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Aims In the EMPACT-MI trial, empagliflozin reduced heart failure (HF) hospitalizations but not mortality in acute myocardial
infarction (MI). Contemporary reports of clinical event rates with and without type 2 diabetes mellitus (T2DM) in
acute MI trials are sparse. The treatment effect of empagliflozin in those with and without T2DM in acute MI is
unknown.
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Methods
and results

A total of 6522 patients with acute MI with newly reduced left ventricular ejection fraction (LVEF) to <45%,
congestion, or both, were randomized to empagliflozin 10 mg or placebo. The primary endpoint was time to first
HF hospitalization or all-cause death. Rates of endpoints with and without T2DM and the efficacy and safety of
empagliflozin according to T2DM status were assessed. Overall, 32% had T2DM; 14% had pre-diabetes; 16% were
normoglycaemic; 38% had unknown glycaemic status. Patients with T2DM, compared to those without T2DM,
were at higher risk of time to first HF hospitalization or all-cause death (hazard ratio [HR] 1.44; 95% confidence
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interval [CI] 1.06–1.95) and all-cause death (HR 1.70; 95% CI 1.13–2.56). T2DM did not confer a higher risk of
first HF hospitalization (HR 1.22, 95% CI 0.82–1.83). Empagliflozin reduced first and total HF hospitalizations, but
not all-cause mortality, regardless of presence or absence of T2DM. The safety profile of empagliflozin was the same
with and without T2DM.
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Conclusion Patients with acute MI, LVEF <45% and/or congestion who had T2DM were at a higher risk of mortality than those
without T2DM. Empagliflozin reduced first and total HF hospitalizations regardless of the presence or absence
of T2DM.
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Graphical Abstract

28%

Glycaemic status and diabetes in EMPACT-MI. HF, heart failure; LVEF, left ventricular ejection fraction; MI, myocardial infarction.
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Introduction
Type 2 diabetes mellitus (T2DM) is increasingly prevalent in patients
with acute myocardial infarction (MI). In clinical trials conducted
between 10 and 30 years ago, patients with T2DM and acute
MI had worse clinical outcomes than those without T2DM.1,2

Factors including more advanced epicardial and microvascular
coronary disease and impaired healing of the infarct were thought
to contribute to higher rates of clinical events among those with
T2DM. Contemporary data investigating whether patients with
T2DM are still at increased risk in the era of prompt reperfusion
and improved medical therapy are sparse.

Sodium–glucose cotransporter 2 (SGLT2) inhibitors reduce the
risk of heart failure (HF) hospitalizations in patients with T2DM
and chronic stable cardiovascular disease as well as in patients with
chronic kidney disease, and patients with HF across the range of
ejection fraction, in patients with and without T2DM.3 The success
of SGLT2 inhibitors in these populations led to interest in their ..
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. potential efficacy in patients with acute MI. In the SGLT2 inhibitor

trials in T2DM and chronic stable coronary disease, patients were
excluded if they had suffered an acute MI within 2 months4 and
few were enrolled within 1 year of an acute MI.5 EMPACT-MI was
the first prospective randomized controlled trial to investigate
the effect of SGLT2 inhibitors on clinical outcomes after acute
MI in a cohort with and without T2DM.6 EMPACT-MI enrolled
patients with acute MI who were at a high risk for developing HF. In
EMPACT-MI, empagliflozin did not reduce the primary outcome of
first HF hospitalization or all-cause mortality but reduced first and
total HF hospitalizations by 23% and 33%, respectively. DAPA-MI,
which investigated the effect of dapagliflozin on cardiometabolic
endpoints in an acute MI population, enrolled only those without
T2DM.7 Accordingly, a difference between the effect of SGLT2
inhibition in those with or without T2DM and concomitant MI
remained unknown. The objective of the current pre-specified
analysis was to compare outcomes of patients with and without
T2DM in the EMPACT-MI trial.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Methods
Study design and participants
This was a pre-specified analysis of the EMPACT-MI trial. The design,
baseline characteristics, and primary results of the double-blind,
randomized, placebo-controlled, event-driven EMPACT-MI trial have
been reported previously.6,8,9 Briefly, patients were randomized within
14 days of an acute MI who were stable and at high risk for HF
based on either newly developed left ventricular systolic dysfunction
with documented left ventricular ejection fraction (LVEF) of <45%
or signs or symptoms of congestion requiring treatment. Patients
were also required to have at least one of the following enrichment
factors: age≥65 years, newly developed LVEF <35%, history of MI,
atrial fibrillation, type 2 diabetes, estimated glomerular filtration rate
(eGFR) <60 ml/min/1.73 m2, elevated natriuretic peptides or uric acid
levels, elevated pulmonary artery or right ventricular systolic pressure,
three-vessel coronary artery disease, peripheral artery disease, or no
revascularization for the index MI. A total of 6522 participants were
randomized in a 1:1 ratio to empagliflozin 10 mg daily or matching
placebo on top of standard of care and were followed for a median of
17.9 months. Patients with pre-existing HF, those who were planned
for treatment with an SGLT2 inhibitor and patients with type 1

diabetes were excluded. All participants provided written informed
consent and the study protocol was approved by the relevant ethics
committee or institutional review board at each participating centre
and the coordinating centre.

Categorization of glycaemic status
at baseline
Systematic glycated haemoglobin (HbA1c) measurement during the
index acute MI hospitalization was not mandated per protocol. The
HbA1c values used in the current analysis were those measured as
per clinical practice. For the reporting of baseline glycaemic status, the
cohort was grouped into five categories:

1. Normoglycaemia (HbA1c <5.7% [<39 mmol/ml] measured during
the index presentation excluding those with baseline diagnosed
T2DM).

