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BACKGROUND: In the EMPA-REG OUTCOME trial (BI 10773 
[Empagliflozin] Cardiovascular Outcome Event Trial in Type 2 Diabetes 
Mellitus Patients) in patients with type 2 diabetes mellitus and 
atherosclerotic cardiovascular disease, in comparison with placebo, 
empagliflozin reduced the risks of 3-point major adverse cardiovascular 
events (3-point MACE), cardiovascular and all-cause death, and 
hospitalization for heart failure. We investigated whether these effects 
varied across the spectrum of baseline cardiovascular risk.

METHODS: Cardiovascular death, all-cause mortality, 3-point MACE, and 
hospitalization for heart failure in the pooled empagliflozin and placebo 
groups were analyzed in subgroups by prior myocardial infarction and 
stroke at baseline, and by estimated baseline cardiovascular risk based on 
the 10-point TIMI (Thrombolysis In Myocardial Infarction) Risk Score for 
Secondary Prevention.

RESULTS: Of 7020 patients who received the study drug, 65% had a 
prior myocardial infarction or stroke, and 12%, 40%, 30%, and 18% 
were at low, intermediate, high, and highest estimated cardiovascular 
risk according to TIMI Risk Score for Secondary Prevention (≤2, 3, 4, and 
≥5 points, respectively). In the placebo group, 3-point MACE occurred 
during the trial in 7.3%, 9.4%, 12.6%, and 20.6% of patients at low, 
intermediate, high, and highest estimated baseline risk, respectively. 
Relative reductions in risk of cardiovascular death, all-cause mortality, 
3-point MACE and hospitalization for heart failure with empagliflozin 
versus placebo were consistent in patients with and without prior 
myocardial infarction and/or stroke and across subgroups by TIMI Risk 
Score for Secondary Prevention at baseline (P>0.05 for randomized group-
by-subgroup interactions).

CONCLUSIONS: Despite all patients having atherosclerotic cardiovascular 
disease, patients in EMPA-REG OUTCOME demonstrated a broad risk 
spectrum for cardiovascular events. Reductions in key cardiovascular 
outcomes and mortality with empagliflozin versus placebo were 
consistent across the range of cardiovascular risk.
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Cardiovascular disease presents as a range of phe-
notypes that starts with the presence of multiple 
risk factors and progresses, largely because of 

atherothrombotic events, to myocardial infarction (MI), 
heart failure (HF), and death.1,2 However, myocardial 
dysfunction, HF, and cardiovascular death can occur in-
dependently of atherothrombosis, especially in patients 
with diabetes mellitus.3,4 Patients with type 2 diabetes 
mellitus (T2DM) are considered to be at very high risk 
for future adverse cardiovascular events.5,6 However, re-
cent data show a broad spectrum of cardiovascular risk 
exists even in patients with cardiovascular disease and 
diabetes mellitus.7

Several stratification methods have been developed 
to predict the risk of primary cardiovascular events in 
individuals with cardiovascular disease risk factors8,9 and 
the risk of recurrent cardiovascular events in individuals 
with recent acute coronary syndrome.10–12 The Throm-
bolysis In Myocardial Infarction (TIMI) Risk Score for Sec-
ondary Prevention (TRS 2°P) is a risk stratification tool 
developed to predict recurrent cardiovascular events in 
patients with a history of MI13 and validated in other 
populations, including patients with stable atheroscle-
rotic cardiovascular disease (ASCVD).14,15 The original 
version conferred 1 point for each of 9 cardiovascular 
risk factors: HF, hypertension, age ≥75 years, diabetes 
mellitus, prior stroke, prior coronary artery bypass graft 
surgery, peripheral vascular disease, estimated glomer-
ular filtration rate <60 mL·min1·1.73 m2, and current 
smoking.13 To stratify risk in patients with stable ASCVD, 

the score was adapted to include prior MI as a risk factor 
to make a maximum 10-point score.15 The 10-point TRS 
2°P was evaluated in patients with T2DM and high car-
diovascular risk with data from the SAVOR TIMI 53 trial 
(Saxagliptin Assessment of Vascular Outcomes Recorded 
in Patients with Diabetes Mellitus-Thrombolysis in Myo-
cardial Infarction 53)7 and validated for the prediction of 
major adverse cardiovascular events (MACE) using the 
cohort of patients with T2DM and high cardiovascular 
risk from the REACH observational registry (Reduction 
of Atherothrombosis for Continued Health).7,16

In the EMPA-REG OUTCOME trial (BI 10773 [Empa-
gliflozin] Cardiovascular Outcome Event Trial in Type 
2 Diabetes Mellitus Patients) in patients with T2DM 
and ASCVD, the sodium glucose cotransporter 2 in-
hibitor empagliflozin given in addition to standard of 
care reduced the risk of 3-point MACE (composite of 
cardiovascular death, nonfatal MI, or nonfatal stroke) 
by 14%, cardiovascular death by 38%, all-cause death 
by 32%, and hospitalization for heart failure (HHF) by 
35% in comparison with placebo.17 ASCVD was de-
fined as a prior atherothrombotic event (MI or stroke) 
and other vascular manifestations of ASCVD (multives-
sel coronary artery disease; single-vessel coronary artery 
disease with ischemia and unstable angina ≤12 months 
before consent or occlusive peripheral artery disease).17

