, P< 0.001)
for total HHF (P, eraction = 0.06). These results, together with those from the
EMPEROR-Reduced trial in patients with LVEF < 40%, support the use of
empagliflozin across the full spectrum of LVEF in heart failure.

Patients with heart failure have historically been classified intotwo  of heart failure, the exact LVEF cut-off demarcating HFpEF and HFrEF
groups based on their left ventricular ejection fraction (LVEF): heart  remains uncertain. Large-scale trials of druginterventionsin patients
failure with reduced ejection fraction (HFrEF) or heart failure withpre- ~ with HFpEF have often used the LVEF inclusion criteria of >40% or >45%
served ejection fraction (HFpEF). Although this dichotomous distinc-  (ref.'). Today, heart failure societies often classify LVEFs of 41-49% as
tion has generally been useful inguiding contemporary management  ‘mildly reduced’ or ‘mid-range’ ejection fraction (HFmrEF)**. Recent
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Table 1| Baseline characteristics of participants with LVEF>50% or 41-49%, overall and by treatment group

HFpEF (LVEF250%) HFmrEF (LVEF 41-49%) Pirorr
Empagliflozin Placebo Overall Empagliflozin Placebo Overall versus
(n=2,002) (n=2,003) (n=4,005) (n=995) (n=988) (n=1,983) HFmrER

Age (years), mean (s.d.) 72.7(9.2) 72.9(9.2) 72.8(9.2) 70.2(9.3) 69.9 (10.0) 701(97) <0.001
Sex (self-reported), n (%)

Female 1,016 (50.7) 1,003 (50.1) 2,019 (50.4) 322(32.4) 335(33.9) 657 (33.1) <0.001

Male 986 (49.3) 1,000 (49.9) 1,986 (49.6) 673 (67.6) 653 (66.1) 1326 (66.9)
BMI (kgm™), mean (s.d.) 30.05 (5.97) 30.20 (6.00) 30.12(5.98) 29.21(5.44) 29.31(5.73) 29.26 (5.58) <0.001
Race, n (%)

White 1,525 (76.2) 1,516 (75.7) 3,041(75.9) 761(76.5) 740 (74.9) 1501 (75.7) 0.003

Black or African American 84 (4.2) 75 (3.7) 159 (4.0) 49 (4.9) 50(5.1) 99 (5.0)

Asian 288 (14.4) 294 (14.7) 582 (14.5) 125 (12.6) 17 (11.8) 242 (12.2)

Other (including mixed) or missing 105 (5.2) 118 (5.9) 223 (5.6) 60 (6.0) 81(8.2) 141 (7.1)
Region, n (%)

North America 279 (13.9) 279(13.9) 558 (13.9) 81(8.1) 80 (8.1) 161(8.1) <0.001

Latin America 457 (22.8) 459 (22.9) 916 (22.9) 301(30.3) 298 (30.2) 599 (30.2)

Europe 890 (44.5) 890 (44.4) 1,780 (44.4) 456 (45.8) 453 (45.9) 909 (45.8)

Asia 249 (12.4) 250 (12.5) 499 (12.5) 94(9.4) 93(9.4) 187 (9.4)

Other 127 (6.3) 125 (6.2) 252 (6.3) 63(6.3) 64 (6.5) 127 (6.4)
Smoking status, n (%)

Never smoked 1,108 (55.3) 1,073 (53.6) 2181(54.5) 470 (47.2) 494 (50.0) 964 (48.6) <0.001

Ex-smoker 779 (38.9) 795 (39.7) 1,574 (39.3) 427 (42.9) 402 (40.7) 829 (41.8)

Current smoker 14 (5.7) 134 (6.7) 248 (6.2) 97 (9.7) 91(9.2) 188 (9.5)

Missing 1(<0.0) 1(<0.) 2(<0.) 1(0.) 1(0.) 2(0)
NYHA class, n (%)

| 2(0) 0 2(<01) 1(01) 1(02) 2(0.1) 058

Il 1,624 (81.1) 1,631(81.4) 3,255 (81.3) 808 (81.2) 820(83.0) 1,628 (82.1)

1l 369 (18.4) 365 (18.2) 734(18.3) 183 (18.4) 166 (16.8) 349 (17.6)

I\ 7(0.3) 7(0.3) 14 (0.3) 3(0.3) 1(0.1) 4(0.2)
Etiology of heart failure, n (%)

Ischemic 587 (29.3) 547 (27.3) 1134 (28.3) 492 (49.4) 491(49.7) 983 (49.6) <0.001

Hypertensive 831(41.5) 859 (42.9) 1,690 (42.2) 235 (23.6) 261(26.4) 496 (25.0)

Other or missing 584 (29.2) 597 (29.8) 1181(29.5) 268 (26.9) 236 (23.9) 504 (25.4)
NT-proBNP (pgml™), median (IQR) 981(481-1,711) 909 (482-1,647) 946 (482-1,677) 1,013 (540-1,868) 1,037 1,025 <0.001

(561-1,912) (550-1,882)

Heart rate (b.p.m.), mean (s.d.) 71(12) 70 (12) 70(12) 70 (12) 71(12) 71(12) 0.056
SBP (mmHg), mean (s.d.) 132 (16) 133 (16) 133 (16) 131(16) 131(15) 131(15) <0.001
DBP (mmHg), mean (s.d.) 76 (11) 75 (11) 75 (11) 76 (10) 77(10) 76 (10) <0.001
eGFR (mlmin™1.73m™), mean (s.d.)  59.4(19.5) 59.5 (19.5) 59.4 (19.5) 63.1(20.1) 63.0(20.6) 63.0(20.3) <0.001
KCCQ-CSS, mean (s.d.) 69.7 (21.3) 69.2 (21.2) 69.5 (21.2) 7.2(21.7) 73.5(19.7) 72.4 (20.7) <0.001
Medical history, n (%)

Hypertension 1,837 (91.8) 1,831(91.4) 3,668 (91.6) 884 (88.8) 872(88.3) 1,756 (88.6) <0.001

Diabetes 957 (47.8) 956 (47.7) 1,913 (47.8) 509 (51.2) 516 (52.2) 1,025 (51.7) 0.004

CKD (eGFR<60mlmin™1.73m>or 1,134 (56.6) 1,093 (54.6) 2,227 (55.6) 481(48.2) 490 (49.6) 971 (49.0) <0.001
UACR>300mgg™)

Baseline hematocrit<median 950 (47.5) 964 (48.1) 2,089 (52.2) 396 (39.8) 414 (41.9) 810 (40.8) <0.001
Atrial fibrillation or flutter 1117 (55.8) 1107 (55.3) 2,224 (55.5) 459 (46.1) 452 (45.7) 911 (45.9) <0.001

Invasive electrophysiological 123 (6.1) 141(7.0) 264 (6.6) 38(3.8) 46 (4.7) 84 (4.2) <0.001
procedure