2. Diagnosed T2DM (all participants with investigator-reported
T2DM regardless of HbA1c measured during the index
presentation).

3. Pre-diabetes (HbA1c ≥5.7% [≥39 mmol/ml] and<6.5%
[<48 mmol/mol] measured during the index presentation
excluding those with baseline diagnosed T2DM).

4. Undiagnosed diabetes (HbA1c≥ 6.5% [≥48 mmol/mol] measured
during the index presentation excluding those with baseline diag-
nosed T2DM).

5. Unknown HbA1c (HbA1c not measured during the index presen-
tation excluding those with baseline diagnosed T2DM).

For the purposes of investigation of outcomes and the treatment effect
of empagliflozin according to T2DM status, the following categories
were used:

1. T2DM: investigator-reported T2DM plus undiagnosed diabetes
(baseline HbA1c ≥6.5%).

2. No T2DM: normoglycaemia plus pre-diabetes.
3. Unknown HbA1c: HbA1c not measured during the index presen-

tation and no prior diagnosis of T2DM. ..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.. Endpoints

The primary endpoint of EMPACT-MI was time to first HF hospi-
talization or all-cause mortality. The key secondary endpoints were
total (first and recurrent) number of HF hospitalizations or all-cause
mortality, total number of non-elective cardiovascular hospitalizations
or all-cause mortality, total number of non-elective all-cause hospi-
talizations or all-cause mortality and total hospitalizations for MI and
all-cause mortality. Other outcomes included total number of HF
hospitalizations. All events were classified according to pre-specified
definitions by site investigators blinded to study drug assignment
and trained on the trial protocol without central adjudication. In
supplementary analyses, we also examined site-reported first and
total number of HF adverse events based on the narrow standardized
MedDRA query ‘cardiac failure’ alone and as composite with all-cause
mortality. Any adverse events included in a pre-specified list of cardiac
failure events were to be considered always serious and therefore
captured. These included both those reported as requiring or prolong-
ing hospitalization (such as prolonged hospitalization due to HF) or
reported outpatient HF events as well. The details of this approach in
the overall EMPACT-MI population have been previously published.10

Because of the established safety profile of empagliflozin, we used
focused safety reporting, in which the investigators reported only
serious adverse events, adverse events that led to discontinuation of
the trial regimen for at least 7 consecutive days, and adverse events of
special interest.

Statistics
All analyses were performed based on the intention-to-treat principle
and included all randomized participants. Baseline characteristics were
summarized by categories of diabetes at baseline (three group com-
parison: T2DM, no T2DM, unknown HbA1c) using means (standard
deviation) and medians (interquartile range) for continuous variables,
and proportions for categorical variables and differences were eval-
uated using an analysis of variance for continuous variables and the
chi-square test for categorical variables. Among placebo-assigned
patients, we evaluated the risk for the primary endpoints (and its com-
ponents) and key secondary endpoints for patients with T2DM, and
unknown HbA1c versus those with no T2DM. Data for patients who
did not have an event were censored on the last day they were known
to be free of the outcome. Analyses for time-to-first event outcomes
were performed based on a multivariable Cox proportional hazards
regression model including factors for age, sex, eGFR (assessed
categorically using the Chronic Kidney Disease Epidemiology Collab-
oration formula <45 vs. 45–<60 vs. 60–<90 vs. ≥90 ml/min/1.73 m2),
geographical region, T2DM, persistent/permanent atrial fibrillation,
prior MI, peripheral artery disease, smoking status, and LVEF, and
resulting effect estimates were expressed as hazard ratios (HRs) along
with their 95% confidence intervals (CIs). Analyses for total (first
and recurrent) events were performed based on a negative binomial
regression model including the same covariates that were used for
time-to-first event analyses and including logarithm of observation
time as an offset variable. Resulting effect estimates were expressed
as rate ratios (RRs) along with their 95% CIs.

Treatment effects of empagliflozin versus placebo were evaluated by
T2DM status for the primary outcome and its components, key sec-
ondary and other endpoints using Cox proportional hazards regression
models for time-to-first event endpoints and using negative binomial
regression models for total HF hospitalizations. These multivariable
models included the same covariates as described above with the

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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31.9%

15.7%

13.6%

1.3%

37.5%

T2DM (investigator-reported T2DM or HbA1c* ≥6.5%)

Normoglycaemia (no investigator-reported T2DM and HbA1c* <5.7%)

Pre-diabetes (no investigator-reported T2DM and HbA1c* 5.7–<6.5%)

Undiagnosed T2DM (no investigator-reported T2DM and HbA1c* ≥6.5%)

Unknown (no investigator-reported T2DM and HbA1c missing)

Figure 1 Glycaemic status at baseline. HbA1c, glycated haemoglobin; T2DM, type 2 diabetes mellitus. *During index hospitalization.

addition of a term for treatment and an interaction term between
treatment and the subgroup variable to explore potential effect modifi-
cation of T2DM status. Additionally, treatment effects were evaluated
by T2DM status and according to the prescription of metformin or
insulin, or according to body mass index (BMI), age or sex at baseline
using multivariable models including the same covariates. The effect
of empagliflozin versus placebo across the range of baseline HbA1c
(where measured) was also evaluated and displayed graphically using
a cubic spline model that included a set of cubic polynomials which
were constrained to meet at each of a set of equally distanced knots
to explore for interaction. Analyses were not adjusted for multiplicity
and should be interpreted as exploratory.

