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ABSTRACT

Background: The presence of ischemic heart disease impacts prognosis in patients affected by
heart failure and reduced ejection fraction (HFrEF). It is not well known how the extent of vas-
cular disease impacts prognoses and responses to therapy in this setting.
Methods: In this post hoc analysis of the EMPEROR-Reduced trial, outcomes and the effects of
empagliflozin, were assessed in study participants according to the extent (none vs mono1 vs
poly [� 2] vascular bed) of vascular disease. Vascular diseasewas defined as investigator-reported
coronary artery disease (CAD), peripheral artery disease (PAD) and cerebrovascular disease at
baseline. Cox proportional-hazards models were used to calculate hazard ratios (HRs) and 95%
confidence intervals (CIs). Incidence rates are presented per 100 person-years (py) of follow-up.
Results: Of the 3730 study participants enrolled, 1324 (35.5%) had no vascular disease, 1879
(50.4%) had monovascular disease, and 527 (14.1%) had polyvascular disease. Participants
with polyvascular disease tended to be older and male and to have had histories of hyperten-
sion, diabetes and smoking. In the placebo arm, a significantly higher risk for cardiovascular
death existed in those with polyvascular disease (HR 1.57, 95% CI1.02, 2.44, compared to those
with no vascular disease). In adjusted analysis, the benefit of empagliflozin in cardiovascular
death or hospitalization due to HF, HF hospitalization, cardiovascular death, renal composite
endpoint, estimated glomerular filtration slope changes, and health status scores were seen
across the 3 groups (interaction P > 0.05 for all) but were attenuated in those with polyvascu-
lar disease. Adverse events were higher in those with polyvascular disease, but no major dif-
ferences were noted between empagliflozin or placebo assignment in the 3 groups.
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Conclusion: In patients with HFrEF, the extent of vascular disease is associated with the risk
for adverse cardiovascular outcomes. Empagliflozin offers cardiovascular and renal benefits in
HFrEF across the extent of vascular disease, but this benefit is attenuated in those with poly-
vascular disease. (J Cardiac Fail 2023;00:1�10)
Sodium-glucose cotransporter-2 (SGLT2) inhibitors
are a class I guideline-directed medical therapy
(GDMT) for patients with heart failure with reduced
ejection fraction (HFrEF).1-4 In both the DAPA-HF
(Dapagliflozin and Prevention of Adverse Outcomes
in Heart Failure) and the EMPEROR-Reduced (Empa-
gliflozin Outcome Trial in Patients with Chronic
Heart Failure with Reduced Ejection Fraction) trials,
dapagliflozin and empagliflozin improved the out-
comes of study participants with HFrEF independent
of diabetes status.5,6 A better understanding of how
GDMT reduces risk across the HF spectrum is impor-
tant, including understanding the benefit of medical
therapies relative to the presence and severity of risk
factors causing HF or contributing to its outcome.
A dominant risk factor for HF onset and its compli-

cations is atherosclerotic cardiovascular disease. Per-
sons with atherosclerotic vascular disease are at
higher risk for poorer outcomes in general7�13; data
are mixed with respect to whether this may be par-
ticularly the case for those with HF.14 However, the
natural history and outcomes of those with HFrEF as
well as the benefit of HF therapies across the extent
of vascular disease are not clearly known. It was
recently reported that empagliflozin offered cardio-
vascular and renal benefits in persons with HFrEF,
regardless of ischemic or nonischemic etiology of
HF.15 In the prior analysis, the extent of vascular dis-
ease, including presence in other vascular territories,
was not considered.
In this post hoc analysis of the EMPEROR-Reduced

trial, we sought to investigate how the extent of
vascular disease burden affects prognosis as well as
the effect of empagliflozin on cardiovascular and
renal outcomes according to the extent of vascular
disease in individuals with HFrEF.
Methods