Valvular heart disease 341(17.0) 313 (15.6) 654 (16.3) 141(14.2) 124 (12.6) 265 (13.4) 0.003
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Table 1(continued) | Baseline characteristics of participants with LVEF>50% or 41-49%, overall and by treatment group

HFpEF (LVEF>50%) HFmrEF (LVEF 41-49%) Puroer
Empagliflozin Placebo Overall Empagliflozin Placebo Overall versus
(n=2,002) (n=2,003) (n=4,005) (n=995) (n=988) (n=1,983) HFmrER
Myocardial infarction 484 (24.2) 467 (23.3) 951(23.7) 408 (41.0) 421(42.6) 829 (41.8) <0.001
PCl or CABG 575 (28.7) 554 (27.7) 1,129 (28.2) 399 (40.1) 386 (39.1) 785 (39.6) <0.001
Heart failure medication, n (%)
ACEIs/ARBs 1,561(78.0) 1,537 (76.7) 3,098 (77.4) 806 (81.0) 801 (81.1) 1,607 (81) 0.001
ARNI 20(1.0) 31(1.5) 51(1.3) 45 (4.5) 38(3.8) 83 (4.2) <0.001
Beta-blockers 1,688 (84.3) 1,687 (84.2) 3,375(84.3) 910 (91.5) 882(89.3) 1,792 (90.4) <0.001
Ivabradine 22(11) 17(0.8) 39(1.0) 18(1.8) 14(1.4) 32(1.6) 0.031
MRAs 663 (33.1) 657 (32.8) 1,320 (33.0) 456 (45.8) 468 (47.4) 924 (46.6) <0.001
Diuretics other than MRA 1,620 (80.9) 1,626 (81.2) 3,246 (81.0) 787(79.) 776 (78.5) 1,563 (78.8) 0.041
Triple therapy® 443 (221) 440 (22.0) 883 (22.0) 372 (37.4) 371(376) 743 (37.5) <0.001
ICD or CRT-D, n (%) 58(2.9) 70(3.5) 128 (3.2) 55 (5.5) 49(5.0) 104 (5.2) 0.002

“Defined as: (ACEI or ARB or ARNI)+(beta-blocker or ivabradine)+MRA. Pvalues are two-sided and are derived from t-tests for continuous variables and chi-squared tests for categorical
variables. No adjustments for multiple testing were made. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor;
BMI, body mass index; CABG, coronary artery bypass graft; CKD, chronic kidney disease; CRT-D, cardiac resynchronization therapy defibrillator; DBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; ICD, implantable cardioverter defibrillator; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire-Clinical Summary Score; LVEF, left ventricular ejection fraction;
MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; SBP, systolic

blood pressure; UACR, urinary albumin-to-creatine ratio.

Events/total Events/100 patient-years Hazard ratio Hazard ratio
Endpoint Placebo  Empagliflozin Placebo Empagliflozin (95% Cl) Pvalue (95% Cl) Pinteraction
Primary endpoint (CV death or HHF)
LVEF 41-49% 193/988 145/995 10.0 7.2 0.71 (0.57-0.88) 0.002 — 057
LVEF >50% 318/2,003  270/2,002 8.0 6.7 0.83 (0.71-0.98) 0.024 —— '
First HHF
LVEF 41-49% 126/988 77/995 6.5 3.8 0.58 (0.44-0.77) <0.001 — 0.093
LVEF >50% 226/2,003  182/2,002 5.7 4.5 0.78 (0.64-0.95) 0.013 — ’
CV death
LVEF 41-49% 100/988 93/995 4.7 4.4 0.92 (0.69-1.22) 0.54 — 088
LVEF >50% 144/2,003  126/2,002 3.4 3.0 0.89 (0.70-1.13) 0.34 — '
All-cause mortality
LVEF 41-49% 167/988 163/995 8.0 7.7 0.96 (0.78-1.19) 0.72 — 0.68
LVEF >50% 260/2,003  259/2,002 6.1 6.1 1.02 (0.86-1.21) 0.84 - ’
Total HHF
LVEF 41-49% 209 122 10.1 5.8 0.57 (0.42-0.79) <0.001 —_— 0.060
LVEF >50% 332 285 7.9 6.8 0.83 (0.66—-1.04) 0.11 — '
T T 1
0.25 0.5 1 2
Favors Favors
empagliflozin placebo

Fig.1| Effect of empagliflozin versus placebo on time-to-first-event outcomes
and total heart failure hospitalizations by LVEF category. Hazard ratios for
the primary endpoint, first hospitalization for heart failure (HHF), cardiovascular
(CV) death and all-cause mortality were calculated using a multivariable Cox

regression model, whereas the hazard ratio for total HHF was calculated using a
joint frailty model with CV death as competing risk, as described in the Methods.
Data are presented as point estimates and 95% Cls with two-sided P values. No
adjustments for multiple testing were made.

guidelines consider patients with signs and symptoms of heart fail-
ure who present with objective evidence of cardiac structural and/or
functional abnormalities along with an LVEF of >50% as having HFpEF*.

Although previous trials of patients with HFpEF failed to meet their
primary endpoints, some trials appeared to show a positive signal. For
instance, trials with angiotensin receptor-neprilysininhibitor (ARNI),
spironolactone and candesartan have reported modest but statistically

non-significant reductions in the risk of the primary outcome of car-
diovascular death or recurrent hospitalizations for heart failure in
the overall HFpEF population®™. Subgroup analyses showed that the
treatment benefit was primarily seen in patients with HFmrEF, and that
there was no significant benefitin the group of patients with HFpEF>*’,

EMPEROR-Preserved (Empagliflozin Outcome Trial in Patients with
Chronic Heart Failure with Preserved Ejection Fraction) studied the
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Fig.2| Comparison of effects of empagliflozin versus placebo on outcomes by LVEF category. Effects are shown for the primary outcome (cardiovascular death or
hospitalization for heart failure) (a), first hospitalization for heart failure (b), cardiovascular death (c) and total hospitalizations for heart failure (d). Detailed results

for all related modeled analyses are shownin Fig. 1.

effects of empagliflozin in patients with heart failure with an ejection
fraction of >40% and identified a clinically meaningful and statistically
significant effect on the primary endpoint of cardiovascular death
or hospitalization for heart failure’. Given the effect modification
by baseline LVEF seen in previous trials, the aim of this pre-specified
analysis of the EMPEROR-Preserved trial was to document the effect of
empagliflozinin patients with HFpEF (that is, LVEF > 50%). We compare
and contrast these results with the results derived from the patients
who had HFmrEF (thatis, an LVEF of 41-49%).

