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Abstract

Background In the EMPACT-MI trial, empagliflozin did not reduce the primary endpoint of all-cause mortality or hospitali-
zation for heart failure (HHF) following acute myocardial infarction (AMI) but was associated with a risk reduction for HF
events.

Objectives This study aimed to evaluate whether the effect of empagliflozin on HF events is consistent in patients with and
without type 2 diabetes and/or chronic kidney disease enrolled in the EMPACT-MI trial.

Methods Post hoc analysis assessing the effect of empagliflozin on the primary endpoint and on HF events in AMI patients
with and without an established recommendation for a sodium—glucose cotransporter-2 inhibitor (SGLT2i) (type 2 diabetes or
chronic kidney disease).

Results Of 6522 participants, 3489 (53%) did not have type 2 diabetes and/or chronic kidney disease. Those without these
conditions were younger and with fewer comorbidities. No differences were observed for the primary endpoint. Empagliflozin
reduced time to first HHF, total HHF, time to adverse event (AE) of HF (including outpatient HF events) and total AEs of HF
similarly in patients with and without type 2 diabetes or chronic kidney disease. Total HHFs were 50 and 63 [adjusted event
rate 1.74 and 2.31 events per 100 patient-years; rate ratio (RR) 0.75; 95% confidence interval (Cl) 0.48, 1.18] in patients with-
out and 98 and 144 (adjusted event rate 3.91 and 6.04 events per 100 patient-years; RR 0.65; 95% Cl 0.45, 0.94; P for inter-
action = 0.61) in those with type 2 diabetes or chronic kidney disease in the empagliflozin and placebo arms, respectively. Any
AEs, serious AEs and AEs leading to permanent study drug discontinuation were similar between treatment groups in both
subgroups.

Conclusions Empagliflozin improved HF outcomes similarly in patients after AMI with or without type 2 diabetes or chronic
kidney disease.

© 2025 The Author(s). ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.
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Graphical Abstract

Impact of empagliflozin in patients with and without T2D or CKD in the EMPACT-MI trial.
Baseline characteristics, HF outcomes and subgroup analysis of efficacy endpoints are shown.
# Hazard ratios estimated via Cox proportional hazard model (unless indicated otherwise).

A Rate ratios via negative binomial regression.

ACM = all-cause mortality, AE = adverse event, BMI = body mass index, eGFR = estimated glomerular filtration rate,
HHF = hospitalization for heart failure, SGLT2 = sodium glucose cotransporter-2.
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Take-home messages

Empagliflozin improved HF outcomes after M, regardless of diabetes or CKD status.
No differences were observed in treatment effect across prespecified subgroups for HF-related outcomes.

These data suggest the potential role for empaglifiozin in preventing HF events after MI.
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Introduction

New onset of heart failure (HF) after acute myocardial infarc-
tion (AMI) is associated with worse outcomes.’™® Despite ad-
vances in interventional and drug therapies targeting recur-
rent myocardial infarction (Ml), no new therapy has been
discovered to reduce the risk of new-onset HF after AMI in
two decades. Sodium—glucose cotransporter-2 inhibitors

(SGLT2is) have been consistently shown to reduce the risk
of HF events in patients at high risk of developing HF,
including those with type 2 diabetes (T2D) and chronic kidney
disease (CKD), and in patients with prevalent HF, irrespective
of left ventricular (LV) ejection fraction (LVEF).”™® In the Effect
of Empagliflozin on Hospitalization for Heart Failure and Mor-
tality in Patients With Acute Myocardial Infarction (EMPACT-
M) trial, although empagliflozin did not reduce the primary
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endpoint of time to first hospitalization for HF (HHF) or
all-cause death, it had an effect on HF outcomes, with a rela-
tive risk reduction of 23% for time to first HHF and 33% for
total (first and recurrent) HHF.2%*!

Current guideline recommendations for the use of SGLT2i
include patients with HF, T2D and CKD.*>** While patients
with prevalent HF were excluded from the EMPACT-MI, those
with T2D and CKD who have an established recommendation
for an SGLT2i are at higher risk for adverse outcomes after
AMI and were included. Whether empagliflozin has a
favourable impact on HF outcomes in post-AMI patients with-
out T2D and/or CKD is unknown. In this post hoc analysis of
the EMPACT-MI trial, we aimed to compare the effect of em-
pagliflozin on HF outcomes in patients with or without an es-
tablished recommendation for an SGLT2i.