Trial Design and Patient Population

The EMPEROR-Reduced trial was a randomized,
double-blind, placebo-controlled trial that enrolled
3730 participants. The design and results of the trial
have been published previously.2,16 Briefly, patients
with chronic HF, New York Heart Association class
II�IV symptoms with left ventricular ejection frac-
tion (LVEF) � 40% were enrolled. To be eligible, par-
ticipants had either a hospitalization due to HF
within 12 months or an LVEF of � 30% and an
N-terminal pro B-type natriuretic peptide
(NT-proBNP) levels of > 600 pg/mL. For patients with
an LVEF of 31%�35% or 36%�40%, NT-proBNP
had to be > 1000 pg/mL or > 2500 pg/mL, respec-
tively, for inclusion. Persons with systolic blood pres-
sure of < 100 mmHg or symptomatic hypotension or
an estimated glomerular filtration rate (eGFR) < 20
mL/min/1.73m2 or requiring dialysis were excluded.
Study participants were randomized (1:1) to receive
once-daily empagliflozin 10 mg or placebo.
Presence, Type and Extent of Vascular Disease

Vascular disease type was defined as investigator-
reported coronary artery disease (CAD), peripheral
artery disease (PAD) and cerebrovascular disease at
baseline. CAD was defined as history of myocardial
infarction, prior revascularization, documented his-
tory of CAD, or acute coronary syndrome during the
past 6 months. Cerebrovascular disease was defined
as a history of stroke (ischemic or hemorrhagic) or
transient ischemic attack or cerebrovascular disease
other than stroke or transient ischemic attack. PAD
was defined as peripheral artery occlusive disease
according to the investigator`s judgment or prior
lower-limb amputation. Extent of vascular disease
was defined according to number of vascular beds
involved: 0 (none), 1 (monovascular) or � 2 (polyvas-
cular) disease.
Outcomes

Multiple cardiorenal endpoints were studied
across the 3 groups of patients based on the extent
of vascular disease burden at baseline, including (1)
time to cardiovascular death or HF hospitalization;
(2) time to HF hospitalization; (3) time to cardiovas-
cular death; (4) changes in eGFR slope; (5) renal com-
posite endpoint; and (6) changes in health status.
The renal composite endpoint was defined as the
need for chronic dialysis or renal transplantation or
a � 40% decrease in eGFR (by the Chronic Kidney
Disease Epidemiology Collaboration formula) or a
sustained eGFR < 15 mL/min/1.73m2 (if the baseline
eGFR was � 30) or < 10 mL/min/1.73m2 (if the base-
line eGFR was < 30 mL/min/1.73m2). Health status
was assessed using Kansas City Cardiomyopathy
Questionnaire clinical summary score change from
baseline to weeks 12, 32 and 52.



Fig. 1. Venn diagram for the presence of coronary artery
disease, peripheral artery disease and cerebrovascular dis-
ease at baseline.

ARTICLE IN PRESS
Vascular Disease Burden, Outcomes and Benefits � KHAN et al 3
Statistical Analysis

Continuous variables are reported as mean (stan-
dard deviation) or median (interquartile ranges),
and categorical variables are reported as frequen-
cies and proportions. Baseline patients’ characteris-
tics were stratified according to extent of vascular
disease. Incidence rates for each outcome of interest
are presented per 100 person-years (py) of follow-
up. To determine the natural history of patients
with HFrEF with respect to vascular disease, inci-
dence rates for (1) time to cardiovascular death or
HF hospitalization; (2) time to HF hospitalization; (3)
time to cardiovascular death; and (4) renal compos-
ite endpoint were assessed in the placebo arm by
using Cox proportional hazards models. Results
were adjusted for smoking, age, sex, region, base-
line eGFR, body mass index, diabetes status, medical
therapy, systolic blood pressure, ejection fraction,
New York Heart Association class, baseline log (NT-
proBNP), history of HF hospitalization, hypertension,
and atrial fibrillation. To assess the effects of empa-
gliflozin, outcomes according to the extent of vascu-
lar involvement were evaluated using Cox
proportional hazards models. Hazard ratios (HRs),
95% confidence intervals (CIs), and 2-sided P values
were calculated. The HRs were adjusted for age, sex,
region, ejection fraction, diabetes status, and base-
line eGFR. Between-group differences in the chronic
slope of change in eGFRs were analyzed using a ran-
dom intercept random slope model. The difference
between treatment groups in the changes in Kansas
City Cardiomyopathy Questionnaire-Clinical Sum-
mary Score from baseline to weeks 12, 32 and 52
were assessed using a mixed model repeated meas-
ures analysis with the same covariates as for Cox pro-
portional hazard models. To evaluate whether there
was a linear trend across the groups of vascular dis-
ease, we used the trend test to investigate a contin-
uous category rank according to treatment
interaction. Stroke and acute myocardial infarction
events were also assessed in the various groups, but
due to the small number of events in subgroups,
only descriptive statistics were performed . Safety
events up to 7 days after end of treatment were also
compared among the various groups. Lower-limb
amputations were compared until completion of
the trial. All analyses were conducted using SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA). A P value of <
0.05 was considered significant.
Results