Currently, it is uncertain whether patients with di-
abetes mellitus with other ASCVD risk factors yet no 
prior proven ASCVD derive cardiovascular benefits 
from sodium glucose cotransporter 2 inhibition. In the 
CANVAS trials program (Canagliflozin Cardiovascular 
Assessment Study), the subgroup with no ASCVD had 
no apparent reduction in risk for the primary outcome 
in comparison with patients with prevalent ASCVD at 
trial entry, with a P value for interaction of 0.18. Conse-
quently, it is important to determine whether patients 
at lower risk of cardiovascular events have a reduction 
of risk for cardiovascular outcomes with empagliflozin.

In the present analyses, we (1) assessed the spectrum 
of predicted and observed cardiovascular risk among 
patients with T2DM and prevalent ASCVD enrolled in 
the EMPA REG OUTCOME trial, and (2) investigated 
whether the effects of empagliflozin on cardiovascular 
outcomes and mortality varied across the spectrum of 
cardiovascular risk at baseline. We assessed the risk of 
these outcomes in subgroups of patients (1) with and 
without a prior atherothrombotic event (MI or stroke) 
at baseline, and (2) stratified by baseline cardiovascular 
risk estimated using the 10-point TRS 2°P.

METHODS
Data Sharing
To ensure independent interpretation of clinical study results, 
Boehringer Ingelheim grants all external authors access to 
all relevant material, including participant-level clinical study 

Clinical Perspective

What Is New?
•	 Among patients with type 2 diabetes mellitus and 

prevalent atherosclerotic cardiovascular disease, 
there is a 10-fold variation in future cardiovascular 
(CV) risk.

•	 In this group, individuals with or without a prior 
atherothrombotic event, and across the spectrum 
of predicted risk derived from baseline character-
istics, have a similar reduction in CV mortality and 
hospitalization for heart failure with the sodium 
glucose cotransporter 2 inhibitor, empagliflozin.

What Are the Clinical Implications?
•	 The reduction of CV events with empagliflozin, in 

patients with type 2 diabetes mellitus and known 
atherosclerotic CV disease extends across the spec-
trum of underlying CV risk, and is not confined to 
patients at the highest risk.

•	 Empagliflozin should be considered in patients 
with type 2 diabetes mellitus and all forms of ath-
erosclerotic CV disease to reduce CV mortality and 
hospitalization for heart failure.
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data, and relevant material as needed by them to fulfill 
their role and obligations as authors under the International 
Committee of Medical Journal Editors criteria. Furthermore, 
clinical study documents (eg, study report, study protocol, 
statistical analysis plan) and participant clinical study data 
are available to be shared after publication of the primary 
manuscript in a peer-reviewed journal and if regulatory activi-
ties are complete and other criteria met per the BI Policy on 
Transparency and Publication of Clinical Study Data: https://
trials.boehringer-ingelheim.com/transparency_policy.html.

Before providing access, documents will be examined, 
and, if necessary, redacted and the data will be deidentified, 
to protect the personal data of study participants and person-
nel, and to respect the boundaries of the informed consent 
of the study participants. Clinical Study Reports and Related 
Clinical Documents can be requested via this link: 

https://trials.boehringer-ingelheim.com/trial_results/clini-
cal_submission_documents.html.

All such requests will be governed by a Document Sharing 
Agreement. Bona fide, qualified scientific and medical 
researchers may request access to deidentified, analyzable 
participant clinical study data with corresponding documen-
tation describing the structure and content of the data sets. 
On approval, and governed by a Data Sharing Agreement, 
data are shared in a secured data-access system for a lim-
ited period of 1 year, which may be extended on request. 
Researchers should use https://clinicalstudydatarequest.com 
to request access to study data.

Trial Design
Patients with T2DM and hemoglobin A1c (HbA1c) 7% to 
10%, established ASCVD, and estimated glomerular filtra-
tion rate ≥30 mL·min1·1.73m2 were randomly assigned to 
receive empagliflozin 10 mg, empagliflozin 25 mg, or placebo 
once daily in addition to standard of care. Investigators were 
encouraged to treat cardiovascular risk factors to achieve 
optimal standard of care according to local guidelines. The 
trial was to continue until ≥691 patients experienced an adju-
dicated primary outcome event (3-point MACE). Patients who 
prematurely discontinued study medication were followed for 
ascertainment of cardiovascular outcomes and vital status.17

The trial was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and the International 
Conference on Harmonization Good Clinical Practice guide-
lines and was approved by local authorities. An independent 
ethics committee or institutional review board approved the 
clinical protocol for each participating center. Patients pro-
vided written informed consent before entering the trial.