Results

Baseline characteristics

The EMPEROR-Preserved trial enrolled 5,988 patients. Two-thirds
of the patients (n=4,005; 66.9%) had HFpEF at baseline (that is, an
LVEF >50%:2,002 patients in the empagliflozinarmand 2,003 patients
inthe placebo arm). The remaining one-third (n=1,983;33.1%) had an
LVEF of 41-49% (n =995 in the empagliflozin arm and n =988 in the
placebo arm).

In the subgroup of patients with LVEF > 50%, the average age of
the participants was 73 + 9 years, and half (50%) were women (Table 1).
The mean age was 74 + 9 years in women and 72 + 9 years in men. The
mean body mass index (BMI) in this group was 30 + 6 kg m™, and less
than half of the participants (45%) had a history of smoking. The mean
heart rate, systolic blood pressure and diastolic blood pressure were
70 +£12 beats per minute, 133 + 16 mmHg and 75 + 11 mmHg, respec-
tively. The majority of these participants had a history of hyperten-
sion (92%), and approximately half had a history of diabetes (48%),
chronic kidney disease (56%) and atrial fibrillation or flutter (56%).
The majority of the patients were treated with angiotensin-converting
enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs)
(77%),and beta-blockers (84%). One-third of the patients were treated
with mineralocorticoid receptor antagonists (33%). For the patients
with LVEF = 50%, the baseline characteristics were balanced between
the empagliflozin and placebo arms (Table 1).

The baseline characteristics of the patients with LVEF > 50% dif-
fered considerably from those of the patients with LVEF 41-49% (Table
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Fig.3| Comparison of empagliflozin versus placebo for change in eGFR over
time and eGFR slope by LVEF category. Effects are shown for LVEF > 50% (a)
and LVEF 41-49% (b). a, Between-group difference in slope: 1.24 mImin1.73 m™
per year (95% CI: 0.87-1.61, P < 0.0001). b, Between-group difference in slope:
1.61 ml min™1.73 m™per year (95% Cl:1.09-2.13, P< 0.0001). Data are presented
asadjusted mean and standard error. Change in eGFR was analyzed using a mixed
model for repeated measures while the eGFR slope (that is, the rate of change
inthe decrease in eGFR) was analyzed using a random coefficient model, as
described in the Methods.

1). Patients with LVEF > 50% were significantly more likely to be older,
be women, and have a higher BMI. These patients had a higher burden
of hypertension, chronickidney disease, atrial fibrillation and valvular
heartdisease. In contrast, they were significantly less likely to have a his-
tory of diabetes or myocardial infarction. Baseline New York Heart Asso-
ciation (NYHA) functional class did not differ by LVEF category, however,
patients with LVEF > 50% were more likely to have lower N-terminal
pro-brain natriuretic peptide levels. These patients had lower mean
baseline Kansas City Cardiomyopathy Questionnaire-Clinical Summary
(KCCQ-CS) scores. Baseline use of heart failure medications (includ-
ing ACEIs, ARBs, ARNI, beta-blockers and mineralocorticoid receptor
antagonists) was lower in patients with LVEF > 50%.

Efficacy of empagliflozin according to baseline LVEF
In the subgroup of patients with LVEF > 50%, the primary outcome of
the composite of cardiovascular death or hospitalization for heart

failure occurred in 270 participants (13.5%) in the empagliflozin group
and in 318 participants (15.9%) in the placebo group. Empagliflozin
treatment resulted in a statistically significant reductionin the risk of
the primary outcome by 17% compared with placebo (270 of 2,002, 6.7
per 100 patient-years versus 318 of 2,003, 8.0 per 100 patient-years,
respectively; hazard ratio (HR) 0.83, 95% confidence interval (CI):
0.71-0.98, P=0.024; Figs.1and 2a). When the components of the pri-
mary outcome were analyzed separately for patients with LVEF > 50%,
empagliflozin was found to significantly reduce the first hospitaliza-
tions for heart failure by 22% compared with placebo (182 0f 2,002, 4.5
per100 patient-years versus 226 of 2,003, 5.7 per 100 patient-years; HR
0.78,95% Cl: 0.64-0.95, P=0.013), but not cardiovascular mortality
(126 0f 2,002, 3.0 per 100 patient-years versus 144 of 2,003, 3.4 per
100 patient-years; HR 0.89,95% CI: 0.70-1.13, P= 0.34; Figs.1and 2b,c).

For patients with LVEF 41-49% the effect size of empagliflozin com-
pared with placebo for the primary outcome of EMPEROR-Preserved
was 29% (145 0f 995, 7.2 per 100 patient-years versus 193 of 988,10.0 per
100 patient-years; HR 0.71,95% CI: 0.57-0.88, P= 0.002; Figs.1and 2),
and it was 42% for first hospitalizations for heart failure (77 0f 995, 3.8
per 100 patient-years versus 126 of 988, 6.5 per 100 patient-years; HR
0.58,95% CI: 0.44-0.77,P< 0.001; Fig. 1), without an effect on cardiovas-
cular mortality (93 0f 995, 4.4 per 100 patient-years versus 100 of 988,
4.7 per 100 patient-years; HR 0.92, 95% Cl: 0.69-1.22, P= 0.54; Fig.1).

The effect of empagliflozin versus placebo did not significantly
differ between patients with LVEF 41-49% and > 50% for the primary
outcome, first hospitalization for heart failure, or for cardiovascular
mortality (P values for the interaction between treatment and baseline
LVEF category of 0.27,0.09 and 0.88, respectively).

The HR for the effect of empagliflozin on first and recurrent hos-
pitalization for heart failure was 0.83 (95% CI: 0.66-1.04, P=0.11) in
patients with LVEF > 50% and 0.57 (95% CI: 0.42-0.79, P< 0.001) in
patients with LVEF 41-49% (P = 0.06 for the interaction between treat-
ment and baseline LVEF category, Figs.1and 2d).

The number needed to treat to prevent a first hospitalization for
heart failure with empagliflozin compared with placebo over 2.15 years
of treatment was 44 (95% Cl: 24-248) and 20 (95% Cl: 13-40) in the
LVEF >50% and LVEF 41-49% groups, respectively. For total hospitaliza-
tions for heartfailure, the number needed to treat was 38 (95% Cl:15-68)
inthe LVEF = 50% group and 9 (95% CI: 6-25) in the LVEF 41-49% group.

Empagliflozin slowed the decline in slope of estimated glo-
merular filtration rate (eGFR) in the patients with LVEF > 50% by
1.24 mI min™1.73 m™ per year (95% CI: 0.87-1.61, P < 0.001; Fig. 3a)
and in the patients with LVEF 41-49% by 1.61 ml min™ 1.73 m per year
(95% ClI:1.09-2.13, P< 0.001; Fig. 3b). The treatment effect was similar
in the two subgroups (P = 0.25 for heterogeneity across subgroups).