Baseline Characteristics

Of the 3730 study participants, 1324 (35.5%)
had no vascular disease, 1879 (50.4%) had mono-
vascular disease, and 527 (14.1%) had
polyvascular disease. The distribution and overlap
of the presence of CAD, PAD and cerebrovascular
disease are shown in Fig. 1. CAD was approxi-
mately 4 times more common than cerebrovascu-
lar disease, which, in turn, was approximately
twice as common as PAD. Almost 80% of the
patients with monovascular disease had CAD.
Table 1 shows the baseline characteristics of the
study’s participants stratified according to the
extent of vascular disease. Those with polyvascu-
lar disease were more likely to be older (69.6 vs
68.1 vs 64.0 years), to be male (82% vs 80% vs
68%) and to have histories of diabetes (60% vs
53% vs 41%), hypertension (84% vs 76% vs 63%)
and smoking (64% vs 57% vs 47%) than those
with monovascular and no vascular disease,
respectively. There was no difference in LVEF
(27.4% vs 27.6% vs 27.3%) or NT-proBNP levels
(median 2077 vs 1842 vs 1938 pg/mL) among the
3 groups.
Outcomes in the Placebo Arm

The rate of cardiovascular death or HF hospitaliza-
tion (20.2 vs 20.8 vs 24.9 events/100 py, respectively;
P = 0.87), HF hospitalization (15.5 vs 14.9 vs
18.5 events/100 py, respectively; P = 0.92), cardiovas-
cular death (7.5 vs 7.9 vs 11.9 events/100 py, respec-
tively; P = 0.06), and renal composite outcome (2.9 vs
3.0 vs 4.1 events/100 py, respectively; P = 0.80) in
patients with no, mono-, or polyvascular disease
were not statistically significantly different; how-
ever, they were numerically higher in patients with
polyvascular disease. Patients with polyvascular



Table 1. Baseline patient characteristics according to the extent of vascular disease

Variable
No Vascular Disease
(n = 1324)

Monovascular
(n = 1879)

Polyvascular
(n = 527)