Safety outcomes of interest, including hypotension, hypovolaemia,
and acute kidney injury were assessed according to T2DM categories.
All statistical analyses were performed using SAS software version 9.4
(SAS institute Inc., Cary, NC, USA).

Results
Glycaemia status at baseline
(over pooled empagliflozin
and placebo groups)
Overall, 32% of the participants had T2DM, 14% had pre-diabetes,
16% were normoglycaemic; 38% had unknown glycaemic status,
1% had undiagnosed T2DM (Figure 1). Patients with T2DM were
more likely to be female, to have had a non-ST-elevation MI, a
history of hypertension and an eGFR <60 ml/min/1.73 m2 (Table 1).
Patients with T2DM also had a higher BMI and were more likely to
be receiving a loop diuretic.

Outcomes in the placebo group
according to type 2 diabetes status
Patients with T2DM, compared to those with no T2DM, were
at higher risk of both the primary outcome (HR 1.44, 95% CI
1.06–1.95) and all-cause mortality (HR 1.70, 95% CI 1.13–2.56)
(Figure 2 and online supplementary Figure S1). T2DM did not
confer a higher risk of first HF hospitalization (HR 1.22, 95% CI
0.82–1.83).

Type 2 diabetes mellitus conferred a higher risk of three of the
four key secondary endpoints: total HF hospitalizations or all-cause ..
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.. mortality (RR 1.82, 95% CI 1.21–2.75), total non-elective cardio-

vascular hospitalizations or all-cause mortality (RR 1.38, 95% CI
1.05–1.83) and total hospitalizations for MI and all-cause mortal-
ity (RR 1.93, 95% CI 1.26–2.96) (Figure 2 and online supplementary
Figure S1). Cardiovascular mortality was higher in those with T2DM
(HR 2.32, 95% CI 1.43–3.77), but total HF hospitalizations were
not statistically different (RR 1.49, 95% CI 0.92–2.41).

Effect of empagliflozin according to type
2 diabetes status
The effect of empagliflozin versus placebo on the primary endpoint
was consistent in those with and without T2DM (Figures 3 and 4).
Empagliflozin reduced time to first HF hospitalization (T2DM: HR
0.85, 95% CI 0.58–1.23; no T2DM: HR 0.56, 95% CI 0.34–0.93;
unknown HbA1c: HR 0.84, 95% CI 0.56–1.27, p for interaction
0.39) and total HF hospitalizations (T2DM: RR 0.62, 95% CI
0.39–0.98; no T2DM: RR 0.51, 95% CI 0.29–0.89; unknown
HbA1c: RR 0.90, 95% CI 0.56–1.47, p for interaction 0.28) in
patients with and without T2DM and in patients with unknown
HbA1c. First adverse event of HF, total adverse events of HF,
first and total adverse events of HF or all-cause mortality were
also reduced by empagliflozin to a similar extent in those with
and without T2DM and patients with unknown HbA1c (online
supplementary Figure S2). Empagliflozin reduced first and total HF
hospitalizations across the range of baseline HbA1c (Figure 5).
The treatment effect of empagliflozin on the primary endpoint, its
components and total hospitalizations according to T2DM status
did not vary according to the prescription of metformin or insulin,
or according to BMI, age, or sex at baseline (online supplementary
Figure S3).

Safety
The safety profile of empagliflozin and placebo was similar in
participants with and without T2DM and those with unknown
HbA1c (Table 2). Specifically, there were no differences in rates of
hypotension, volume depletion, and acute kidney injury between
empagliflozin and placebo for those with T2DM and no T2DM and
those with unknown HbA1c.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Empagliflozin in acute MI with or without diabetes 5

Table 1 Baseline characteristics according to type 2 diabetes mellitus status

Characteristic T2DM (n= 2165) No T2DM
(n=1911)

Unknown HbA1c
(n= 2446)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years, mean (SD) 64 (10) 63 (11) 64 (11) 0.1141

Sex (%)
Male 71 78 77 <0.0001

Female 29 22 23
Index myocardial infarction type, (%)

STEMI 69 79 76< 0.0001

NSTEMI 32 21 24
Race (%)

Asian 15 15 9 <0.0001

Black or African American 2 1 2
Other including mixed race 0.2 0.4 0.1
White 82 79 89

Medical history (%)
Hypertension 80 63 65 <0.0001

COPD 6 5 5 0.3373
AF 11 11 11 0.8540
Previous stroke or TIA 6 4 4 0.0140
Previous MI 16 10 13 <0.0001

Previous PCI 15 12 12 0.0005
Previous CABG 3 2 1 0.0004

Smoker (%)
Never 27 27 26 <0.0001

Current 30 38 35
Former 44 35 39

HbA1ca, %, mean (SD) 8 (2) 6 (0.4) NA <0.0001

NT-proBNP highestb, pg/ml, median (IQR) 1717 (678–3569) 1810 (743–3623) 1944 (867–3710) 0.1689
eGFR, ml/min/1.73 m2, mean (SD) 75 (21) 78 (18) 76 (20) <0.0001

