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RESEARCH LETTER

Presence of Peripheral Artery Disease Is 
Associated With Increased Risk of Heart Failure 
Events: Insights From EMPEROR-Pooled
Subodh Verma , Nitish K. Dhingra, Marc P. Bonaca , Javed Butler , Stefan D. Anker , Joao Pedro Ferreira,  
Gerasimos Filippatos , James L. Januzzi , Carolyn S.P. Lam , Naveed Sattar , Tomoko Iwata, Matias Nordaby,  
Martina Brueckmann , Stuart J. Pocock, Milton Packer , for the EMPEROR-Reduced Trial Committees and Investigators

While it is well established that peripheral artery dis-
ease (PAD) is associated with worsening major 
adverse cardiovascular events and major adverse 

limb events,1 the relationship between PAD in the context 
of heart failure (HF) is less well defined.2 To this aim, we 
performed a post hoc analysis of the EMPEROR-Pooled 
data set to evaluate outcomes of patients with HF across 
the spectrum of left ventricular ejection fraction by the 
presence or absence of PAD. We also studied the effi-
cacy and safety of empagliflozin in people with coexis-
tent HF and PAD.

In EMPEROR-Pooled (n=9718), a total of 821 
(8.4%) patients had PAD (261 in EMPEROR-Reduced 
and 560 in EMPEROR-Preserved) and 8897 patients 
did not (3469 in EMPEROR-Reduced and 5428 in 
EMPEROR-Preserved). Patients with PAD were more 
likely to be men (70.5% versus 62.6%), White (83.9% 
versus 72.9%), and older (72.2±8.3 versus 69.7±10.5 
years). Patients with PAD were more symptomatic 
(median Kansas City Cardiomyopathy Questionnaire 
clinical summary scores [PAD, 68.8 versus no PAD, 
75.0]; NYHA class ≥III [PAD, 27.4% versus no PAD, 
20.3%]) and were more likely to have ischemic HF 
(60.5% versus 39.9%), be previous/current smokers 
(65.0% versus 48.8%), as well as have diabetes (65.2% 
versus 47.9%), hypertension (90.6% versus 82.9%), 
and hypercholesterolemia (84.8% versus 62.9%). Left 

ventricular ejection fraction was similar in patients with 
and without PAD (45.6±14.5% versus 43.9±15.3%). 
Patients with PAD had higher systolic blood pressure 
(131.1±17.1 versus 127.8±16.3 mm Hg), lower eGFR 
(55.6±19.4 versus 61.7±20.6 mL/min per 1.73 m2), 
and a higher proportion of albuminuria (urine albumin-
to-creatinine ratio ≥30 mg/g, 51.0% versus 41.6%). 
With respect to background therapies, patients in both 
groups had similar rates of ACE inhibitors/ARBs/
ARNIs (82.1% versus 83.7%) and β-blocker (90.5% 
versus 89.4%) use; however, MRA use was lower in the 
PAD group (43.1% versus 51.2%). Use of other anti-
hypertensives including calcium channel blockers and 
renin inhibitors (30.1% versus 20.9%), lipid-lowering 
medications (86.0% versus 69.1%), and antiplatelet 
therapies (64.7% versus 48.3%) were higher among 
patients with PAD.

In the pooled analyses, patients randomized to placebo 
with a history of PAD had an elevated risk of HF outcomes 
and mortality compared with people without PAD. Spe-
cifically, the hazard ratios for total hospitalizations for HF 
(HHF), cardiovascular death, all-cause mortality, and the 
composite of cardiovascular death and time to first HHF 
were higher in people with PAD (total HHF: HR, 1.51 
[95% CI, 1.12–2.03]; P=0.007; time to cardiovascular 
death: HR, 1.40 [95% CI, 1.05–1.87]; P=0.02; time to all-
cause mortality: HR, 1.42 [95% CI, 1.14–1.78]; P=0.002; 
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time to first HHF or cardiovascular death: HR, 1.21 [95% 
CI, 0.98–1.49]; P=0.08). Renal outcomes, including slope 
of eGFR and the composite renal end point, were similar 
in both PAD and no-PAD patients randomized to placebo 
in the EMPEROR-Pooled, EMPEROR-Reduced, and 
EMPEROR-Preserved populations (not shown).