Age, yearsr 64 (12) 68 (10) 70 (9)
Female, n (%) 418 (31.6) 383 (20.4) 92 (17.5)
White 850 (64.2) 1372 (73.0) 407 (77.2)
Black 142 (10.7) 92 (4.9) 23 (4.4)
Asian 266 (20.1) 330 (17.6) 76 (14.4)
Other or missing 54 (4.1) 51 (2.7) 21 (4.0)
North America 111 (8.4) 223 (11.9) 91 (17.3)
Latin America 605 (45.7) 562 (29.9) 119 (22.6)
Europe 339 (25.6) 768 (40.9) 246 (46.7)
Asia 202 (15.3) 330 (17.6) 63 (12.0)
Other 67 (5.1) 51 (2.7) 8 (1.5)
NYHA class I/II 1028 (77.6) 1413 (75.2) 359 (68.1)
NYHA class III/IV 296 (22.4) 466 (24.8) 168 (31.9)
Body mass index (kg/m2) 28.0 (5.8) 27.8 (5.2) 27.9 (5.2)
Ex-smoker 492 (37) 893 (48) 268 (51)
Current smoker 131 (10) 185 (10) 71 (14)
Heart rate, beats/min 73 (12) 70 (11) 71 (12)
Systolic blood pressure, mmHg 121.1 (15.7) 122.0 (15.5) 124 (16)
Diabetes (%) 547 (41.3) 991 (52.7) 308 (60.3)
Coronary artery disease (%) 0 1631 (86.8) 515 (97.7)
Peripheral arterial disease (%) 0 40(2.1) 244 (46.3)
Cerebrovascular disease (%) 0 208 (11.1) 350 (66.4)
History of myocardial infarction 0 1239 (65.9) 384 (72.9)
History of PCI or CABG 0 1150 (61.2) 373 (70.8)
Ejection fraction (%) 27.3 (6.1) 27.6 (5.9) 27.4 (6.4)
Median NT-proBNP-pg/mL 1938 (1144�3466) 1843 (1061�3274) 2077 (1292�4351)
Atrial fibrillation 307 (23.2) 316 (16.8) 110 (20.9)
Hypertension 836 (63.1) 1422 (75.7) 440 (83.5)
eGFR mean, mL/min/1.73 m2 66.6 (22.7) 60.4 (20.8) 56.3 (19.5)
eGFR < 60 mL/min/1.73 m2; n (%) 537 (40.6) 960 (51.1) 305 (57)
Implantable defibrillator 272 (20.5) 693 (36.9) 206 (39.1)
ACEi/ARB 958 (72.4) 1299 (69.1) 343 (65.1)
ARNI 240 (18.1) 379 (20.2) 108 (20.5)
Loop diuretic 1128 (85.2) 1574 (83.8) 448 (85.0)
Mineralocorticoid receptor antagonist 1007 (76.1) 1316 (70.0) 338 (64.1)
Beta-blocker 1240 (93.7) 1785 (95.0) 508 (96.4)

ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor;
CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration rate; NT-proBNP, N terminal pro brain natriuretic peptide; PCI,
percutaneous coronary intervention.
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disease had significantly higher risks of cardiovascu-
lar death than those with no vascular disease (HR
1.57; 95%CI1.02, 2.44; P = 0.04) (Table 2). The mean
slope of change in eGFR was -2.34, -2.29 and -2.11
mL/min/1.73 m2/year among patients with no,
mono-, and polyvascular disease, respectively.
Table 2. Outcomes according to the extent of vasc

Polyvascular Disease
(n = 250)

Time to First Event of CV Death or HHF
Incidence rates per 100 py 24.9 (19.4, 31.0)
Comparison vs no VD (HR and 95% CI) 1.06 (0.78�1.45)

Time to First HHF
Incidence rates per 100 py 18.5 (13.8, 23.8)
Comparison vs no VD (HR and 95% CI) 0.94 (0.66, 1.35)

Time to CV Death
Incidence rates per 100 py 11.9 (8.4, 15.9)
Comparison vs no VD (HR and 95% CI) 1.57 (1.02, 2.44)

Time to First Renal Composite Outcome
Incidence rates per 100 py 4.07 (2.0, 6.9)
Comparison vs no VD (HR and 95% CI) 1.31 (0.55�3.11)

CI, confidence interval; CV, cardiovascular; HHF, heart failure hospital
*P value from Cox proportional hazards test for a linear trend of the o
Effect of Empagliflozin on Outcomes

The effect of empagliflozin on cardiovascular
death or HF hospitalization was seen across the spec-
trum of baseline vascular disease (no vascular dis-
ease HR 0.63 [0.49�0.81]; monovascular disease HR
ular disease at baseline in the placebo group

Monovascular Disease
(n = 928)

No Vascular Disease
(n = 689) P trend*

20.8 (18.1, 23.6) 20.2 (17.1, 23.5) 0.65
1.06 (0.85�1.32) -

14.9 (12.7, 17.4) 15.5 (12.8,18.4) 0.71
0.96 (0.74, 1.23) -

7.86 (6.4, 9.5) 7.47 (5.8, 9.4) 0.06
1.11 (0.79,1.55) -

2.99 (2.0, 4.2) 2.85 (1.7, 4.3) 0.60
1.03 (0.55�1.93) -

ization; HR, hazard ratio; VD, vascular disease.
utcome across the groups of vascular disease.