Outcomes
We analyzed the risks of cardiovascular death, all-cause 
mortality, 3-point MACE, HHF, and the composite of HHF or 
cardiovascular death, and the effects of empagliflozin ver-
sus placebo on these outcomes in subgroups stratified by 
the presence or absence of prior MI or stroke. Furthermore, 
we analyzed the same risks and effects of empagliflozin in 
subgroups stratified based on 10-point TRS 2°P at baseline. 
Baseline HF used in the TRS 2°P was based on the Medical 
Dictionary for Regulatory Activities preferred term “cardiac 
failure congestive”. Patients were categorized into 4 groups 

based on 10-point TRS 2°P risk scores of ≤2 points, 3 points, 
4 points, and ≥5 points. We labeled these low risk, intermedi-
ate risk, high risk, and highest risk, respectively. The subgroup 
analysis by the TRS 2°P risk score was not prespecified in the 
original statistical analysis.

Analyses
Analyses were performed in patients treated with ≥1 dose of 
study drug. Differences in risk for the 2 doses of empagliflozin 
pooled versus placebo were compared by using multivari-
able Cox proportional hazards regression analyses includ-
ing factors for age, sex, baseline body mass index, baseline 
estimated glomerular filtration rate, region, baseline HbA1c, 
and randomized group. Subgroup analyses by history of MI 
or stroke at baseline were performed using the main analysis 
model,17 with additional factors for prior MI or stroke and the 
interaction term of randomized group-by-prior MI or stroke. 
Subgroup analyses by TRS 2°P at baseline were performed 
using the main analysis model with additional factors for TRS 
2°P category and the interaction term of randomized group-
by-TRS 2°P category. P values for randomized group-by-sub-
group interactions were obtained from tests of heterogeneity 
of treatment group differences among subgroups with no 
adjustment for multiple testing.

RESULTS
Patients With and Without Prior MI or 
Stroke
Of 7020 patients who received study drug, 65% in 
both the empagliflozin pooled and placebo groups had 
a prior MI or stroke, whereas 35% had coronary artery 
disease and peripheral artery disease without a prior MI 
and stroke. Those with versus without a prior MI and 
stroke were more likely to be white; have HF; be tak-
ing β-blockers, mineralocorticoid receptor antagonists, 
statins, or clopidogrel; and less likely to have a diagno-
sis of T2DM for >10 years. Baseline characteristics were 
similar between the empagliflozin and placebo groups 
in both strata defined by prior MI or stroke (Table 1).

In the placebo group, cardiovascular death occurred 
in 7.0% of patients with a prior MI or stroke and 3.7% 
of patients without (Figure 1). The proportions of pa-
tients with all-cause mortality, 3-point MACE, and HF 
outcomes were also greater in those with versus with-
out a prior MI or stroke (Figure 1). The reductions in 
risk of cardiovascular death, all-cause mortality, 3-point 
MACE, HHF, and the composite of HHF or cardiovas-
cular death with empagliflozin were consistent in pa-
tients with and without a prior MI or stroke (P>0.05 for 
treatment by subgroup interactions) (Figure 2). The ef-
fects of empagliflozin versus placebo on cardiovascular 
death, all-cause mortality, and HHF were also consistent 
in subgroups by prior MI and by prior stroke (P>0.05 
for randomized group-by-subgroup interaction tests) 
(Figures 3 and 4).
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Table 1.  Baseline Characteristics in Patients With and Without a History of Myocardial Infarction or Stroke at Baseline

Characteristics

Patients With a Prior MI or  
Stroke at Baseline

Patients Without a Prior MI or  
Stroke at Baseline

Placebo (n=1518)
Empagliflozin 

Pooled (n=3048) Placebo (n=815)
Empagliflozin 

Pooled (n=1639)

Male 1098 (72.3) 2189 (71.8) 582 (71.4) 1147 (70.0)

Age, y 63.0±8.8 62.8±8.6 63.6±8.8 63.7±8.5

Race

 ������� White 1116 (73.5) 2260 (74.1) 562 (69.0) 1143 (69.7)

 ������� Asian 317 (20.9) 633 (20.8) 194 (23.8) 373 (22.8)

 ������� Black/African-American 71 (4.7) 133 (4.4) 49 (6.0) 104 (6.3)

 ������� Other/missing 14 (0.9) 22 (0.7) 10 (1.2) 19 (1.2)

Region

 ������� Europe 694 (45.7) 1369 (44.9) 265 (32.5) 557 (34.0)

 ������� North America (plus America and New Zealand) 262 (17.3) 552 (18.1) 200 (24.5) 380 (23.2)

 ������� Asia 278 (18.3) 563 (18.5) 172 (21.1) 334 (20.4)

 ������� Latin America 214 (14.1) 431 (14.1) 146 (17.9) 290 (17.7)

 ������� Africa 70 (4.6) 133 (4.4) 32 (3.9) 78 (4.8)

Body mass index, kg/m2 30.7±5.2 30.6±5.3 30.6±5.3 30.6±5.3

Systolic blood pressure, mm Hg 135.6±17.6 135.0±16.5 136.2±16.5 135.7±17.7

Diastolic blood pressure, mm Hg 77.0±10.0 77.2±9.7 76.5±10.5 75.6±9.7

Estimated glomerular filtration rate (MDRD), mL·min1·1.73m2* 74.1±21.1 74.2±21.3 73.4±21.0 74.2±22.0