Empagliflozin had no significant effect on time to all-cause mortal-
ityin patients with LVEF > 50% (HR1.02;95% Cl: 0.86-1.21,P=0.84) orin
patients with LVEF 41-49% (HR 0.96; 95% CI: 0.78-1.19,P=0.72; P= 0.68
for the interaction between treatment and baseline LVEF category).

Figure 4 shows the results for the primary endpoint and its com-
ponents as well as the total (first and recurrent) hospitalizations for
heart failure and eGFR slope by 5% increments of LVEF for patientsin
EMPEROR-Preserved with an LVEF > 50%.

In the overall trial cohort of EMPEROR-Preserved, empagliflozin
significantlyimproved mean KCCQ-CS score from baseline compared
with placebo at weeks 12,32 and 52 (adjusted mean differences of1.03
(95%CI:0.32-1.74),1.24 (95% CI: 0.44-2.04) and 1.50 (95% CI: 0.64-2.36),
respectively)™. This effect was consistent between participants with
LVEF > 50% and those with LVEF 41-49% (all P, icraction = 0.35) (Table
2). Similar findings were seen when KCCQ total summary score and
overallsummary score were studied (Table 2). Patients with LVEF > 50%
had a 34% higher likelihood of being in alower NYHA class at week 52
(P<0.001) when treated with empagliflozin. Patients treated with
empagliflozin had higher odds of improving NYHA class at week 52
(odds ratio (OR) 1.32; 95% CI:1.10-1.56, P= 0.0033) and lower odds
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no. of events/no. of patients

a (events/100 patient-years)
Pvalue
Empagliflozin Placebo HR (95% Cl) for trend
Time to first event of adjudicated CV death or HHF
LVEF >50 to <55% 76/504 (7.5) 97/545 (9.0) @ 0.86 (0.64-1.17)
LVEF >55 to <60% 62/524 (5.9) 76/485 (7.9) —@ 0.74 (0.53-1.04)
LVEF >60 to <65% 72/546 (6.5) 85/536 (8.0) - @ 0.80 (0.58-1.10) 0.91
LVEF >65 to <70% 41/263 (8.1) 32/283 (5.8) -+ 1.34 (0.84-2.12)
LVEF >70% 19/165 (5.6) 28/154 (9.4) —— 0.57 (0.32-1.02)
Time to first event of adjudicated HHF
LVEF >50 to <55% 44/504 (4.3) 63/545 (5.8) —@ 0.78 (0.53-1.15)
LVEF >55 to <60% 43/524 (4.1) 59/485 (6.1) —@— 0.64 (0.43-0.95)
LVEF >60 to <65% 47/546 (4.3) 59/536 (5.6) —@r 0.75 (0.51-1.09) 0.51
LVEF >65 to <70% 33/263 (6.5) 22/283 (4.0) —@®—  1.55(0.90-2.65)
LVEF >70% 15/165 (4.4) 23/154 (7.8) —— 0.55 (0.29-1.06)
Time to CV death
LVEF >50 to <55% 38/504 (3.6) 53/545 (4.5) —@— 0.82 (0.54—-1.25)
LVEF >55 to <60% 28/524 (2.5) 32/485 (3.1) —@— 0.85 (0.51-1.41)
LVEF >60 to <65% 37/546 (3.2) 33/536 (2.9) 1.15 (0.72-1.84) 0.75
LVEF >65 to <70% 15/263 (2.7) 16/283 (2.7) 0.92 (0.46-1.87)
LVEF >70% 8/165 (2.2) 10/154 (3.1) —_—— 0.66 (0.26—1.68)
Total HHF
LVEF >50 to <55% 58/504 91/545 —@— 0.70 (0.45-1.09)
LVEF >55 to <60% 71/524 91/485 —@— 0.62 (0.40-0.96)
LVEF >60 to <65% 69/546 70/536 —0— 1.04 (0.67-1.63) 0.29
LVEF >65 to <70% 64/263 37/283 —@&—— 1.81(1.02-3.21)
LVEF >70% 23/165 43/154 —— 0.41 (0.20-0.86)
T T T T 1
0.125 0.25 0.5 1 2 4
Favors empagliflozin Favors placebo
b - 2
(mimin”1.73 ") per year Mean difference Pvalue
Empagliflozin Placebo (95% ClI) for trend
Slope of the decrease
in eGFR
LVEF >50 to <55% -1.14 -2.49 — Q@ 1.35 (0.63-2.07)
LVEF >55 to <60% -1.32 —2.87 —@— 1.56 (0.82-2.30)
LVEF >60 to <65% -1.57 -2.65 —Q— 1.07 (0.37-1.78) 0.38
LVEF >65 to <70% -1.25 —2.26 —— 1.02 (0.01-2.02)
LVEF >70% -1.82 -2.86 -+ 1.04 (-0.21-2.29)
[ T 1

Favors placebo

Fig. 4 | Comparison of empagliflozin versus placebo for outcomes by LVEF
subgroupsin patients with LVEF > 50%. Effects are shown for the first event
of cardiovascular (CV) death or hospitalization for heart failure (HHF), first HHF,
CVdeath and total HHF (a), and the slope of change in eGFR (b) for patients in

T
-1 0 1 2 3
Favors empagliflozin

subgroups of LVEF from 50% to 70%. Data for the clinical events are presented
as point estimates and 95% confidence intervals (Cls); data for the difference in
slope of eGFR are presented as mean values and 95% Cls.

of worsening NYHA class at week 52 (OR 0.74; 95% CI: 0.54-1.01,
P=0.0606) (Extended Data Fig.1).

Discussion

Inpatients with heart failure and LVEF > 50%, empagliflozin significantly
reduced the risk of cardiovascular death or hospitalization for heart
failure by 17%. This was predominantly driven by areductionin the risk

of first hospitalization for heart failure. Empagliflozin significantly
reduced the rate of decline in eGFR and also improved health-related
quality of life and functional class in these patients. The participants
with LVEF > 50% had some notably different clinical characteristics
compared with those with LVEF < 50%, in that they were older, had a
different burden of comorbidities (including lower incidence of previ-
ous myocardial infarction and ischemic etiology of heart failure, and
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Table 2 | Treatment effect on KCCQ summary scores by LVEF category

LVEF 41-49% (n=1,983) Pvalue LVEF>50% (n=4,005) Pvalue P, raction”
Empagliflozin (n) Placebo Difference between Empagliflozin (n) Placebo Difference between
(n) empagliflozin and (n) empagliflozin and
placebo placebo

KCCQ-CSS, mean change from baseline (95% CI)

Week 12 943 909 0.54 (-0.70-1.78) 0.39 1,903 1,908 1.27 (0.40-2.14) 0.004 0.35

Week32 867 842 1.21(-019-2.62) 0.090 1,749 1,734 1.24(0.26-2.22) 0.013 0.97

Week 52 801 795 1.56 (0.05-3.06) 0.043 1,672 1,662 1.46 (0.42-2.51) 0.006 0.92
KCCQ-TSS, mean change from baseline (95% Cl)