<60 ml/min/1.73 m2 (%) 27 18 22 <0.0001

Creatinine, mg/dl, mean (SD) 1 (0.3) 1 (0.3) 1 (0.3) <0.0001

Haemoglobin, g/dl, mean (SD) 13 (2) 14 (2) 14 (2) <0.0001

BMI, kg/m2, mean (SD) 29 (5) 28 (5) 27 (5) <0.0001

Systolic BP, mmHg, mean (SD) 123 (15) 118 (15) 121 (15) <0.0001

Diastolic BP, mmHg, mean (SD) 74 (10) 72 (10) 74 (10) <0.0001

Medical therapy at baseline (%)
Beta-blockers 78 81 74 <0.0001

ACEi or ARB 69 70 66 0.0057
MRA 39 42 37 0.0038
Loop or high-ceiling diuretics 40 29 33 <0.0001

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CABG, coronary artery
bypass graft; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; IQR, interquartile range; MI, myocardial
infarction; MRA, mineralocorticoid receptor blocker; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; SD, standard deviation; STEMI, ST-elevation myocardial infarction; T2DM, type 2 diabetes mellitus; TIA, transient ischaemic attack.
aBased on 1201 patients with T2DM who provided data.
bBased on 803 patients with T2DM, 998 patients with no T2DM and 747 patients with unknown HbA1c who provided data.

Discussion
In the EMPACT-MI trial, T2DM was common and rates of the
primary outcome and mortality (all-cause and cardiovascular)
were higher in patients with than without T2DM. In contrast,
rates for HF hospitalizations (first or total) were not significantly
higher in those with T2DM. In patients with and without T2DM,
empagliflozin substantially reduced first and total HF hospitaliza-
tions as well as HF adverse events (Graphical Abstract). ..

..
..

..
..

..
..

..
..

..
..

..
. That T2DM is common in populations with acute MI is well

established. The prevalence of T2DM in all-comer acute MI cohorts
has previously been reported to be between 15% and 25%.1,2,11 The
proportion of participants with T2DM in EMPACT-MI (32%) was
similar to that reported in prior acute MI trials in populations at
high risk of HF (low LVEF ± congestion). For example, in VALIANT,
EPHESUS and PARADISE-MI 23%, 32% and 42%, respectively, had
T2DM at baseline.12–14 As T2DM was an enrichment HF criterion
in EMPACT-MI, the proportion of patients with T2DM is likely to

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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6 M.C. Petrie et al.

Outcome
Absolute risk

difference
HR or RR (95% CI) HR or RR (95% CI) p-value

n/N
Events/
100 PY

Primary endpoint and components

Primary composite outcome of time to first HHF or all-cause mortality

No T2DM

T2DM

Unknown

Time to first HHF

No T2DM

T2DM

Unknown

All-cause mortality

No T2DM

T2DM

Unknown

Key secondary endpoints

Total number of HHF or all-cause mortality events

No T2DM

T2DM

Unknown

Total number of non-elective CV hospitalization or all-cause mortality events

No T2DM

T2DM

Unknown

Total number of non-elective all-cause hospitalization or all-cause mortality events

No T2DM

T2DM

Unknown

Total number of hospitalization for MI or all-cause mortality events

No T2DM

T2DM

Unknown

Other secondary endpoint

Time to CV mortality

No T2DM

T2DM

Unknown

Exploratory endpoint

Total HHF

No T2DM

T2DM

Unknown

69/999

130/1085

99/1178

42/999

65/1085

46/1178

35/999

80/1085

63/1178

94/999

170/1085

121/1178

202/999

300/1085

228/1178

345/999

458/1085

335/1178

61/999

125/1085

88/1178

23/999

68/1085

40/1178

59/999

90/1085

58/1178

5

9

6

3

4

3

2

5

4

6

12

7

16

22

14

27

33

21

5

9

5

2

4

2

3

5

3

Ref.

4.85

0.76

Ref.

1.97

–1.31

Ref.

2.74

1.06

Ref.

5.29

0.49

Ref.

6.06

–1.43

Ref.

5.61

–5.78

Ref.

4.20

0.95

Ref.

3.41

0.75

Ref.

1.65

–0.74

Ref.

1.44 (1.06–1.95)

1.08 (0.79–1.48)

Ref.

1.22 (0.82–1.83)

0.88 (0.57–1.35)

Ref.

1.70 (1.13–2.56)

1.28 (0.84–1.96)

Ref.

1.82 (1.21–2.75)

1.08 (0.70–1.65)

Ref.

1.38 (1.05–1.83)

0.91 (0.68–1.21)

Ref.

1.21 (0.96–1.52)

0.79 (0.62–0.99)

Ref.

1.93 (1.26–2.96)

1.21 (0.78–1.89)

Ref.

2.32 (1.43–3.77)

1.30 (0.77–2.20)

Ref.

1.49 (0.92–2.41)

0.78 (0.47–1.29)

0.0180

0.6186

0.3298

0.5625

0.0116

0.2469

0.0041

0.7357

0.0213

0.5127

0.1043

0.0440

0.0026

0.3999

0.0007

0.3181

0.1014

0.3313

0.25 0.5 1 2 4

Figure 2 Adjusted event rates in the placebo group according to baseline type 2 diabetes mellitus (T2DM) status. Hazard ratios (HR) and
rate ratios (RR) based on Cox regression or negative binomial regression models adjusted for age, sex, estimated glomerular filtration rate
(assessed categorically using the Chronic Kidney Disease Epidemiology Collaboration formula <45 vs. 45–<60 vs. 60–<90 vs. ≥90 ml/min/1.73
m2), geographical region, T2DM, persistent/permanent atrial fibrillation, prior myocardial infarction (MI), peripheral artery disease, smoking
status and left ventricular ejection fraction. T2DM is defined as diagnosed T2DM (investigator-reported) and undiagnosed T2DM (i.e. baseline
glycated haemoglobin≥6.5%). No T2DM is defined as normoglycaemia or pre-diabetes. Unknown refers to no T2DM without glycated
haemoglobin measured. CI, confidence interval; CV, cardiovascular; HHF, hospitalization for heart failure; PY, patient-years.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Empagliflozin in acute MI with or without diabetes 7