HbA1c, %* 8.07±0.84 8.06±0.86 8.10±0.84 8.08±0.82

Time since diagnosis of type 2 diabetes mellitus

 ������� ≤1 y 39 (2.6) 103 (3.4) 13 (1.6) 25 (1.5)

 ������� >1 to 5 y 264 (17.4) 498 (16.3) 107 (13.1) 214 (13.1)

 ������� >5 to 10 y 384 (25.3) 805 (26.4) 187 (22.9) 370 (22.6)

 ������� >10 y 831 (54.7) 1642 (53.9) 508 (62.3) 1030 (62.8)

Any cardiovascular disease

 ������� Coronary artery disease 1165 (76.7) 2348 (77.0) 598 (73.4) 1197 (73.0)

 ������� Multivessel coronary artery disease 622 (41.0) 1223 (40.1) 478 (58.7) 956 (58.3)

 ������� History of myocardial infarction 1083 (71.3) 2190 (71.9) 0 0

 ������� Coronary artery bypass graft 315 (20.8) 662 (21.7) 248 (30.4) 513 (31.3)

 ������� History of stroke† 553 (36.4) 1084 (35.6) 0 0

 ������� Peripheral artery disease* 199 (13.1) 377 (12.4) 280 (34.4) 605 (36.9)

 ������� Single vessel coronary artery disease† 170 (11.2) 344 (11.3) 68 (8.3) 154 (9.4)

  Heart failure‡ 191 (12.6) 358 (11.7) 53 (6.5) 104 (6.3)

Antihypertensive therapy

 ������� ACE inhibitor/ARB 1248 (82.2) 2491 (81.7) 620 (76.1) 1307 (79.7)

 ������� β-Blocker 1002 (66.0) 2012 (66.0) 496 (60.9) 1044 (63.7)

 ������� Diuretic 657 (43.3) 1340 (44.0) 331 (40.6) 707 (43.1)

 ������� Calcium channel blocker 497 (32.7) 958 (31.4) 291 (35.7) 571 (34.8)

 ������� Mineralocorticoid receptor antagonist 113 (7.4) 223 (7.3) 23 (2.8) 82 (5.0)

LDL cholesterol-lowering therapy

 ������� Statin 1163 (76.6) 2413 (79.2) 610 (74.8) 1217 (74.3)

 ������� Ezetimibe 52 (3.4) 131 (4.3) 29 (3.6) 58 (3.5)

Antithrombotic therapy

 ������� Aspirin 1261 (83.1) 2511 (82.4) 666 (81.7) 1365 (83.3)

(Continued )
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Patients Stratified by TRS 2°P at Baseline
Based on the TRS 2°P at baseline, 12%, 40%, 30%, 
and 18% of patients, respectively, were at low, inter-
mediate, high, and highest estimated cardiovascular 
risk. These proportions were similar between the em-
pagliflozin and placebo groups: low cardiovascular risk, 
12.0% versus 11.8% with empagliflozin versus pla-
cebo; intermediate cardiovascular risk, 39.9% versus 
41.2%; high cardiovascular risk, 30.9% versus 28.6%; 
and highest cardiovascular risk, 17.2% versus 18.4%. 
The distribution of patients across all risk score catego-
ries is shown in Figure I in the online-only Data Supple-
ment. Baseline characteristics were similar between the 
empagliflozin and placebo groups across the 4 estimat-
ed cardiovascular risk categories (Table 2).

In the placebo group, the proportion of patients with 
cardiovascular death ranged from 2.2% to 11.2%, and 
the proportion with HHF ranged from 1.1% to 10.0%, 
across the subgroups by TRS 2°P at baseline. The pro-
portions of patients with all-cause mortality and 3-point 
MACE also increased with greater TRS 2°P at baseline 
(Figure 5). The reductions in risk of cardiovascular death, 
all-cause mortality, 3-point MACE, HHF, and HHF or 
cardiovascular death with empagliflozin versus placebo 

were consistent across subgroups by baseline TRS 2°P 
(P>0.05 for randomized group-by-subgroup interaction 
tests) (Figure 6).

DISCUSSION
Patients with T2DM and established ASCVD are con-
sidered to be at very high risk of cardiovascular events 
such as cardiovascular death, myocardial infarction, 
stroke, or HF. In general, the greater the burden of 
risk factors and cardiovascular disease in patients with 
T2DM, the higher the risk for subsequent cardiovascu-
lar events.7 Patients with a prior MI or stroke, especially 
those with T2DM, are at much higher cardiovascular 
risk than those without such a history18–20 and carry a 
substantial public health burden.21 Even if risk factor 
targets are met with management of glycemia, blood 
pressure, low-density lipoprotein cholesterol, smoking 
cessation, physical activity, and use of antithrombotic 
agents, patients with T2DM and established ASCVD re-
main at high risk of cardiovascular events.22,23

In the EMPA REG OUTCOME trial, all patients had 
T2DM and established ASCVD. However, results from 
the present analyses show that, in this population that 

Figure 1. Cardiovascular (CV) outcomes and 
mortality in the placebo group by presence 
or absence of prior myocardial infarction 
(MI) or stroke at baseline.  
Descriptive data in patients who received study 
drug. MACE indicates major adverse cardiovas-
cular events.