Week 12 943 909 1.24 (-0.14-2.62) 0.078 1,903 1,908 2.01(1.05-2.98) <0.001 0.37

Week32 867 842 1.33(-0.20-2.85) 0.088 1,749 1,733 1.60 (0.54-2.67) 0.003 0.77

Week 52 801 795 1.91(0.29-3.53) 0.021 1,671 1,662 214 (1.02-3.26) <0.001 0.82
KCCQ-0SS, mean change from baseline (95% Cl)

Week 12 943 909 013 (-1.10-1.36) 0.84 1,903 1,908 1.57 (0.71-2.43) <0.001 0.060

Week 32 867 842 113 (-0.24-2.51) omn 1,749 1,734 172 (0.76-2.68) <0.001 0.49

Week 52 801 795 1.55 (0.08-3.03) 0.039 1672 1,662 1.63 (0.60-2.65) 0.002 0.93

Pvalues are two-sided. No adjustments for multiple testing were made. Data are based on a mixed model with repeated measures that included age and baseline eGFR as linear covariates,
and region, diabetes status, sex, week reachable, visit-by-treatment-by-LVEF subgroup interaction and baseline KCCQ summary score-by-visit interaction as fixed effects. eGFR, estimated
glomerular filtration rate; LVEF, left ventricular ejection fraction; KCCQ, Kansas City Cardiomyopathy Questionnaire; CSS, Clinical Summary Score; TSS, Total Summary Score; OSS, Overall

Summary Score. °Interaction of treatment by LVEF category

higherincidence of kidney disease) and were more likely to be women.
Participants with LVEF > 50% also had lower quality of life (lower mean
KCCQscore).

Several other trials have assessed therapies in patients with
HFpEF (Extended Data Fig. 2). The CHARM (Candesartan in Heart
Failure: Assessment of Reductionin Mortality and Morbidity) program
included 1,953 patients with true HFpEF (LVEF > 50%)°. In these patients,
candesartan did not reduce the composite of cardiovascular death or
hospitalization for heart failure (HR 0.95; 95% CI: 0.79-1.14, P= 0.57).
The TOPCAT (Treatment of Preserved Cardiac Function Heart Failure
With an Aldosterone Antagonist) trial of spironolactone included 2,924
patients with LVEF > 50%°. No benefit for cardiovascular death or hospi-
talization for heartfailure for spironolactone versus placebo was shown
intheseindividuals (estimated HR 0.93; 95% Cl: 0.79-1.10). Similarly, in
the PARAGON-HF (Prospective Comparison of ARNIwith ARB Global
Outcomes in HF with Preserved Ejection Fraction) trial’, the combina-
tion of sacubitril and valsartan did not reduce cardiovascular death or
hospitalization for heart failurein the subgroup of 4,067 patients with
LVEF >50% (HR 0.94; 95% CI: 0.82-1.08, P=0.38)". Indirect comparison
with thelatter trial, the HR for cardiovascular death or hospitalization
for heart failure with empagliflozin versus placebo was 0.82 (95% Cl:
0.69-0.98, P=0.026) inthe 3,501 patientsin EMPEROR-Preserved with
LVEF > 50% (a subset of those with LVEF > 50%) (Extended Data Table 1).

Of note, the effect of empagliflozin versus placebo on total (first
andrecurrent) hospitalizations for heart failure hasbeen shown to be
consistent in most of the pre-specified subgroups, but an interaction
between treatment and LVEF (P, = 0.008) was observed for this end-
point, withanattenuated response in patients with an LVEF > 60% con-
sidering datafrom EMPEROR-Preserved™" or from EMPEROR-Pooled”.
Here, itis shown that the effect of empagliflozin versus placebois less
pronounced in patients with LVEF > 50% than in patients with LVEF
41-49% for first hospitalization for heart failure (22% versus 42% reduc-
tion, respectively; Py eraction = 0-09), and for total hospitalizations for
heart failure (17% versus 43%; Piyeraction = 0-06), which would support
this previous observation. For the primary endpoint therisk reduction
with empagliflozinin the two LVEF subgroups was17%in patients with
LVEF > 50%and 29% in patients with an LVEF of 41-49% (P,eraction = 0-27).

For sotagliflozin a significant reduction in the composite end-
point of cardiovascular death, total hospitalizations for heart failure,
or urgent visits for heart failure was demonstrated in heart failure
patients with an LVEF > 50% who all had diabetes in a pooled analysis
of 739 patients from the SCORED (Sotagliflozin on Cardiovascular
and Renal Events in Patients with Type 2 Diabetes and Moderate Renal
Impairment Who Are at Cardiovascular Risk) and SOLOIST-WHF (Sotag-
liflozin on Cardiovascular Eventsin Patients with Type 2 Diabetes Post
Worsening Heart Failure) trials'®. Neither SCORED nor SOLOIST-WHF
was aspecific HFpEF study; the trials were stopped early; the analyses
were post hoc; and the population studied represented <8% of the
total number of enrolled patients. The PRESERVED HF study showed
that dapagliflozin improved patient-reported symptoms, physical
limitations and exercise function in patients with LVEF > 45%". The
DELIVER (Dapagliflozin Evaluation to Improve the Lives of Patients
with Preserved Ejection Fraction Heart Failure) study'® will be impor-
tant to establish whether improvements in outcomes in heart failure
patients with LVEF > 50% could be a class effect of sodium-glucose
co-transporter 2 (SGLT2) inhibitors.

Early trials studying treatments for HFrEF included patients with
LVEFs of <35% or <40%. By contrast, early HFpEF trials often used an
LVEF cut-off of >45% or >50%. This resulted in patients with HFmrEF
(LVEF 41-49%) being poorly studied in trials'. The present analysis
shows that empagliflozin significantly reduces the composite out-
come of cardiovascular death or hospitalization for heart failure as
well as first hospitalization for heart failure in patients with an LVEF
between 41% and 49%. Thus, although patients with mildly reduced
LVEF may have clinical characteristics that are intermediate between
classic HFrEF and HFpEF, these patients seem to respond to the four
foundational treatments of heart failure therapy in a fashion similar
to patients with HFrEF. Thus, designation of HFmrEF as a separate
category to HFrEF may not be relevant from a clinical perspective®.

Finally, empagliflozin slowed the decline ineGFR to asimilar extent
in patients with LVEF > 50% and those with LVEF 41-49%. In both sub-
groups an initial decrease compared with placebo was followed by
slower long-termdecline, an effect that has been consistently observed
with SGLT2 inhibitors.
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This study has certain strengths and limitations. Notably, it was
apre-specified analysis of the largest randomized, double-blind trial
of adrugintervention for heart failure in patients with LVEF > 40%.
However, ejection fraction was not measured in a central laboratory
and thus was subject to the normal variability of clinical practice.
Furthermore, interpretation of treatment effect in the LVEF > 50%
group compared with the LVEF 41-49% group was based on a cut-off
of 0.05 for interaction P values. Finally, our comparison of the
efficacy of different therapies in patients with LVEF >50% (or
similar ejection fraction range) should be interpreted cautiously,
given the differences in patient characteristics and study design
across trials.