Methods
Study design and patient population

The study design and results of EMPACT-MI have been
published.*>** In brief, EMPACT-MI was a randomized, paral-
lel-group, double-blind, placebo-controlled, event-driven
trial. The trial was approved by the ethics committee at each
site, and all patients provided written informed consent.
EMPACT-MI enrolled patients 18 years of age or older, hospi-
talized for ST-segment elevation Ml (STEMI) or non-STEMI
(NSTEMI) within 14 days of admission. Each patient had ei-
ther evidence of newly developed LVEF < 45% or signs or
symptoms of congestion requiring treatment during index
hospitalization. In addition, patients were required to have
at least one enrichment factor, including >65 years of age;
new LVEF < 35%; history of MI; atrial fibrillation; T2D; esti-
mated glomerular filtration rate (eGFR) <60 mL/min/
1.73 m?; elevated natriuretic peptides (NPs) or uric acid
levels; elevated pulmonary artery or right ventricular systolic
pressure; three-vessel coronary artery disease; peripheral ar-
tery disease; or no revascularization for index MI. Patients
with a diagnosis of HF prior to index Ml who were taking or
planned the use of SGLT2i, had an eGFR < 20 mL/min/
1.73 m? or were on dialysis were excluded. Patients were ran-
domly assigned to receive either placebo or 10 mg of empa-
gliflozin daily in a 1:1 ratio, in addition to standard of care. In
the current analysis, T2D was defined as a previous history of
T2D as assessed at baseline, whereas CKD was defined as a
history of CKD or eGFR < 60 mL/min/1.73 m? at baseline.

Outcomes

The primary endpoint of EMPACT-MI was a composite of
time to first HHF or all-cause death.'* The key secondary out-
comes included time to first HHF, time to all-cause death and

total number (first and recurrent) of HHFs.** In this post hoc
analysis, we also examined investigator-reported adverse
events (AEs) that were categorized as ‘cardiac failure’ per
Medical Dictionary for Regulatory Activities (MedDRA) stan-
dards. They included not only the events analysed as the
pre-specified endpoint of HHF but also a broader range of
AEs of HF, including outpatient nonfatal HF AEs as well as
those requiring or prolonging hospitalization or with a fatal
outcome. Thus, we also analysed time to first AE of HF, total
number of AEs of HF, time to first AE of HF or all-cause death,
and total number of AEs of HF or all-cause mortality. A similar
approach was used previously.°

Statistical analysis

Baseline characteristics of study participants with and with-
out T2D and/or CKD were evaluated. Comparison between
the empagliflozin and placebo arms for time to first event
endpoints was performed using the primary Cox proportional
hazard model, including baseline covariates of age, geograph-
ical region, eGFR [assessed categorically using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) formula
<45 vs. 45 to <60 vs. 60 to <90 vs. >90 mL/min/1.73 m?],
LVEF (<35% vs. >35%), T2D, atrial fibrillation, previous Ml,
peripheral arterial disease, smoking status and the additional
covariate of sex. Data for patients who did not have an event
were censored on the last day they were known to be free of
the outcome. The assumption of proportional hazards was
verified.’ For comparison of total (first and recurrent)
events, differences between empagliflozin and placebo were
assessed using a negative binomial model including the same
covariates and including logarithm of time as an adjustment
for observation time.*®

Consistency of the effect of empagliflozin on all endpoints
evaluated in this analysis was assessed across two groups: pa-
tients with an established recommendation (T2D and/or CKD)
and those without an established recommendation for an
SGLT2i. These analyses were performed based on the Cox re-
gression and negative binomial regression models including
factors as described previously (excluding eGFR and T2D as
separate factors) and additional terms for subgroup (i.e.,
combination of eGFR and T2D categories) and interaction of
subgroup by treatment (with interaction tests). All P values
reported for these exploratory analyses are two-sided, and
a P value <0.05 was considered statistically significant.

Results
Baseline characteristics of the overall population

From December 2020 to March 2023, 6522 study participants
were randomized to empagliflozin (n = 3260) or placebo
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Figure 1 Subgroup analysis of efficacy endpoints. (A) Hospitalization for heart failure (HHF) and all-cause mortality (ACM) endpoints. (B) Heart failure
(HF) adverse event (AE) endpoints. The analysis was performed in patients with and without type 2 diabetes (T2D) or chronic kidney disease (CKD). For
every endpoint included in the analysis, the overall effect was also reported. #The effect is presented as a hazard ratio for empagliflozin versus placebo
estimated with the use of a Cox proportional hazard model unless indicated otherwise. "The effect is presented as the rate ratio estimated with the use
of negative binomial regression analysis. *Adjusted number of events per 100 patient-years (pt-yrs), as calculated with the use of negative binomial
regression analysis. Patients without T2D or CKD, n = 3489 (empagliflozin, n = 1753; placebo, n = 1736). Patients with T2D or CKD, n = 3033 (empa-
gliflozin, n = 1507; placebo, n = 1526). Cl, confidence interval.
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Figure 2 Time to first adverse event of heart failure. The analysis was performed in (A) absence and (B) presence of baseline estimated glomerular
filtration rate <60 mL/min/1.73 m? or history of chronic kidney disease or baseline type 2 diabetes. Cl, confidence interval; Empa, empagliflozin;