 ������� Clopidogrel 192 (12.6) 352 (11.5) 57 (7.0) 142 (8.7)

 ������� Vitamin K antagonist 114 (7.5) 180 (5.9) 42 (5.2) 86 (5.2)

Glucose-lowering medication

 ������� Metformin 1124 (74.0) 2235 (73.3) 610 (74.8) 1224 (74.7)

 ������� SU 628 (41.4) 1321 (43.3) 364 (44.7) 693 (42.3)

 ������� Insulin 727 (47.9) 1394 (45.7) 408 (50.1) 858 (52.3)

Data are n (%) or mean±SD in patients who received study drug. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; LDL, low 
density lipoprotein; MDRD, Modification of Diet in Renal Disease; MI, myocardial infarction; and SU, sulphonylurea.

*Information was not available for 2 patients.
†Information was not available for 1 patient.
‡Based on the narrow standardized Medical Dictionary for Regulatory Activities query cardiac failure.

Table 1.  Continued

Characteristics

Patients With a Prior MI and  
Stroke at Baseline

Patients Without a Prior MI and  
Stroke at Baseline

Placebo (n=1518)
Empagliflozin 

Pooled (n=3048) Placebo (n=815)
Empagliflozin 

Pooled (n=1639)
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is usually considered to have a very high cardiovascular 
risk for future events, there is a wide spectrum of risk. 
Patients with a history of an atherothrombotic event 
(MI or stroke) had 2-fold greater risk of cardiovascu-
lar death than individuals with ASCVD but no prior MI 

or stroke. The TRS 2°P identified a range of estimated 
cardiovascular risk, with observed rates of cardiovascu-
lar mortality >5-fold higher in the very-high-risk group 
(40.2 events per 1000 patient-years) in comparison 
with the lower risk cohort (7.2 events per 1000 patient-

Figure 2. Cardiovascular (CV) outcomes and mortality with empagliflozin versus placebo in subgroups stratified by presence or absence of prior 
myocardial infarction (MI) and stroke at baseline.  
Cox proportional hazards regression analyses in patients who received study drug. HR indicates hazard ratio; and MACE, major adverse cardiovascular events.

Figure 3. Cardiovascular (CV) outcomes and mortality with empagliflozin versus placebo by history of myocardial infarction (MI) at baseline.  
Cox regression analyses in patients who received study drug. HR indicates hazard ratio.
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Table 2.  Baseline Characteristics by Estimated Cardiovascular Risk at Baseline According to the 10-point TIMI Risk Score for Secondary Prevention: 
Low, ≤2 points; Intermediate, 3 points; High, 4 points; Highest, ≥5 points.

Characteristics

Low Intermediate High Highest

Placebo 
(n=275)

Empagliflozin 
Pooled (n=564)

Placebo 
(n=961)

Empagliflozin 
Pooled (n=1869)

Placebo 
(n=667)

Empagliflozin 
Pooled 

(n=1446)
Placebo 
(n=428)

Empagliflozin 
Pooled 
(n=805)

Male 205 (74.5) 404 (71.6) 649 (67.5) 1301 (69.6) 502 (75.3) 1038 (71.8) 322 (75.2) 590 (73.3)

Age, y 60.4±7.8 60.1±8.1 61.3±8.1 61.3±7.8 63.7±8.4 64.0±8.2 68.6±9.1 67.7±9.1

 ������� <50 24 (8.7) 64 (11.3) 77 (8.0) 145 (7.8) 30 (4.5) 63 (4.4) 11 (2.6) 25 (3.1)

 ������� 50 to <65 165 (60.0) 322 (57.1) 534 (55.6) 1028 (55.0) 320 (48.0) 677 (46.8) 135 (31.5) 271 (33.7)

 ������� 65 to <75 84 (30.5) 175 (31.0) 327 (34.0) 662 (35.4) 251 (37.6) 552 (38.2) 145 (33.9) 277 (34.4)

 ������� ≥75 2 (0.7) 3 (0.5) 23 (2.4) 34 (1.8) 66 (9.9) 154 (10.7) 137 (32.0) 232 (28.8)

Race

 ������� White 156 (56.7) 333 (59.0) 683 (71.1) 1313 (70.3) 496 (74.4) 1112 (76.9) 341 (79.7) 643 (79.9)

 ������� Asian 107 (38.9) 208 (36.9) 223 (23.2) 430 (23.0) 122 (18.3) 258 (17.8) 59 (13.8) 110 (13.7)

 ������� Black/African-
American

9 (3.3) 18 (3.2) 45 (4.7) 105 (5.6) 42 (6.3) 68 (4.7) 24 (5.6) 46 (5.7)

 ������� Other/missing 3 (1.1) 5 (0.9) 10 (1.0) 21 (1.1) 7 (1.0) 8 (0.6) 4 (0.9) 6 (0.7)

Region

 ������� Europe 78 (28.4) 175 (31.0) 410 (42.7) 790 (42.3) 291 (43.6) 645 (44.6) 179 (41.8) 316 (39.3)