Inconclusion, inthis subgroup analysis of the EMPEROR-Preserved
trial, empagliflozin significantly improved the composite of cardio-
vascular death or hospitalization for heart failure in patients with
HFpEF with LVEF > 50% (relative reduction versus placebo of 17%); how-
ever, the treatment effect appeared to be less pronounced compared
with patients with LVEF 41-49% (relative reduction, 29%), although
the difference was not statistically significant (P= 0.27). This benefit
was driven largely by a reduction in hospitalizations for heart failure
(number needed to treat over 2.2 years: 44 and 20 in patients with
LVEF > 50% and LVEF 41-49%, respectively), but empagliflozin also
improved health-related quality of life and functional class. These
observations represent the first demonstration of a clinically meaning-
ful and statistically significant improvement for any drug in patients
with HFpEF who have an LVEF > 50%, and when considered together
with the results of EMPEROR-Reduced, our findings support the use of
empagliflozinacross the full spectrum of ejection fractions in patients
with heart failure.

Online content

Any methods, additional references, Nature Research reporting sum-
maries, source data, extended data, supplementary information,
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tributions and competing interests; and statements of data and code
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Methods
Study design
The design and primary results of the EMPEROR-Preserved trial
(ClinicalTrials.gov identifier: NCT03057951) have been published
previously'®?. Ethics approval was obtained at each study site, and all
patients provided informed consent to participate in the study. Data
will be made available on request in adherence with transparency
conventions in medical research and through requests to the corre-
sponding author. The executive committee of EMPEROR has developed
acomprehensive analysis plan and numerous pre-specified analyses,
whichwill be presented in future scientific meetings and publications.
Atalater pointintime, the full database willbe made availablein adher-
ence withthe transparency policy of the sponsor (available at https://
trials.boehringer-ingelheim.com/transparency_policy.html).
EMPEROR-Preserved was a double-blind, randomized,
placebo-controlled, and event-driven clinical trial designed to assess
the safety and efficacy of empagliflozin for the treatment of HFpEF. Key
inclusion criteriaincluded chronic heart failure (NYHA classII-1V), an
LVEF of >40% (and no prior measurement of LVEF < 40% under stable
conditions), an elevated N-terminal prohormone B-type natriuretic
peptide level at screening of >300 pg ml™ (>900 pg ml™ for patients
with baseline atrial fibrillation), and either hospitalization for heart
failure in the past 12 months or structural abnormalities on echocar-
diography (left atrial enlargement or left ventricular hypertrophy).
A total of 5,988 participants were enrolled and randomly assigned
(in a1:1 manner) to receive either empagliflozin 10 mg or placebo, in
addition to usual therapy. Randomization was stratified by the follow-
ing variables: LVEF > or <50; diabetes status at screening; eGFR > or
<60 ml min1.73 m%; and geographical region (North America, Latin
America, Europe, Asia, and other). Participants were followed for the
occurrence of pre-specified clinical outcomes for the entire duration
ofthetrial, regardless of adherence to study protocol, unless consent
was withdrawn or the participant was lost to follow-up. The median
follow-up time in EMPEROR-Preserved was 26.2 months (interquartile
range, 18.1-33.1).

Categorization of ejection fraction at baseline

Baseline LVEF was to be determined during screening using the most
recent assessment in the past 6 months or an assessment during
screening. LVEF assessment using echocardiography, radionuclide
ventriculography, invasive angiography, magnetic resonanceimaging
or computed tomography was acceptable. For the present analysis,
patients were categorized into two groups based on baseline LVEF in
which true HFpEF was defined as LVEF > 50% and HFmrEF was defined
asLVEF 41-49%, according to the 2021 European Society of Cardiology
guidelines on heart failure*. Aknown prior LVEF of <40% was an exclu-
sion criterion for recruitment into the EMPEROR-Preserved study. Of
note, two patients with baseline LVEF of 40% were included in the trial
andincluded in the group of LVEF 41-49%.

Outcomes of interest

Thefollowing clinical outcomes were of interestin the present study: (1)
the primary composite endpointin EMPEROR-Preserved of the time to
cardiovascular death or afirst event of hospitalization for heart failure;
(2) first hospitalization for heart failure; (3) cardiovascular mortality
(both (2) and (3) were secondary endpoints of EMPEROR-Preserved); (4)
total (first and recurrent) hospitalization for heart failure; and (5) the
rate of change in the eGFR slope (both (4) and (5) were key secondary
endpoints). The change in health-related quality of life was assessed
using the KCCQ-23*, which was completed at randomizationand at12,
32 and 52 weeks of follow-up. All three summary scores of the KCCQ-
23 were evaluated: the total symptom score (TSS), which quantifies
symptom severity and frequency; the clinical summary score (CSS),
which consists of the symptom and physical function domains; and
the overall summary score (0OSS), whichincludes the CSS as well asthe

quality of life and social limitation domains. In addition, NYHA class
was analyzed at baseline and at week 52.

Statistical analysis

All clinical data were captured using the electronic data capture
system RAVE. SAS v9.4 was used for all analyses. Baseline charac-
teristics of patients in each LVEF category (41-49% and > 50%) were
analyzed descriptively. Categorical variables were summarized as
frequencies and percentages and compared between the two LVEF
categories using the chi-squared test, while continuous variables
were summarized as means and standard deviations and compared
using the t-test.

All outcomes were analyzed according to the intention-to-treat
principle. The effect of empagliflozin versus placebo on
time-to-first-event outcomes was analyzed using a multivariable Cox
regression model and presented as HRs and 95% Cls. The effect of
empagliflozin on total hospitalizations for heart failure was analyzed
usingajoint frailty model, with cardiovascular death as competing risk.
Inboth cases the multivariable models were adjusted for the following
baseline characteristics: age, sex, eGFR, diabetes status, and region.
The number needed to treat to prevent one event per 2.15 years at risk
was calculated using the exponential distribution for the first event
and the negative binomial model for recurrent events.

As pre-specified, the change in eGFR slope was analyzed based
on on-treatment data, using a random coefficient model that ena-
bled the intercept and gradient to vary randomly between patients.
The analysis modelincluded age, baseline eGFR, sex, diabetes status,
region, baseline eGFR x time interaction, treatment x LVEF subgroup
interactionand time x treatment x LVEF subgroup interaction as covari-
ates. Change in eGFR over time was analyzed using a mixed model for
repeated measures thatincluded age, sex, diabetes status, region, week
reachable, time x treatment x LVEF subgroup interaction and baseline
eGFR x time interaction as covariates.