HR, hazard ratio.
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Outcomes cebo groups (incidence rate 2.81 and 4.05 events per 100 pa-

No differences between treatment groups were observed for
time to first HHF or all-cause death overall and in those
without and with T2D or CKD [hazard ratio (HR) 0.93; 95% con-
fidence interval (Cl) 0.70, 1.23; and HR 0.88; 95% Cl 0.72, 1.08,
respectively; P for interaction = 0.77]. Empagliflozin reduced
time to first HHF, total number of HHFs, time to first AE of HF
(including outpatient HF events), total AEs of HF, time to first
AE of HF or all-cause death, and total number of AEs of HF or
all-cause death, overall and consistently in study participants
without and with T2D or CKD (Figure 7). Among individuals
without T2D or CKD, a first event of HHF occurred in 41 and
54 patients in the empagliflozin and placebo groups (incidence
rate 1.63 and 2.19 events per 100 patient-years, respectively;
HR 0.72; 95% Cl 0.48, 1.08), while in those with T2D or CKD,
it occurred in 77 and 99 in the empagliflozin and placebo
groups (incidence rate 3.75 and 4.80 events per 100 patient-
years, respectively; HR 0.79; 95% Cl 0.59, 1.07; P for interac-
tion =0.71). In study participants without T2D or CKD, the total
number of HHFs occurred in 50 and 63 patients in the empagli-
flozin and placebo groups (adjusted event rate 1.74 and 2.31
events per 100 patient-years, respectively; rate ratio (RR)
0.75; 95% Cl1 0.48, 1.18), while in those with T2D or CKD, it oc-
curred in 98 and 144 patients in the empagliflozin and placebo
groups (adjusted event rate 3.91 and 6.04 events per 100 pa-
tient-years, respectively; RR 0.65; 95% ClI 0.45, 0.94; P for
interaction = 0.61).

In study participants without T2D or CKD, a first AE of HF
occurred in 70 and 98 patients in the empagliflozin and pla-

tient-years, respectively; HR 0.67; 95% Cl 0.49, 0.91), while in
those with T2D or CKD, it occurred in 108 and 156 patients in
the empagliflozin and placebo groups (incidence rate 5.34
and 7.77 events per 100 patient-years; HR 0.70; 95% ClI
0.55, 0.90; P for interaction = 0.84; see the Graphical Abstract
and Figures 1 and 2). Similarly, in patients without T2D or
CKD, the total number of AEs of HF occurred in 85 and 120
patients in the empagliflozin and placebo groups (adjusted
event rate 3.01 and 4.30 events per 100 patient-years, re-
spectively; RR 0.70; 95% CI 0.49, 0.99), while in those with
T2D or CKD, it occurred in 142 and 234 patients in the empa-
gliflozin and placebo groups (adjusted event rate 5.68 and
9.58 events per 100 patient-years, respectively; RR 0.59;
95% Cl 0.44, 0.81; P for interaction = 0.49; Figures 1 and 3).
Subgroup analyses of efficacy endpoints by patients with
and without T2D or CKD are shown in the Graphical Abstract
and Figure 1.