Fig. 2. Kaplan-Meier curve regarding the effect of empagliflozin on hospitalization due to heart failure or cardiovascular
death, according to extent of baseline vascular disease.
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0.78 [0.64�0.94]; polyvascular disease HR = 0.90
[0.65�1.25]; P trend = 0.07), with an attenuated
effect in patients with polyvascular disease (Fig. 2).
The effects of empagliflozin compared with placebo
on other outcomes are shown in Fig. 3 and Table 3.
Stroke and Acute Myocardial Infarction

The incidence of stroke events was higher in the
group with polyvascular disease (total: 18 [3.4%];
placebo = 8 [3.2%]; empagliflozin = 10 [3.6%]) com-
pared with those with monovascular disease (total:
38 [2.0%]; placebo = 20 [2.2%], empagliflozin = 18
[1.9%]) and no vascular disease (total: 19 [1.4%]; pla-
cebo = 7 [1.0%]; empagliflozin = 12 [1.9%]). Simi-
larly, the incidence of acute myocardial infarction
events was higher in those with polyvascular disease
(total: 12 [2.3%]; placebo = 3 [1.2%]; empagliflo-
zin = 9 [3.2%]) compared with those with monovas-
cular disease (total: 21 [1.1%]; placebo = 12 [1.3%],
empagliflozin = 9 [0.9%]) and no vascular disease
(total: 6 [0.5%]; placebo = 5 [0.7%]; empagliflo-
zin = 1 [0.2%]).
Safety

The frequencies of severe adverse events were
similar in patients receiving empagliflozin vs pla-
cebo in the group with polyvascular disease (33.2%
vs 34.9%), monovascular disease (24.8% vs 27.1%)
and no vascular disease (20.6% vs 23.8%). In the
group with polyvascular disease, there were 9
(1.7%) lower-limb amputations, of which 6 (2.2%)
occurred in the empagliflozin group and 3 (1.2%) in
the placebo group. In the group with monovascular
disease, there were 11 (0.6%) lower-limb amputa-
tions, of which 7 (0.7%) occurred in the empagliflo-
zin group and 4 (0.4%) in the placebo group. In
patients with no vascular disease, there were 3



Fig. 3. Kaplan-Meier curve regarding the effect of empagliflozin on total hospitalizations due to heart failure according to
extent of baseline vascular disease.
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(0.2%) lower-limb amputations, all of which
occurred in the placebo group.
Discussion

In this analysis of the EMPEROR-Reduced trial, we
report several key findings. Those with polyvascular
disease were generally at higher risk and had inci-
dence rates of cardiovascular death that were statis-
tically significantly higher in study participants with
polyvascular disease compared to those with no vas-
cular disease. The beneficial effects of empagliflozin
on cardiovascular, renal and health-status outcomes
were seen across the spectrum of baseline vascular
disease. No statistical interaction was present; how-
ever, the effect of empagliflozin was numerically
smaller in those with polyvascular disease. These
results provide new insights regarding the impact of
the extent of baseline vascular disease on prognosis
and response to therapy in patients with HFrEF.

Our results emphasize the importance of polyvas-
cular disease as a significant risk factor for patients
with HFrEF. Previous studies have shown that poly-
vascular disease is associated with increased risk,
especially in patients with diabetes and baseline ath-
erosclerotic cardiovascular disease, but this was not
well documented for patients with HFrEF.10�13 It is
also consistent with the American College of Cardi-
ology/American Heart Association guidelines, which
have identified polyvascular disease as a marker for
very high cardiovascular risk.17 Interestingly, mono-
vascular disease did not confer a substantially higher
risk of adverse outcomes compared with no vascular
disease. This is similar to the results observed in the
EMPA-REG OUTCOME (Empagliflozin Cardiovascular
Outcome Event Trial in Type 2 Diabetes Mellitus
Patients-Removing Excess Glucose) trial.