KCCQ summary scores (TSS, CSS and OSS) were analyzed using
amixed model with repeated measures. This model included age and
baselineeGFRaslinear covariates and region, diabetes status, sex, week
reachable, visit x treatment x LVEF subgroup interaction and baseline
KCCQ summary score x visit interaction as fixed effects. NYHA func-
tional class was analyzed using a partial proportional odds regression
model adjusted for the same variables used in the Cox regression model
and baseline NYHA class, assuming proportionality for all covariates
exceptregion and baseline NYHA class. Inaddition, improvement and
deterioration of NYHA class were analyzed using logistic regression
with the same covariates.

Consistency of treatment effects across the two LVEF groups was
evaluated by adding subgroup x treatment interaction terms to the
models. Results with two-sided P < 0.05 are described as statistically
significant. No adjustments for multiple testing were made.

For comparisons with other trials, time to cardiovascular death
or first hospitalization for heart failure (or similar endpoint) in HFpEF
patients was taken from published data for the CHARM-Preserved’,
DIG?, I-Preserved** and PARAGON-HF" trials. For the TOPCAT trial,
published data for LVEF 50-54.99% (HR 0.85, 95% Cl: 0.61-1.18), LVEF
55-59.99% (HR 0.94,95% CI: 0.68-1.29) and LVEF > 60% (HR 0.97,95% Cl:
0.76-1.23)* were meta-analyzed using a fixed-effects model to derive a
pooled HR 0f 0.93 (95% CI: 0.79-1.10) for LVEF > 50%.

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

Data availability

To ensure independent interpretation of clinical study results and
enable authors to fulfill their role and obligations under the ICMJE
criteria, Boehringer Ingelheim grants all external authors access to
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clinical study data pertinent to the development of the publication. In
adherence with the Boehringer Ingelheim Policy on Transparency and
Publication of Clinical Study Data, scientific and medical researchers
canrequestaccessto clinical study datawhenitbecomes available on
https://vivli.org/, and earliest after publication of the primary manu-
script in a peer-reviewed journal, regulatory activities are complete,
and other criteria are met. Please visit https://www.mystudywindow.
com/msw/datasharing for further information.
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Weeks since randomization

Empagliflozin: 294/1953
Placebo: 262/1955

Empagliflozin: 60/1950
Placebo: 80/1948
Extended Data Fig. 1| Effect of empagliflozin versus placebo on changes
inNYHA functional class in patients with LVEF > 50%. Odds ratios were
calculated using a multivariable Cox regression model. Data are presented as
point estimates and 95% Cls with two-sided P values. No adjustments for multiple
testing were made. Patients treated with empagliflozin had higher odds of

Improvement (n/N)

Deterioration (n/N)

Empagliflozin: 359/1864 Empagliflozin: 378/1804
Placebo: 309/1873 Placebo: 319/1814
Empagliflozin: 60/1862 Empagliflozin: 72/1802
Placebo: 94/1868 Placebo: 97/1810

improving NYHA class at week 52 (odds ratio 1.32[95% CI: 1.10-1.56]; P= 0.0033)
and lower odds of worsening NYHA class at week 52 (odds ratio 0.74 [95% CI:
0.54-1.01]; P=0.0606). LVEF, left ventricular ejection fraction; NYHA, New York
Heart Association.
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0 Vs placebo vs placebo Vs placebo vs placebo Vs valsartan vs placebo
CHARM-Preserved DIG (ancillary) I-PRESERVE TOPCAT PARAGON-HF EMPEROR-Preserved
(2003)° (2006 (2008) (2014 (2019)2 (2021)
B)
Sthd CHARM-Preserved DIG (ancillary) I-PRESERVE* TOPCAT PARAGON-HF EMPEROR-Preserved
Y (LVEF 250%) (LVEF 250%) (LVEF 245%) (LVEF 250%) (LVEF >50%) (LVEF 250%)
Time to first event of HHF or CV death
I 8.6vs. 9.1 N/A* 5.48vs. 5.74 N/AS N/AT 6.7 vs. 8.0
active vs. controlt
0.95 0.92 0.96 0.93 0.94 0.83
HR (95% CI) (0.79, 1.14) (0.71, 1.20) (0.84, 1.09) (0.79,1.10)1 (0.82, 1.08) (0.71, 0.98)

*Endpoint is death from HF or HHF, and is for patients with LVEF 245%. TEvent rate per 100 patient years. ¥N/A, incidence rates not found. SN/A, incidence rate for the
subgroup with LVEF 250% not available; however, for LVEF 245% the rates are 5.9 vs 6.6. 'Estimate based on meta-analysis as described in the Methods. IN/A, event rates
for total HHF or CV death are 12.8 vs.14.1, respectively, derived from Novartis Pharmaceuticals FDA Advisory Committee Briefing Document Entresto® (sacubitril/valsartan)
15-Dec-2020.

Extended DataFig. 2| The effect of different heart failure therapies tested LVEF > 50%. Panel A shows treatment effect sizes, and Panel B provide hazard

in specific trials aiming to recruit HFpEF patients. Known and estimated ratios and event rates as are available. Cl, confidence interval; CV, cardiovascular;
treatment effects for the composite endpoint of the time to a first event of HF, heart failure; HHF, hospitalization for heart failure; HR, hazard ratio; LVEF, left
cardiovascular death or HHF are displayed for the subgroup of patients with ventricular ejection fraction.
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Extended Data Table 1| Effect of empagliflozin versus placebo on clinical outcomes in the EMPEROR-Preserved trial and of
sacubitril/valsartan versus valsartan in the PARAGON-HF trial'? in patients with left ventricular ejection fraction >50%

Sacubitril/valsartan vs. valsartan Empagliflozin vs. placebo
in PARAGON-HF? in EMPEROR-Preserved
(N=4,067) (N=3,501)

_ o [869 events] [507 events]
e osptalzaton o HR 0.4 R 022
cardiovasculardeath (95% CI 0.82, 1.08) (95% CI 0.69, 0.98)

P=0.38 P =0.0263
[692 events] [357 events]
First hospitalization for HR 0.93 HR 0.79
heart failure (95% CI 0.80, 1.08) (95% CI 0.64, 0.97)
P=0.35 P =0.0242
[316 events] [226 events]
Cardiovascular death ki i 850
(95% CI1 0.77, 1.20) (95% CI1 0.69, 1.17)
P=0.71 P=043
[1233 events] [553 events]
Total hospitalizations for RR 0.88 HR 0.82
heart failure (95% CI 0.73, 1.06) (95% CI 0.64, 1.04)
P=0.18 P=0.11
o [1549 events] [778 events]
Tote hosplzetions o RR 030 HR 087
cardiovasetlandeath (95% CI 0.76, 1.06) (95% CI1 0.71, 1.07)
P=0.19 P=0.18

Data are presented as point estimates and 95% Cls. Data for sacubitril/valsartan were calculated as described by Solomon et al” (including the method of Lin et al* to analyze total HHF and
total HHF and CV death). For empagliflozin, HRs for first HHF or CV death, first HHF, and CV death were calculated using a multivariable Cox regression model while the HR for total HHF was
calculated using a joint frailty model (both described in the Methods) and the HR for total HHF and CV death was calculated according to Lin et al**; P values are two-sided and no adjustments
for multiple testing were made. Cl, confidence interval; CV, cardiovascular; HHF, hospitalization for heart failure, HR, hazard ratio; RR, rate ratio.