Safety

In study participants without T2D or CKD, AEs occurred in
24.7% in the empagliflozin group and 23.8% in the placebo
group (incidence rate 21.85 and 21.20 events per 100 pa-
tient-years, respectively), while in those with T2D or CKD,
AEs occurred in 30.9% in the empagliflozin group and 31.5%
in the placebo group (incidence rate 29.86 and 30.57 events
per 100 patient-years, respectively). In patients without T2D
or CKD, serious AEs occurred in 21.1% in the empagliflozin
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Figure 3 Total number of adverse events of heart failure. The analysis was performed in (A) absence and (B) presence of baseline estimated glomer-
ular filtration rate <60 mL/min/1.73 m? or history of chronic kidney disease or baseline type 2 diabetes. Cl, confidence interval; Empa, empagliflozin;
RR, rate ratio.
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Table 2 Safety data.
Patients without T2D or CKD (n = 3489) Patients with T2D or CKD (n = 3033)
Empagliflozin Placebo Empagliflozin Placebo
n=1744 n=1722 n = 1490 n = 1507
N with Incidence N with Incidence N with Incidence N with Incidence
event (per 100 event (per 100 event (per 100 event (per 100
Event (%)  patient-years) (%) patient-years) (%)  patient-years) (%) patient-years)
Any adverse event 430 (24.7)  21.85 409 (23.8) 21.20 461 (30.9) 29.86 474 (31.5) 30.57
Adverse event leading to permanent 55 (3.2) 2.40 47 (2.7) 2.09 67 (4.5) 3.59 75 (5.0) 4.02
treatment discontinuation
Serious adverse event 368 (21.1) 18.39 368 (21.4) 18.87 397 (26.6) 25.30 430 (28.5) 27.43
Ketoacidosis 0 0 0 0 2 (0.1) 0.1 1(0.1) 0.05
Hepatic injury 6 (0.3) 0.26 1(0.1) 0.04 2 (0.1) 0.11 1(0.1) 0.05
Acute kidney i |njury 7 (0.4) 0.30 13 (0.8) 0.58 20 (1.3) 1.07 30 (2.0) 1.62
Acute renal failure® 11 (0.6) 0.48 17 (1.0) 0.76 32 (2.1) 1.72 42 (2.8) 2.28
Urinary tract infection® 19 (1.1) 0.83 6 (0.3) 0.27 13 (0.9) 0.70 15 (1.0) 0.81
Volume depletion® 17 (1.0) 0.74 22 (1.3) 0.98 18 (1.2) 0.97 18 (1.2) 0.97
Hypoglycaemia® 0 0 0 0 4 (0.3) 0.21 5(0.3) 0.27
Hypotension® 16 (0.9) 0.70 21 (1.2) 0.94 18 (1.2) 0.97 15 (1.0) 0.81

Note: Patients who received at least one dose of empagliflozin or placebo were included. Adverse events analysed up to 7 days after the
discontinuation of the trial regimen are shown. Adverse events that were to be reported in the trial included serious adverse events, ad-
verse events that led to discontinuation of the trial regimen for at least 7 days, and adverse events of special interest, defined as ketoac-
idosis, adverse events leading to lower-limb amputation, hepatic injury and contrast-induced kidney injury.
Abbreviations CKD, chronic kidney disease; MedDRA, Medical Dictionary for Regulatory Activities; T2D, type 2 diabetes.

Events were identified with the use of a standardized MedDRA, Version 26.1, query.

BrAcute kidney injury’ is a MedDRA, Version 26.1, preferred term.

“Events were identified with the use of a Boehringer Ingelheim-customized MedDRA, Version 26.1, query.

group and 21.4% in the placebo group (incidence rate 18.39  25.30 and 27.43 events per 100 patient-years, respectively;
and 18.87 events per 100 patient-years, respectively), while  Table 2). Overall, the AE and serious AE rates were compara-
in those with T2D or CKD, it occurred in 26.6% in the empa- ble between the treatment arms in both subgroups (without
gliflozin group and 28.5% in the placebo group (incidence rate  and with T2D or CKD).
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Discussion

Whereas empagliflozin did not reduce the primary endpoint of
HHF or all-cause death in the EMPACT-MI trial,** pre-specified
analyses demonstrated a favourable impact on HF outcomes,
reducing first HHF and the total number of HHF. Benefits of
empagliflozin were also seen in exploratory analyses for risk
reduction in HF AEs, including outpatient HF events as well
as across the range of LVEF.'> In the current analysis, these
effects were seen in study participants with and without T2D
or CKD. Our results confirm the consistency in the efficacy
and safety of empagliflozin after an acute MI among patients
without and with an established recommendation for an
SGLT2i. This is also important because our data confirm the
safety of starting empagliflozin in an acute Ml setting in those
with an established recommendation for an SGLT2i, concur-
rently providing a benefit for the primary condition (i.e., T2D
or CKD) including a reduction in HF outcomes. In fact, we con-
firmed the well-established safety profile of empagliflozin, ini-
tiated within the first 2 weeks of an acute MI, which was con-
sistent in both cohorts. Similar rates for any AEs and serious
AEs were seen for empagliflozin and placebo arms across pa-
tients with and without T2D or CKD. These results highlight
the potential role of empagliflozin in reducing HF after Ml re-
gardless of having an established recommendation for an
SGLT2i, reassuring early safe post-Ml initiation of empagliflo-
zin in those with T2D or CKD and highlighting HF-related ben-
efit in those without these conditions as well.