The efficacy of empagliflozin on cardiorenal out-
comes in EMPEROR-Pooled was consistent regardless 
of PAD history (Figure) (PAD: HR for total HHF, 0.64 
[95% CI, 0.42–0.98] versus no PAD: HR for total HHF, 
0.73 [95% CI, 0.63–0.84]; Pinteraction, 0.56). Since patients 
with PAD were at higher absolute risk, the associated 
absolute risk reductions for total HHF events was 

6.0% amongst patients with PAD and 3.2% amongst 
those without PAD. The efficacy of empagliflozin was 
consistent across all other cardiovascular outcomes 
and concordant in both the EMPEROR-Reduced and 
EMPEROR-Preserved populations individually. In terms 
of patient-reported outcomes, empagliflozin increased 
the Kansas City Cardiomyopathy Questionnaire clinical 
summary scores by a similar magnitude irrespective of 
PAD status (adjusted mean difference in EMPEROR-
Pooled at week 52: PAD, 2.82 [95% CI, 0.38–5.26]; no 
PAD, 1.46 [95% CI, 0.73–2.20]; Pinteraction, 0.30).

Placebo rates of safety outcomes were higher 
in people with PAD versus those without PAD in 
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Figure. xxx.
Summary of major findings including (A) end point data in EMPEROR-Pooled according to peripheral artery disease (PAD) versus no PAD 
history and (B) mean cumulative function of total hospitalizations for heart failure (HHF) in both the placebo and empagliflozin groups by PAD 
versus no PAD history. EMPEROR-Pooled—a prospectively designed collective analysis of the EMPEROR-Reduced trial3 and EMPEROR-
Preserved trial4—included 9718 patients with heart failure across the spectrum of left ventricular ejection fraction (LVEF). Patients were 
randomized to empagliflozin 10 mg or matching placebo. Outcomes assessed included total HHF, time to first HHF or (Continued )
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EMPEROR-Pooled, but there was no increase in those 
treated with empagliflozin compared with placebo 
(adverse events; PAD: empagliflozin, 89.2%; placebo, 
89.1%; no PAD: empagliflozin, 81.5%; placebo, 82.9%) 
and serious adverse events (PAD: empagliflozin, 56.0%; 
placebo, 62.9%; no PAD: empagliflozin, 44.4%; placebo, 
49.1%). Rates of lower limb amputations were higher 
in people with PAD; however, rates were comparable 
in empagliflozin- versus placebo-treated patients (PAD: 
empagliflozin, 2.9%; placebo, 3.5%; no PAD: empa-
gliflozin, 0.4%; placebo, 0.4%).

In this large, contemporary cohort of patients with HF 
(with either reduced or preserved ejection fraction), we 
report a significantly elevated risk of HF outcomes among 
patients with PAD compared with those without PAD, includ-
ing a ≈50% increase in total HHF and ≈40% increase in 
cardiovascular and all-cause mortality. While empagliflozin 
was efficacious in both populations, people with PAD 
had a higher absolute risk reduction on total HHF events 
compared with those without PAD. There was no excess 
in adverse events with empagliflozin in people with PAD, 
and specifically rates of lower limb amputations, which have 
been a previous concern with canagliflozin,5 were similar. 
These data underscore an important and previously under-
appreciated association of PAD with HF events.

DATA SHARING
To ensure independent interpretation of clinical study 
results and enable authors to fulfill their role and obli-
gations under the ICMJE criteria, Boehringer Ingelheim 
grants all external authors access to relevant clinical 
study data. In adherence with the Boehringer Ingel-
heim Policy on Transparency and Publication of Clini-
cal Study Data, scientific and medical researchers can 
request access to clinical study data after publication of 
the primary manuscript and secondary analyses in peer-
reviewed journals and regulatory and reimbursement 
activities are completed, normally within 1 year after the 

marketing application has been granted by major regu-
latory authorities. Researchers should use the https://
vivli.org/ link to request access to study data and visit 
https://www.mystudywindow.com/msw/datasharing for 
further information.
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