Table 3. Effect of empagliflozin on outcomes according to extent of baseline vascular disease

Empagliflozin
(n = 1863)

Placebo
(n = 1867)

n/N (%) n/N (%)
HR (95% CI)/slope
difference (95% CI) P trend*

Time to First Event of CV Death or HHF
No vascular 102/635 (16.1) 161/689 (23.4) 0.63 (0.49�0.81) 0.07
Monovascular 186/951 (19.6) 226/928 (24.4) 0.78 (0.64�0.94)
Polyvascular 73/277 (26.4) 75/250 (30) 0.90 (0.65�1.25)
First and Recurrent HHF
No vascular 106/635 191/689 0.61 (0.44�0.86) 0.30
Monovascular 191/951 247/928 0.73 (0.55�0.96)
Polyvascular 91/277 115/250 0.78 (0.49�1.24)
Time to First HHF
No vascular 72/635 (11.3) 124/689 (18.0) 0.58 (0.43�0.77) 0.20
Monovascular 122/951 (12.8) 163/928 (17.6) 0.71 (0.56�0.90)
Polyvascular 52/277 (18.8) 55/250 (22.0) 0.89 (0.61�1.30)
Time to First Renal Composite Outcome
No vascular 9/635 (1.4) 20/689 (2.9) 0.48 (0.22�1.05) 0.94
Monovascular 15/951 (1.6) 27/928 (2.9) 0.52 (0.27�0.97)
Polyvascular 6/277 (2.2) 11/250 (4.4) 0.48 (0.18�1.31)
Mean Slope of Change in eGFR: mL/min/1.73 m2/year
No vascular �0.44 �2.34 1.90 (0.82�2.97) 0.26
Monovascular �0.29 �2.29 2.00 (1.12�2.88)
Polyvascular �1.70 �2.11 0.41 (�1.29�2.10)
Time to CV Death
No vascular 52/635 (8.2) 66/689 (9.6) 0.84 (0.58�1.21) 0.81
Monovascular 97/951 (10.2) 95/928 (10.2) 0.99 (0.74�1.31)
Polyvascular 38/277 (13.7) 41/250 (16.4) 0.87 (0.56�1.35)
Change in KCCQ-CSS Change from baseline

empagliflozin group
Change from baseline
placebo group

Difference in
change (95% CI)

12 weeks
No vascular 5.17 (0.61) 2.75 (0.60) 2.42 (0.76�4.08) 0.45
Monovascular 5.83 (0.50) 3.80 (0.51) 2.03 (0.65�3.42)
Polyvascular 3.97 (0.93) 3.54 (0.98) 0.43 (�2.20�3.06)
32 weeks
No vascular 6.15 (0.66) 3.79 (0.65) 2.37 (0.57�4.17) 0.19
Monovascular 5.22 (0.53) 3.93 (0.55) 1.29 (�0.21�2.79)
Polyvascular 3.32 (1.01) 4.07 (1.07) �0.75 (�3.62�2.12)
52 Weeks
No vascular 6.03 (0.77) 3.78 (0.74) 2.25 (0.18�4.33) 0.18
Monovascular 5.86 (0.61) 3.89 (0.63) 1.98 (0.26�3.69)
Polyvascular 4.12 (1.16) 5.36 (1.22) �1.24 (�4.53�2.06)

CI, confidence interval; CV, cardiovascular; eGFR,estimated glomerular filtration rate; HHF, heart failure hospitalization; HR, hazard
ratios; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire Clinical Summary Score.