Clinical practice guidelines emphasize the early detection
of individuals at risk for developing HF after AMI,*%31819 3
circumstance that is associated with a worse prognosis.® In
particular, individuals in whom LV dysfunction persists after
an ischaemic event are at increased risk of developing chronic
HF, death and hospitalizations.™** Despite advances in inter-
ventional and medical therapies targeting recurrent Ml, no
new therapy has been discovered to reduce the risk of
new-onset HF after Ml in two decades. In recent years,
SGLT2is have shown to reduce the risk of HF events across
various patient populations, in particular in those at high risk
of developing HF (including those with T2D and CKD) and in
patients with prevalent HF, irrespective of LVEF.”® Recently,
analyses of the EMPACT-MI trial showed that empagliflozin
may have a role for the treatment of patients after AMI
who are at risk for HF by reducing the risk for HF events.*°
The current post hoc results extend this finding by demon-
strating consistency in HF effect and safety of empagliflozin
after Ml regardless of T2D or CKD. In the present analysis,
the event rates within the placebo group were more pro-
nounced in those with T2D or CKD. This confirms that pa-
tients with established recommendations for an SGLT2i (such
as T2D and/or CKD) are at higher risk of events compared
with those without these conditions. Thus, patients admitted
for MI with T2D and/or CKD should be treated with SGLT2i
soon after the index event in order to provide an early prog-

nostic benefit. Further, in-hospital initiation of drugs may be
associated with better adherence compared with outpatient
initiation.?%?*

Our analysis confirmed the well-established safety profile
of empagliflozin in the AMI setting. There were no differ-
ences in overall AEs and serious AEs between empagliflozin
and placebo in both patients with and without T2D or CKD.
More AEs and serious AEs in the group with T2D or CKD were
observed in both treatment groups, probably as a conse-
qguence of the higher comorbidity burden of patients affected
by these conditions.

Limitations

Our study should be considered within the context of its lim-
itations. The EMPACT-MI trial focused on clinical outcomes
and did not collect mechanistic data. The trial focused on ran-
domizing patients early after Ml, a time in which patients can
have stunned myocardium that may recover especially after
revascularization and independent of concomitant
pharmacotherapy.? Furthermore, patients in the CKD trials
could also participate with eGFR 60-90 mL/min/1.73 m?
and albuminuria; as such, they can be considered to have
an established recommendation for SGLT2i as well.® Because
data regarding albuminuria were not collected in the
EMPACT-MI trial, these patients were not specifically evalu-
ated in our post hoc analysis. However, we considered ‘his-
tory of CKD’ as an established recommendation for an
SGLT2i, thus also including those with albuminuria and an
eGFR > 60 mL/min/1.73 m2. The outcomes of HF hospitaliza-
tions were not centrally adjudicated and were assessed by
site investigators according to pre-specified definitions with
collection of corresponding data in structured electronic case
report forms and evaluated through monitoring for com-
pleteness. However, we got robust findings regardless of
how HF was assessed. Further efforts are needed to recruit
more women and non-white people in future randomized
clinical trials given their lack of representativeness in large
outcome studies impacting clinical practice.*?

In conclusion, the effect of empagliflozin on first and total
HHF and AEs of HF outcomes following AMI was consistent
for individuals with and without T2D or CKD: These data sug-
gest the potential role for empagliflozin in preventing HF
events in patients after Ml, as well as a lack of heterogeneity
in treatment effect among those with and without
pre-existing T2D or CKD.
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Table S1. Index hospitalization details by patients with and
without T2D/CKD. CKD = chronic kidney disease,
eGFR = estimated glomerular filtration rate,
IV = intravenous, LVEF = left ventricular ejection fraction,
NA = not applicable, NSTEMI = non-ST elevation myocardial
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infarction, STEMI = ST elevation myocardial infarction,
T2D = type 2 diabetes mellitus. *Number of patients with
missing data for type of myocardial infarction: in “subgroup
without” N = 1 in empagliflozin and N = 0 in placebo, in “sub-
group with” N = 1 in empagliflozin and N = 0 in placebo; for
signs or symptoms of congestion with lowest LVEF < or >
45%: in “subgroup without” N = 13 in empagliflozin and
N = 14 in placebo, in “subgroup with” N = 10 in empagliflozin
and N = 14 in placebo. ®Analysis conducted with pooled Empa
and placebo; chi—square test for categorical variables.

Table S2. Enrichment criteria and risk factors for heart failure
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