Nature Medicine


http://www.nature.com/naturemedicine

nature portfolio

Corresponding author(s): Stefan D. Anker

Last updated by author(s): Aug 16, 2022

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

X

A description of all covariates tested

X X

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

XXX O OO0 000F
X

oo

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  All clinical data were captured using the electronic data capture system RAVE.

Data analysis SAS® Version 9.4 was used for all analyses.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Lc0c Y21o

To ensure independent interpretation of clinical study results and enable authors to fulfill their role and obligations under the ICMIJE criteria, Boehringer Ingelheim
grants all external authors access to clinical study data pertinent to the development of the publication. 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 when it becomes available on




https://vivli.org/, and earliest after publication of the primary manuscript in a peer-reviewed journal, regulatory activities are complete, and other criteria are met.
Please visit https://www.mystudywindow.com/msw/datasharing for further information.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender The findings apply to both sexes, sex was identified by self-report, and the analytical models included sex as a covariate, as
described in the manuscript.

Population characteristics Participants were men or women, 18 years of age or older, who had New York Heart Association functional class lI-IV chronic
heart failure and a left ventricular ejection fraction of more than 40%. The protocol required patients to have an N-terminal
pro—B-type natriuretic peptide (NT-proBNP) level of more than 300 pg per milliliter or, for patients with atrial fibrillation
at baseline, an NT-proBNP level of more than 900 pg per milliliter. Patients were excluded if they had a disorder
that could change their clinical course, independent of heart failure, or if they had any condition that might jeopardize
patient safety or limit their participation in the trial.

Recruitment Patients were recruited as outpatients from the pool of heart failure patients from a given site, if fulfilling the inclusion/
exclusion criteria. Any self-selection bias or other bias would be a function of the characteristics of patients presenting during
the recruitment period and the judgement of the investigators, but would be very unlikely to be imbalanced between

treatment arms, given the multicentre, double-blind, randomized trial design.

Ethics oversight Ethics approval was obtained at each study site, and all patients provided informed consent to participate in the study

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size This was a secondary analysis of the EMPEROR-Preserved trial in which the following sample size calculation was performed, as previously
reported (Anker SD, et al. N Engl J Med 2021;385:1451-1461). For this event-driven study, we determined that a target number of 841
adjudicated primary outcome events would provide 90% power to detect a hazard ratio of 0.8 for the primary outcome at a two-sided alpha
level of 0.05. Assuming an annual 10% event rate in the placebo group, a recruitment period of 18 months, and a follow-up period of 20
months, we established a planned enrollment of 4126 patients, with the option of enrolling up to 6000 patients if the accumulation of primary
outcome events was slower than expected. Accordingly, on the basis of monitoring of the primary outcome event rate during the trial, the
number of patients who underwent randomization was increased to at least 5750, without any change in the target number of events. The
increase in sample size was made without any knowledge of unblinded trial data.

Data exclusions  No data were excluded from the already published 5988 patients enrolled in EMPEROR-Preserved
Replication Replication is not relevant as this is a single study in which key events (e.g. death) happened only once.
Randomization  Inthe original study, patient assignment to the treatment group was determined by a computer generated random sequence

Blinding Patients, investigators and everyone involved in trial conduct or analysis or with any other interest in this double-blind trial remained blinded
with regard to the randomised treatment assignments until after database lock.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

>
Q
—
(e
(D
1®)
(@)
=
S
c
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<




Materials & experimental systems Methods

Involved in the study n/a | Involved in the study

|:| Antibodies |Z |:| ChiIP-seq

|:| Eukaryotic cell lines |:| Flow cytometry

|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging

|:| Animals and other organisms

Clinical data

|:| Dual use research of concern

XOXXNXNX &

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

>
Q
—
(e
(D
1®)
(@)
=
S
c
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Clinical trial registration  NCT03057951
Study protocol Study protocol included as supplementary materials

Data collection Recruitment and follow-up was from March 27, 2017 until April 13, 2020 at 622 study sites in 23 countries, including hospitals,
medical centres, clinics, and clinical research centres. Data was captured with an electronic case report form.

Outcomes In this analysis the main outcomes were [i] the primary composite endpoint from the study of the time to a first event of
hospitalization for heart failure (HHF) or cardiovascular death; [ii] first HHF; [iii] cardiovascular mortality; [iv] total (first and recurrent)
HHF; and [v] the rate of change in the eGFR slope. The change in health-related quality of life was assessed using Kansas City
Cardiomyopathy Questionnaire 23 (KCCQ-23).

These outcomes were pre-defined in the protocol, as follows.
5.1.1 Primary endpoint(s)
The composite primary endpoint for this trial is the time to first event of adjudicated CV death or adjudicated HHF in patients with
Heart Failure with preserved Ejection Fraction (HFpEF).
5.1.2 Secondary endpoint(s)
The key secondary endpoints which are part of the testing strategy, are the following:
1. Occurrence of adjudicated HHF (first and recurrent),
2. eGFR (CKD-EPI)cr slope of change from baseline
Other secondary endpoints (not part of confirmatory testing hierarchy on trial level) are the following:
- Time to first occurrence of chronic dialysis or renal transplant or sustained* reduction of 240% eGFR (CKD-EPI)cr or
- sustained eGFR (CKD-EPI)cr <15 mL/min/1.73 m2 for patients with baseline eGFR >30 mL/min/1.73 m2
- sustained eGFR (CKD-EPI)cr <10 mL/min/1.73 m2 for patients with baseline eGFR <30 mL/min/1.73 m2
*An eGFR (CDK-EPI)cr reduction is considered sustained, if it is determined by two or more consecutive post-baseline central
laboratory measurements separated by at least 30 days (first to last of the consecutive eGFR values).
Chronic dialysis is defined as dialysis with a frequency of twice per week or more often for at least 90 days.
- Time to first adjudicated HHF
- Time to adjudicated CV death
- Change from baseline in clinical summary score (HF symptoms and physical limitations domains) of the Kansas City Cardiomyopathy
Questionnaire (KCCQ) at week 52
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