Outcome

Empagliflozin

(N = 1080)

HR or RR

(95% CI)

HR or RR

(95% CI)

p-value

for

interaction
n/N

Events/

100 PY

Placebo

(N = 1085)

n/N
Events/

100 PY

0.25 0.5 1 2 4

Favours empagliflozin Favours placebo

Time to first heart failure hospitalization or all-cause mortality

Overall

No T2DM

T2DM

Unknown

Total heart failure hospitalizations 

No T2DM

T2DM

Unknown

Overall

Time to first heart failure hospitalization

Overall

No T2DM

T2DM

Unknown

All-cause mortality

Overall

No T2DM

T2DM

Unknown

267/3260

52/912

112/1080

103/1268

34/912

60/1080

54/1268

148/3260

118/3260

24/912

50/1080

44/1268

28/912

72/1080

69/1268

169/3260

6

4

8

6

2

3

2

2

3

2

3

2

2

5

4

4

298/3262

69/999

130/1085

99/1178

59/999

90/1085

58/1178

207/3262

153/3262

42/999

65/1085

46/1178

35/999

80/1085

63/1178

178/3262

7

5

9

6

3

5

3

4

3

3

4

3

2

5

4

4

0.90 (0.76–1.06)

0.76 (0.53–1.09)

0.94 (0.73–1.21)

0.93 (0.71–1.23)

0.51 (0.29–0.89)

0.67 (0.50–0.89)

0.62 (0.39–0.98)

0.90 (0.56–1.47)

0.77 (0.60–0.98)

0.56 (0.34–0.93)

0.85 (0.58–1.23)

0.84 (0.56–1.27)

0.84 (0.51–1.38)

0.96 (0.78–1.19)

0.97 (0.70–1.33)

1.01 (0.72–1.42)

0.61

0.28

0.39

0.84

Figure 3 Effect of empagliflozin according to baseline glycaemic status. Hazard ratios (HR) and rate ratios (RR) based on Cox regression or
negative binomial regression models adjusted for age, sex, estimated glomerular filtration rate (assessed categorically using the Chronic Kidney
Disease Epidemiology Collaboration formula <45 vs. 45–<60 vs. 60–<90 vs. ≥90 ml/min/1.73 m2), geographical region, type 2 diabetes mellitus
(T2DM), persistent/permanent atrial fibrillation, prior myocardial infarction, peripheral artery disease, smoking status and left ventricular
ejection fraction (categorical or continuous). T2DM is defined as diagnosed T2DM (investigator-reported) and undiagnosed T2DM (i.e. baseline
glycated haemoglobin≥6.5%). n number of patients with event (for time-to-first event endpoints) or number of events (for total number of
events endpoint) based on N number of patients at risk. No T2DM is defined as normoglycaemia or pre-diabetes. Unknown refers to no T2DM
without glycated haemoglobin measured. CI, confidence interval; PY, patient-years.

be higher than in real-world populations. Remarkably, only 16% of
the EMPACT-MI had confirmed normal glycaemic status. Glycaemic
status in acute MI has not been widely investigated in randomized
trials. In a single centre cohort of 841 patients, 17% had normal
glycaemic status.15 A major finding of interest in EMPACT-MI was
the large number of patients (more than one in three) where there
was no HbA1c available to ascertain T2DM status. The European
Society of Cardiology (ESC) guidelines for management of acute MI
recommend assessment of glycaemic status in all patients during
acute MI (ESC class IB recommendation).16 Using the opportunity
of an acute coronary presentation to establish T2DM status allows
appropriate glycaemic control as well as prescription of therapies
that are indicated for chronic management of T2DM. Few patients
in EMPACT-MI (1.3%) were found to have previously undiagnosed
T2DM. How many of those who did not have an HbA1c measured
had T2DM which remained undiagnosed is unknown. Studies ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. investigating the impact of screening strategies in acute coronary
syndromes have yet to be performed.

Rates of cardiovascular events after acute MI have long been
known to be higher in those with T2DM than those without.1,2

In EMPACT-MI the higher event rates with T2DM was striking
for mortality. All-cause and cardiovascular mortality were 70% and
132% higher, respectively, in those with T2DM when compared
to those without T2DM. The increased mortality risk conferred
by T2DM in EMPACT-MI is greater than seen in previous similar
trials. For example, in the VALIANT trial which enrolled patients
from 1998–2001, T2DM was associated with a 37% and 42%
increased risk of all-cause and cardiovascular mortality, respec-
tively.2 EMPACT-MI was a streamlined trial which relied on trained
investigators to report and classify events. Investigations into
causes of this high mortality rate in those with T2DM in the current
era are warranted. Understanding why T2DM is associated with

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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8 M.C. Petrie et al.