*P value testing for a linear trend of the treatment effect across the groups of patients with vascular disease.
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Empagliflozin reduces mortality rates in patients
with type 2 diabetes who are at high cardiovascular
risk; involvement of � 2 vs 1 vascular bed approxi-
mately doubled the rates of hospitalization due to
HF.13 It is also important to highlight that previous
studies have shown that polyvascular disease is inde-
pendently associated with cardiovascular events in
patients with heart failure with preserved ejection
fraction (HFpEF) as well.18

Previous post hoc analyses of HF trials have gener-
ally assessed the effect modification of GDMT by
ischemic vs nonischemic etiology.9,19 All the founda-
tional HF therapies, such as beta-blockers, angioten-
sin-converting enzyme inhibitors, angiotensin
receptor blockers, mineralocorticoid antagonists,
and sacubitril/valsartan, have shown no evidence
of treatment heterogeneity based on the etiology
of HF. Moreover, the recent post hoc analysis of
DAPA-HF, also showed improved cardiovascular out-
comes and quality of life, regardless of the etiology
of HFrEF.19 Our results validate these findings and
further extend the observations that empagliflozin
has beneficial effects on cardiovascular and renal
outcomes and quality of life across the extent of vas-
cular disease, but they were, nevertheless, attenu-
ated in those with polyvascular disease. This is in
contrast to lipid-lowering drugs, where the benefi-
cial effect is generally higher in patients with poly-
vascular disease than in those with monovacular or
no vascular disease.20 The attenuation of effect on
patients with HFrEF and polyvascular disease may or
may not be seen in patients with HFpEF; further
studies of this possibility are needed.

It was recently reported that benefits of empagli-
flozin in the EMPEROR-Reduced trial were observed,
regardless of the etiology of HFrEF (ischemic vs
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nonischemic).15 As a natural extension of this initial
finding, we wished to evaluate whether the pres-
ence of extracardiac vascular disease modified back-
ground risk for cardiac and renal events or reduced
response to empagliflozin. This is important,
because the increased burden of vascular disease
not only increases risk for more severe coronary
artery disease itself, it also raises the potential for
common underlying mechanisms of cardiac and
renal complications.21�23 Thus, individuals with poly-
vascular disease may require consideration for study
in clinical trials and better understanding of existing
GDMT for their care. Our results establish the
graded risk that exists between the presence and
extent of vascular disease in patients with HFrEF as
well in other patients. Also, it is important that clini-
cians explore the presence of extracardiac vascular
disease in patients with HFrEF, even if the classic
symptoms are not evident; they may be masked by
salient functional limitations due to dyspnea.

Limitations

There are some limitations in this study that need
to be considered. Because of the post hoc nature of
this analysis, these results should be considered
exploratory, and due to the relatively lower number
of patients in the polyvascular group, the estimates
may be underpowered. The numbers of patients
with PAD were much lower than those with CAD.
Last, these results were not adjusted for multiplicity
testing.
Conclusion

In conclusion, the risk of adverse clinical outcomes
is higher in patients with HFrEF and with polyvascu-
lar disease than in patients who had no vascular dis-
ease, whereas the incidence rate is comparable
among patients with monovascular disease and no
history of vascular disease. Empagliflozin offers car-
diovascular and renal benefits in patients with HFrEF
across the extent of baseline vascular disease, but
these benefits seem to be attenuated in those with
polyvascular disease.
Lay Summary

In this post hoc analysis of the EMPEROR-Reduced
trial, outcomes and the effect of empagliflozin were
assessed in study participants according to the
extent (none vs mono1 vs poly [� 2] vascular bed) of
vascular disease. Of the 3730 study participants
enrolled, 1324 (35.5%) had no, 1879 (50.4%) had
mono, and 527 (14.1%) had polyvascular disease.
Incidence rates of cardiovascular death were signifi-
cantly higher in patients with polyvascular disease
compared to those with no vascular disease. The
beneficial effects of empagliflozin were seen across
the spectrum of baseline vascular disease; however,
the effect of empagliflozin was numerically smaller
in those with polyvascular disease.
Data Transparency Statement
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