 ������� North America (plus 
America and New 
Zealand)

41 (14.9) 78 (13.8) 153 (15.9) 294 (15.7) 127 (19.0) 302 (20.9) 140 (32.7) 257 (31.9)

 ������� Asia 98 (35.6) 194 (34.4) 198 (20.6) 390 (20.9) 106 (15.9) 226 (15.6) 48 (11.2) 87 (10.8)

 ������� Latin America 51 (18.5) 99 (17.6) 166 (17.3) 316 (16.9) 104 (15.6) 203 (14.0) 39 (9.1) 101 (12.5)

 ������� Africa 7 (2.5) 18 (3.2) 34 (3.5) 79 (4.2) 39 (5.8) 70 (4.8) 22 (5.1) 44 (5.5)

Body mass index, kg/m2 29.8±5.3 29.6±5.1 30.6±5.0 30.6±5.4 30.9±5.3 30.9±5.2 30.8±5.4 30.8±5.2

SBP, mm Hg 131.6±15.7 131.3±14.9 135.5±16.2 134.9±16.3 137.0±17.4 136.7±17.7 137.1±19.5 136.2±17.9

DBP, mm Hg 76.2±9.2 76.0±9.1 78.3±9.9 77.8±9.5 76.6±10.0 76.6±9.7 74.2±11.0 74.3±10.2

History of hypertension 172 (62.5) 325 (57.6) 908 (94.5) 1731 (92.6) 646 (96.9) 1409 (97.4) 425 (99.3) 798 (99.1)

Estimated glomerular 
filtration rate (MDRD), 
mL·min1·1.73m2

83.6±16.6 83.7±16.3 80.4±18.4 81.6±19.2 69.6±20.9 70.3±21.5 59.3±20.0 57.2±18.5

 ������� ≥60 271 (98.5) 562 (99.6) 883 (91.9) 1741 (93.2) 418 (62.7) 917 (63.4) 152 (35.5) 252 (31.3)

 ������� <60 4 (1.5) 2 (0.4) 78 (8.1) 128 (6.8) 249 (37.3) 529 (36.6) 276 (64.5) 553 (68.7)

HbA1c, %* 8.12±0.75 8.04±0.84 8.08±0.85 8.08±0.84 8.13±0.87 8.06±0.86 7.98±0.82 8.07±0.84

Time since diagnosis of type 2 diabetes mellitus

 ������� ≤1 y 5 (1.8) 15 (2.7) 32 (3.3) 65 (3.5) 10 (1.5) 31 (2.1) 5 (1.2) 17 (2.1)

 ������� >1 to 5 y 46 (16.7) 105 (18.6) 188 (19.6) 324 (17.3) 93 (13.9) 206 (14.2) 44 (10.3) 77 (9.6)

 ������� >5 to 10 y 66 (24.0) 155 (27.5) 268 (27.9) 486 (26.0) 163 (24.4) 348 (24.1) 73 (17.1) 185 (23.0)

 ������� >10 y 158 (57.5) 289 (51.2) 473 (49.2) 994 (53.2) 401 (60.1) 861 (59.5) 306 (71.5) 526 (65.3)

Smoking status

 ������� Never smoked 118 (42.9) 275 (48.8) 482 (50.2) 865 (46.3) 228 (34.2) 528 (36.5) 129 (30.1) 256 (31.8)

 ������� Ex-smoker 149 (54.2) 282 (50.0) 445 (46.3) 885 (47.4) 288 (43.2) 598 (41.4) 190 (44.4) 368 (45.7)

 ������� Current smoker 8 (2.9) 7 (1.2) 34 (3.5) 119 (6.4) 151 (22.6) 320 (22.1) 109 (25.5) 181 (22.5)

Any cardiovascular disease

 ������� Coronary artery 
disease

230 (83.6) 480 (85.1) 636 (66.2) 1266 (67.7) 504 (75.6) 1081 (74.8) 391 (91.4) 716 (88.9)

 ������� Multivessel coronary 
artery disease

182 (66.2) 362 (64.2) 351 (36.5) 697 (37.3) 306 (45.9) 655 (45.3) 259 (60.5) 464 (57.6)

 ������� History of myocardial 
infarction

31 (11.3) 106 (18.8) 401 (41.7) 756 (40.4) 347 (52.0) 760 (52.6) 302 (70.6) 566 (70.3)

(Continued )
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years). All-cause mortality, 3-point MACE, HHF, or the 
combined outcome of HHF or cardiovascular death 
were 4- to 10-fold higher in the very-high-risk subgroup 
than in the lower-risk patients. A similarly wide spec-
trum of cardiovascular risk was observed in the SAVOR 
TIMI 53 trial in patients with established ASCVD or at 
high ASCVD risk, with the 2-year incidence of 3-point 
MACE outcomes ranging from 0.9% to 19.8% across 
subgroups defined by TRS 2°P.7