1085 1024 1002 932 815 675 500 310 160 51
1080 1024 995 940 827 684 496 320 154 45

0 90 180 270 360 450 540 630 720 810

Study day

0

5

10

15

20

25

P
ro

b
a
b

il
it

y
 o

f 
e
v
e
n

t 
(%

)

No. at risk
Placebo

Empagliflozin
999 942 927 871 759 637 473 305 144 25
912 877 869 813 709 599 452 301 144 32

0 90 180 270 360 450 540 630 720 810
0

5

10

15

20

25

P
ro

b
a
b

il
it

y
 o

f 
e
v
e
n

t 
(%

)

Study day

No. at risk
Placebo

Empagliflozin
1178 1126 1115 1029 912 759 583 425 247 61
1268 1210 1196 1128 996 824 618 427 233 57

0 90 180 270 360 450 540 630 720 810
0

5

10

15

20

25

P
ro

b
a
b

il
it

y
 o

f 
e
v
e
n

t 
(%

)

Study day

No. at risk
Placebo

Empagliflozin

0 90 180 270 360 450 540 630 720 810

Study day

0

2

4

6

8

10

12

14

16

E
s
ti

m
a
te

d
 c

u
m

u
la

ti
v
e
 i
n

c
id

e
n

c
e
 (

%
)

1085 1057 1040 983 865 721 538 338 178 54
1080 1047 1027 983 868 728 534 346 169 52

No. at risk
Placebo

Empagliflozin
999 975 969 917 807 683 507 327 157 29
912 893 891 841 734 626 475 323 156 38

0 90 180 270 360 450 540 630 720 810

Study day

0

2

4

6

8

10

12

14

16

E
s
ti

m
a
te

d
 c

u
m

u
la

ti
v
e
 i
n

c
id

e
n

c
e
 (

%
)

No. at risk
Placebo

Empagliflozin
1178 1154 1150 1075 960 803 615 446 258 65
1268 1237 1230 1171 1037 864 649 450 247 63

0 90 180 270 360 450 540 630 720 810

Study day

0

2

4

6

8

10

12

14

16

E
s
ti

m
a
te

d
 c

u
m

u
la

ti
v
e
 i
n

c
id

e
n

c
e
 (

%
)

No. at risk
Placebo

Empagliflozin

1085 1024 1002 932 815 675 500 310 160 51
1080 1024 995 940 827 684 496 320 154 45

0 90 180 270 360 450 540 630 720 810

Study day

0

1

2

3

4

5

6

7

8

No. at risk
Placebo

Empagliflozin
999 942 927 871 759 637 473 305 144 25
912 877 869 813 709 599 452 301 144 32

0 90 180 270 360 450 540 630 720 810

Study day

0

1

2

3

4

5

6

7

8

No. at risk
Placebo

Empagliflozin

1085 1044 1027 963 845 701 521 326 173 53
1080 1042 1016 966 852 706 513 335 161 48

0 90 180 270 360 450 540 630 720 810

Study day

0.00

0.02

0.04

0.06

0.08

0.10

0.12

C
u

m
u

la
ti

v
e
 m

e
a
n

 n
u

m
b

e
r 

o
f 

e
v
e
n

ts
p

e
r 

p
a
ti

e
n

t

No. at risk
Placebo

Empagliflozin
999 965 954 902 790 666 493 319 152 28
912 888 885 831 725 614 464 312 150 32

0 90 180 270 360 450 540 630 720 810

Study day

0.00

0.02

0.04

0.06

0.08

0.10

0.12

No. at risk
Placebo

Empagliflozin
1178 1149 1144 1060 944 787 603 441 256 63
1268 1232 1223 1158 1023 851 639 441 241 59

0 90 180 270 360 450 540 630 720 810

Study day

0.00

0.02

0.04

0.06

0.08

0.10

0.12

No. at risk
Placebo

Empagliflozin

T2DM: empagliflozin vs placebo

A. Primary endpoint (first heart failure hospitalization or all-cause mortality) (p-value for interaction = 0.6143)

No T2DM: empagliflozin vs placebo Unknown: empagliflozin vs placebo

T2DM: empagliflozin vs placebo

B. All-cause mortality (p-value for interaction = 0.8354)

No T2DM: empagliflozin vs placebo Unknown: empagliflozin vs placebo

T2DM: empagliflozin vs placebo

C. First heart failure hospitalization (p-value for interaction = 0.3873)

No T2DM: empagliflozin vs placebo Unknown: empagliflozin vs placebo

T2DM: empagliflozin vs placebo

D. Total number of heart failure hospitalizations (p-value for interaction = 0.2827)

No T2DM: empagliflozin vs placebo Unknown: empagliflozin vs placebo

HR 0.94
(95% CI 0.73–1.21)

HR 0.76
(95% CI 0.53–1.09)

HR 0.93
(95% CI 0.71–1.23)

HR 0.97
(95% CI 0.70–1.33)

HR 0.84
(95% CI 0.51–1.38)

HR 1.01
(95% CI 0.72–1.42)

HR 0.85
(95% CI 0.58–1.23)

HR 0.56
(95% CI 0.34–0.93)

HR 0.84
(95% CI 0.56–1.27)

RR 0.62
(95% CI 0.39–0.98)

RR 0.51
(95% CI 0.29–0.89)

RR 0.90
(95% CI 0.56–1.47)

1178 1126 1115 1029 912 759 583 425 247 61
1268 1210 1196 1128 996 824 618 427 233 57

0 90 180 270 360 450 540 630 720 810

Study day

0

1

2

3

4

5

6

7

8

No. at risk
Placebo

Empagliflozin

P
ro

b
a
b

il
it

y
 o

f 
e
v
e
n

t 
(%

)

P
ro

b
a
b

il
it

y
 o

f 
e
v
e
n

t 
(%

)

P
ro

b
a
b

il
it

y
 o

f 
e
v
e
n

t 
(%

)