We investigated whether the effects of empagliflozin 
on key cardiovascular outcomes and mortality in the 
EMPA-REG OUTCOME trial varied by cardiovascular risk 
estimated at baseline. Reductions in risk for cardiovas-
cular outcomes and mortality with empagliflozin versus 
placebo were observed across the spectrum of baseline 

cardiovascular risk, without evidence of heterogeneity 
of treatment effects in patients with or without a prior 
MI or stroke or across the spectrum of baseline estimat-
ed risk by the TRS 2°P risk score. Empagliflozin reduced 
cardiovascular mortality, all-cause mortality, and HHF 
irrespective of estimated cardiovascular risk based on 
baseline TRS 2°P, even in patients with a cardiovascular 
risk level comparable to that observed in patients with 
no established CVD.24

These observations are consistent with other analy-
ses of the EMPA-REG OUTCOME trial that showed a 
benefit from empagliflozin across a wide spectrum of 
baseline conditions and risk. Consistent effects of em-
pagliflozin in reducing cardiovascular outcomes and 
mortality have also been demonstrated in subgroups 

 ������� Coronary artery 
bypass graft

8 (2.9) 17 (3.0) 109 (11.3) 270 (14.4) 208 (31.2) 429 (29.7) 237 (55.4) 459 (57.0)

 ������� History of stroke 13 (4.7) 31 (5.5) 228 (23.7) 427 (22.8) 171 (25.6) 351 (24.3) 141 (32.9) 275 (34.2)

 ������� Peripheral artery 
disease

20 (7.3) 40 (7.1) 135 (14.0) 264 (14.1) 142 (21.3) 337 (23.3) 182 (42.5) 340 (42.2)

 ������� Single vessel coronary 
artery disease*

37 (13.5) 89 (15.8) 101 (10.5) 201 (10.8) 67 (10.0) 138 (9.5) 33 (7.7) 70 (8.7)

  Congestive heart failure† 1 (0.4) 3 (0.5) 8 (0.8) 16 (0.9) 26 (3.9) 56 (3.9) 53 (12.4) 106 (13.2)

Antihypertensive therapy

 ������� ACE inhibitor/ARB 174 (63.3) 357 (63.3) 776 (80.7) 1533 (82.0) 555 (83.2) 1217 (84.2) 361 (84.3) 689 (85.6)

 ������� β-Blocker 164 (59.6) 365 (64.7) 567 (59.0) 1147 (61.4) 450 (67.5) 952 (65.8) 316 (73.8) 590 (73.3)

 ������� Diuretic 75 (27.3) 148 (26.2) 333 (34.7) 731 (39.1) 329 (49.3) 688 (47.6) 250 (58.4) 478 (59.4)

 ������� Calcium channel 
blocker

77 (28.0) 148 (26.2) 313 (32.6) 614 (32.9) 237 (35.5) 493 (34.1) 161 (37.6) 273 (33.9)

 ������� Mineralocorticoid 
receptor antagonist

6 (2.2) 22 (3.9) 39 (4.1) 97 (5.2) 55 (8.2) 101 (7.0) 36 (8.4) 85 (10.6)

 ������� Renin inhibitor 3 (1.1) 0 3 (0.3) 8 (0.4) 9 (1.3) 8 (0.6) 4 (0.9) 11 (1.4)

Lipid-lowering therapy

 ������� Statin 222 (80.7) 437 (77.5) 688 (71.6) 1395 (74.6) 528 (79.2) 1122 (77.6) 334 (78.0) 674 (83.7)

 ������� Ezetimibe 9 (3.3) 18 (3.2) 25 (2.6) 69 (3.7) 30 (4.5) 64 (4.4) 17 (4.0) 38 (4.7)

Anticoagulant

 ������� Acetylsalicylic acid 238 (86.5) 482 (85.5) 757 (78.8) 1520 (81.3) 564 (84.6) 1192 (82.4) 366 (85.5) 680 (84.5)

 ������� Clopidogrel 34 (12.4) 86 (15.2) 91 (9.5) 177 (9.5) 76 (11.4) 141 (9.8) 48 (11.2) 90 (11.2)

 ������� Vitamin K antagonist 6 (2.2) 13 (2.3) 51 (5.3) 84 (4.5) 44 (6.6) 89 (6.2) 55 (12.9) 80 (9.9)

Glucose-lowering medication

 ������� Metformin 235 (85.5) 455 (80.7) 741 (77.1) 1488 (79.6) 482 (72.3) 1034 (71.5) 275 (64.3) 479 (59.5)

 ������� SU 147 (53.5) 283 (50.2) 433 (45.1) 837 (44.8) 260 (39.0) 602 (41.6) 152 (35.5) 291 (36.1)

 ������� Insulin 102 (37.1) 227 (40.2) 414 (43.1) 804 (43.0) 366 (54.9) 738 (51.0) 252 (58.9) 481 (59.8)

Data are n (%) or mean±SD in patients who received study drug. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; DBP, diastolic 
blood pressure; MedDRA; Medical Dictionary for Regulatory Activities; MDRD, Modification of Diet in Renal Disease; SBP, systolic blood pressure; SU, sulphonylurea; 
and TIMI, Thrombolysis In Myocardial Infarction.

*Information was not available for 1 patient. 
†MedDRA-preferred term cardiac failure congestive.

Table 2.  Continued

Characteristics

Low Intermediate High Highest

Placebo 
(n=275)

Empagliflozin 
Pooled (n=564)

Placebo 
(n=961)

Empagliflozin 
Pooled (n=1869)

Placebo 
(n=667)

Empagliflozin 
Pooled 

(n=1446)
Placebo 
(n=428)

Empagliflozin 
Pooled 
(n=805)



Fitchett et al� CV Outcomes by CV Risk in EMPA-REG OUTCOME

March 12, 2019� Circulation. 2019;139:1384–1395. DOI: 10.1161/CIRCULATIONAHA.118.0377781392

OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

with and without a history of coronary artery bypass 
graft surgery,25 and with or without peripheral artery 
disease at baseline.26 In addition, the reduction in risk 
of HHF with empagliflozin has been shown to be con-
sistent in patients with and without HF at baseline27 and 
across the spectrum of HF risk assessed using the 9-vari-
able Health ABC risk score based on age, coronary ar-
tery disease, systolic blood pressure, heart rate, left ven-
tricular hypertrophy, smoking, serum albumin, fasting 
blood glucose, and creatinine.28,29 Consistent effects 
of empagliflozin on cardiovascular outcomes have also 
been demonstrated across subgroups based on age,30,31 
sex,32 HbA1c,17,33,34 kidney function,35 hypertension and 
use of antihypertensive therapy,17 use of statins or ezeti-
mibe,17 and smoking status,36 and in analyses adjusting 

for control of HbA1c, blood pressure, and low-density 
lipoprotein cholesterol during the trial.37,38 Thus, the 
cardiovascular benefits of empagliflozin appear to ap-
ply irrespective of the degree of cardiovascular risk and 
cardiovascular risk reduction strategies in patients who 
have T2DM with prevalent ASCVD.

The mechanisms responsible for the reductions in 
cardiovascular risk with empagliflozin remain to be fully 
elucidated. By blocking the action of sodium glucose 
cotransporter 2  in the proximal tubule, empagliflozin 
reduces renal glucose reabsorption and increases uri-
nary glucose excretion. This is accompanied by transient 
natriuresis and increases in urine volume.39,40 Retaining 
glucose, sodium, and water in the proximal tubule leads 
to secondary downstream effects on glucose metabo-

Figure 4. Cardiovascular (CV) outcomes and mortality with empagliflozin versus placebo by history of stroke at baseline.  
Cox regression analyses in patients who received study drug.

Figure 5. Cardiovascular (CV) outcomes and mortality in the placebo group by estimated CV risk according to 10-point TIMI Risk Score for Secondary 
Prevention at baseline: low, ≤2 points; intermediate, 3 points; high, 4 points; and highest, ≥5 points. 
Descriptive data in patients who received study drug. MACE indicates major adverse cardiovascular events.
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lism and salt and water handling. This is associated with 
reductions in plasma volume,41 increases in hematocrit 
and hemoglobin,35,42 and reductions in arterial stiffness 
and vascular resistance.43 In an exploratory mediation 
analysis, changes in markers of plasma volume ap-
peared to be important mediators of the reduction in 
risk of cardiovascular death with empagliflozin.42 Other 
proposed mechanisms include the fuel hypothesis, with 
ketone bodies (which circulate in increased concentra-
tions after sodium glucose cotransporter 2  inhibition) 
being a more efficient metabolite for a stressed myo-
cardium.44 Multiple analyses suggest that the protective 
cardiorenal effects of empagliflozin are largely indepen-
dent of its glucose-lowering effects.34,42,45

Strengths of the present analyses include the large 
sample size, near-complete ascertainment of vital sta-
tus (>99% of the trial population), and the prospec-
tive capture and central adjudication of cardiovascular 
events. Limitations include their post hoc nature and 
the lack of adjustment for in-trial changes in back-
ground medications.

In conclusion, patients with T2DM and prevalent AS-
CVD risk exhibit a wide variation in risk for subsequent 
cardiovascular outcomes, with risk stratified by prior MI/
stroke and well stratified by the TRS 2°P. Empagliflozin has 
a robust treatment effect in reducing mortality and HHF 
across a spectrum of cardiovascular risk. These findings 
suggest that treatment with empagliflozin might benefit 
patients with T2DM and ASCVD irrespective of a history 
of MI or stroke and across the spectrum of estimated car-
diovascular risk. The DECLARE trial (Dapagliflozin Effect 
on Cardiovascular Events), which included a large propor-
tion of patients with no prior established ASCVD, has re-
ported a statistically significant reduction in the coprimary 
combined end point of cardiovascular mortality or HHF, 
but no reduction of cardiovascular mortality.46
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Figure 6. Cardiovascular (CV) outcomes and mortality with empagliflozin versus placebo by estimated CV risk according to 10-point TIMI Risk Score 
for Secondary Prevention at baseline: low, ≤2 points; intermediate, 3 points; high, 4 points; and highest, ≥5 points.  
Cox proportional hazards regression analyses in patients who received study drug. HR indicates hazard ratio; and MACE, major adverse cardiovascular events.
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