C
u

m
u

la
ti

v
e
 m

e
a
n

 n
u

m
b

e
r 

o
f 

e
v
e
n

ts
p

e
r 

p
a
ti

e
n

t

C
u

m
u

la
ti

v
e
 m

e
a
n

 n
u

m
b

e
r 

o
f 

e
v
e
n

ts
p

e
r 

p
a
ti

e
n

t

Figure 4 Treatment effect of empagliflozin compared to placebo according to type 2 diabetes mellitus (T2DM) status. Hazard ratios
(HR) and rate ratios (RR) based on Cox regression or negative binomial regression models adjusted for age, sex, estimated glomerular
filtration rate (assessed categorically using the Chronic Kidney Disease Epidemiology Collaboration formula <45 vs. 45–<60 vs. 60–<90 vs.
≥90 ml/min/1.73 m2), geographical region, T2DM, persistent/permanent atrial fibrillation, prior myocardial infarction, peripheral artery disease,
smoking status and left ventricular ejection fraction. Kaplan–Meier estimates and cumulative incidence function for the composite primary
endpoint (A) and its components (B, C) and mean cumulative function for total number of heart failure hospitalizations (D). CI, confidence
interval.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Empagliflozin in acute MI with or without diabetes 9
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Figure 5 Treatment effect for empagliflozin versus placebo according to baseline glycated haemoglobin (HbA1c) as a continuous variable. (A)
Time to first heart failure hospitalization or all-cause mortality: empagliflozin versus placebo by baseline HbA1c. (B) Time to all-cause mortality:
empagliflozin versus placebo by baseline HbA1c. (C) Time to first heart failure hospitalization: empagliflozin versus placebo by baseline HbA1c.
(D) Total number of heart failure hospitalizations: empagliflozin versus placebo by baseline HbA1c. The solid black line represents the hazard
ratio of the treatment effect. The grey shaded area represents the 95% confidence interval (CI) around the treatment effects. The dotted
horizontal line represents a hazard ratio of 1 (i.e. no difference between randomized groups). Hazard ratios and rate ratios based on Cox
regression or negative binomial regression models adjusted for age, sex, estimated glomerular filtration rate (assessed categorically using
the Chronic Kidney Disease Epidemiology Collaboration formula <45 vs. 45–<60 vs. 60–<90 vs. ≥90 ml/min/1.73 m2), geographical region,
type 2 diabetes mellitus, persistent/permanent atrial fibrillation, prior myocardial infarction, peripheral artery disease, smoking status and left
ventricular ejection fraction.

higher mortality would allow for development of targeted thera-
pies. Potential causes of higher death rates in T2DM following acute
MI include more stent thromboses, in-stent restenoses, myocar-
dial rupture, fatal dysrhythmias, bleeding or deaths due to HF. The
absence of a clear higher HF hospitalization event rate in those
with T2DM after adjustment in EMPACT-MI is surprising. In pre-
vious acute MI trials, T2DM has been associated with higher rates
of HF hospitalizations.2,17,18 In EMPACT-MI there was a numerical
but not statistically significant higher rate of HF hospitalizations in
those with T2DM after comprehensive multivariable adjustment.
Why the risk conferred by T2DM might be less than previously
seen might be related to changing drivers of HF hospitalization after
acute MI. Modern rapid and complete revascularization, optimal
acute MI medical therapy and improved comprehensive post-MI
management may have reduced the excess risk of HF hospitaliza-
tion conferred by T2DM. It is unlikely that use of glucose-lowering
therapies is responsible as, except for SGLT2 inhibitors, these
agents have not been reported to reduce HF hospitalizations.

The consistency of the treatment effect of empagliflozin on
HF hospitalizations in those with and without T2DM following
acute MI is similar to the effects of SGLT2 inhibitors in other ..
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.. disease states. In HF with reduced (HFrEF) and preserved ejection

fraction (HFpEF), empagliflozin and dapagliflozin have shown very
similar reductions in HF events in those with and without T2DM.
Consistency of SGLT2 inhibitor treatment effects in HFrEF and
HFpEF populations are also seen across the spectrum of baseline
HbA1c. The treatment effect of SGLT2 inhibitors on reducing
HF hospitalizations following acute MI in EMPACT-MI confirms
the benefit in both those with and without T2DM. EMPACT-MI
was the first SGLT2 inhibitor trial in acute MI to enrol those
without T2DM as well as being the only post-MI SGLT2 inhibitor
trial to investigate effects on clinical outcomes. DAPA-MI only
included those without T2DM and had a primary endpoint of
seven ‘cardio-metabolic’ components analysed by the win ratio.7

In the only completed mechanistic trial of SGLT2 inhibitors
after MI, the EMMY trial, those with and without T2DM were
enrolled. Empagliflozin reduced N-terminal pro-B-type natriuretic
peptide and left ventricular volumes and increased LVEF.19 A
second acute MI mechanistic trial, EMPRESS-MI (NCT05020704),
which enrolled patients with and without T2DM will complete
shortly. The effect of empagliflozin on cardiac magnetic resonance
imaging-measured left ventricular volumes, renal parameters and

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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10 M.C. Petrie et al.

Table 2 Safety outcomes according to type 2 diabetes mellitus statusa

T2DM No T2DM Unknown HbA1c
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Empagliflozin
(n=1069)

Placebo
(n=1070)

Empagliflozin
(n= 902)

Placebo
(n= 988)

Empagliflozin
(n=1263)

Placebo
(n=1171)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

% Incidence
per
100 PY

% Incidence
per
100 PY

% Incidence
per
100 PY

% Incidence
per
100 PY

% Incidence
per
100 PY

n (%) Incidence
per
100 PY

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Patients with any AE 28 26 30 29 30 29 30 30 26 23 23 20
Patients with AE leading to

permanent treatment
discontinuation

4 3 4 3 5 4 5 4 3 2 3 2

Patients with serious AE 24 22 27 25 25 23 27 27 23 19 21 18
Patients with AEs leading to LLA 0.7 0.5 0.4 0.3 0 0 0 0 0.2 0.1 0.1 0.1
Hepatic injury (AESI)b 0.1 0.1 0.1 0.1 0.3 0.3 0.1 0.1 0.3 0.2 0 0
Ketoacidosis (AESI) 0.2 0.2 0.1 0.1 0 0 0 0 0 0 0 0
Contrast-induced AKI (AESI) 0.5 0.4 0.6 0.5 0 0 0.1 0.1 0.2 0.2 0.2 0.1
Acute kidney failure (narrow SMQ)c 2 1 2 2 1 1 2 1 1 0.8 2 1

AKId 1 0.8 2 1 0.9 0.7 1 1 0.6 0.5 1 0.9
Volume depletion (narrow BIcMQ) 1 0.8 1 1 2 1 2 1 0.6 0.5 0.9 0.7
Hypotension (BIcMQ based) 1 0.8 1 0.9 2 1 1 1 0.6 0.5 0.9 0.7
Hypoglycaemia (narrow SMQ)c 0.4 0.3 0.5 0.4 0 0 0 0 0 0 0 0

AE, adverse event; AESI, adverse event of special interest; AKI, acute kidney injury; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BIcMQ, Boehringer Ingelheim-customized MedDRA
query; HbA1c, glycated haemoglobin; LLA, lower limb amputation; MedDRA, Medical Dictionary for Regulatory Activities; PY, patient-years; SMQ, standardized MedDRA query; T2DM, type 2 diabetes
mellitus.
Events were identified with the use of a BIcMQ, version 26.1.
aPatients who received at least one dose of empagliflozin or placebo were included in the safety population. Shown are adverse events analysed up to 7 days after the discontinuation of the trial regimen,
except for LLA, which were analysed up to the end of the trial. AEs that were to be reported in the trial included serious AEs, AEs that led to discontinuation of the trial regimen for at least 7 days, and
AESI, defined as ketoacidosis, AEs leading to LLA, hepatic injury, and contrast-induced AKI.
bHepatic injury was defined as an AST level or an ALT level (or both) of at least three times the upper limit of the normal range, combined with a total bilirubin level of at least two times the upper limit
of the normal range, as measured in the same blood sample or in blood samples obtained within 30 days of each other; or an ALT level or AST level (or both) of at least 10 times the upper limit of the
normal range. Hepatic injury as defined by these criteria and reported by the investigator occurred in four patients in the empagliflozin group and in no patients in the placebo group.
cEvents were identified with the use of a SMQ, version 26.1.
d ‘Acute kidney injury’ is a MedDRA, version 26.1, preferred term.

circulating biomarkers will be reported. In trials of SGLT2 inhibitors
in chronic kidney disease, HF benefits were seen regardless of the
presence or absence of T2DM.20 The consistency of reduction in
HF hospitalizations across different clinical conditions regardless
of presence or absence of T2DM (as well as across the spectrum
of baseline HbA1c) gives a clear indication that the mechanism
of reduction in HF with SGLT2 inhibitors is independent of any
glucose-related or diabetes-related factors. Several mechanistic
trials in HF have indicated a variety of different glucose- and
diabetes-independent mechanisms of HF benefit.

Empagliflozin did not reduce all-cause mortality following MI
whether T2DM was present or absent. This lack of treatment
effect suggests that the causes of death in EMPACT-MI are not
modifiable by SGLT2 inhibitors regardless of diabetes status. The
very high rates of death in those with T2DM highlights an ongoing
and unmet need. Alternative, novel treatment strategies to further
improve outcomes following MI, especially in patients with T2DM,
are necessary.21 Potential causes of death that might not be
impacted by SGLT2 inhibitors include arrhythmias (tachycardia
and bradycardia events), stent thrombosis, in-stent restenosis,
myocardial rupture, pulmonary emboli, and other cardiovascular
and non-cardiovascular causes.

The safety of empagliflozin was similar in those with and without
T2DM. In the context of acute MI with recent percutaneous
intervention, haemodynamic fluctuations, and initiation of multiple ..
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. pharmacological therapies, there was no increase in adverse events
compared to placebo.

The major limitation of the current analysis is the lack of sys-
tematic measurement of HbA1c in EMPACT-MI. The lack of sys-
tematic HbA1c measurement prevented precise ascertainment of
glycaemia status in all patients. The lack of systematic measure-
ment of HbA1c also meant that our analysis of treatment effect
of empagliflozin across baseline HbA1c is subject to indication
bias. The current analysis did not allow a meaningful analysis of
pre-diabetes as a standalone subgroup. Of the 447 patients with
pre-diabetes, only 39 had a primary outcome event (online sup-
plementary Figure S4). The other limitations of EMPACT-MI are
the low numbers of women and low numbers of racial and ethnic
minorities.

In conclusion, around one third of patients in EMPACT-MI had
T2DM and only 16% were normoglycaemic. Patients with T2DM
were at much higher risk of mortality than those without T2DM.
Empagliflozin reduced first and total HF hospitalizations, but not
all-cause mortality, regardless of the presence or absence of T2DM
or unknown HbA1c.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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