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Background: Peripheral artery disease (PAD) in heart failure with preserved ejection fraction

(HFpEF) is associated with an increased mortality risk, but the risk of individual outcomes asso-

ciated with PAD in this patient group is less clear.

Hypothesis: PAD is associated with adverse outcomes in HFpEF, including hospitalization and

specific cardiovascular outcomes.

Methods: We examined the association between PAD and adverse outcomes in 3385 patients

with HFpEF (mean age, 69 � 9.6 years; 49% male; 89% white) from the Treatment of Pre-

served Cardiac Function Heart Failure With an Aldosterone Antagonist Trial (TOPCAT). Base-

line PAD was identified by self-reported history and medical-record review. The following

outcomes were adjudicated by a clinical endpoint committee: hospitalization, hospitalization for

heart failure (HF), myocardial infarction, stroke, death, and cardiovascular death.

Results: Over a median follow-up of 3.4 years (interquartile range, 2.0–4.9 years), an increased

risk for hospitalization (hazard ratio [HR]: 1.36, 95% confidence interval [CI]: 1.16-1.60), myo-

cardial infarction (HR: 1.69, 95% CI: 1.07-2.67), death (HR: 1.56, 95% CI: 1.22-1.99), and cardi-

ovascular death (HR: 1.53, 95% CI: 1.12-2.10) was observed for those with PAD compared

with those without PAD. PAD was not associated with incident stroke. The association

between PAD and hospitalization for HF was limited to participants with prior history of HF

hospitalization (n = 2449; HR: 1.51, 95% CI: 1.09-2.13).

Conclusions: PAD increases the risk for adverse outcomes in HFpEF and is associated with HF

rehospitalization. Practitioners should be aware of the inherent risk associated with PAD in HFpEF.
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1 | INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF) is an emer-

ging public health problem, representing nearly half of all heart fail-

ure (HF) cases.1 Peripheral artery disease (PAD) and HFpEF share

similar cardiovascular risk factors (eg, hypertension, diabetes melli-

tus [DM]),2,3 and this condition is present in ~15% of patients with

HFpEF.3 PAD also is associated with an increased risk of mortality

in patients who have HFpEF.3,4 However, the actual risk of death

associated with PAD possibly is greater, as 50% of PAD cases are

asymptomatic and PAD symptoms often are masked by coexist-

ing HF.5

Due to the reported mortality risk associated with PAD in

HFpEF, PAD likely represents a comorbid condition that is associated

with significant morbidity regarding healthcare utilization and the

development of specific cardiovascular outcomes (eg, myocardial

infarction [MI]). However, prior studies have not specifically exam-

ined the influence of PAD on outcomes in HFpEF. Such a finding

would alert practitioners to a group of HFpEF patients in whom

intense risk-factor modification strategies and the optimization of HF

therapies are warranted. Therefore, we examined the impact of PAD

on outcomes in patients with HFpEF in the Treatment of Preserved

Cardiac Function Heart Failure With an Aldosterone Antagonist Trial

(TOPCAT).6
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2 | METHODS

2.1 | Study design and patients

TOPCAT was a multicenter, international, randomized, double-blind,

placebo-controlled study to examine the efficacy of spironolactone in

patients with HFpEF. The design, inclusion criteria, and baseline char-

acteristics of the trial have been published previously.7,8 Briefly, 3445

patients with symptomatic HFpEF from 270 sites in 6 countries were

enrolled between August 2006 and January 2012. The primary goal

of the trial was to determine if spironolactone was associated with a

reduction in the composite outcome of cardiovascular mortality,

aborted cardiac arrest, or HF hospitalization in patients with HFpEF

(eg, documented ejection fraction ≥45%).

The aim of this analysis was to examine the influence of PAD on

hospitalization, hospitalization for HF, MI, stroke, death, and cardio-

vascular death in patients with HFpEF. We included 3385 patients

from TOPCAT (mean age, 69 � 9.6 years; 49% male; 89% white)

who had complete baseline information and follow-up data.

2.2 | Baseline characteristics

Patients who participated in TOPCAT underwent a detailed baseline

visit to obtain medical histories, and a physical examination was per-

formed.8 Baseline PAD cases were identified by self-reported history

and medical-record review during the initial study visit. Age, sex, and

race were obtained by self-reported history. Smoking was defined as

the current use of cigarettes and ascertained by self-report. Medical

history for the following diagnoses was obtained by self-report and

medical-record review: DM, coronary heart disease (CHD), stroke,

New York Heart Association Class, prior HF hospitalization, and atrial

fibrillation. Systolic blood pressure and body mass index were

obtained by trained staff, and laboratory data included serum creati-

nine. Medication data also were obtained during the initial study visit

and the following were included in this analysis: aspirin, β-blockers,

angiotensin-converting enzyme inhibitors/angiotensin II receptor

blockers, and statins.

2.3 | Outcomes

Outcomes in TOPCAT were adjudicated by a clinical endpoint com-

mittee, and the details of this process and definitions for each out-

come examined have been described previously.6,7 The outcomes

examined in this analysis included hospitalization, hospitalization for

HF, MI, stroke, death, and cardiovascular death. Briefly, hospitaliza-

tion for HF was defined as the unexpected presentation to an acute-

care facility requiring overnight stay with symptoms and physical

examination findings consistent with HF, and treatment with intrave-

nous vasodilators, inotropes, mechanical fluid removal, or hemody-

namic support. MI was defined as the presence of positive cardiac

markers with either electrocardiogram changes or clinically apparent

ischemic symptoms (eg, chest pain, dyspnea, or pressure). Stroke was

defined as a focal neurological deficit of sudden onset that was not

reversible within 24 hours of onset or a focal neurological deficit of

sudden onset with brain imaging consistent with infarction or

hemorrhage. Cardiovascular death was defined as death due to one

of the following: MI, worsening HF, sudden death, stroke, pulmonary

embolism, death occurring during a cardiovascular-related procedure,

or other cardiovascular death. Death included the composite of cardi-

ovascular and noncardiovascular death.

2.4 | Statistical analysis

Baseline characteristics were compared by the presence of baseline

PAD. Categorical variables were reported as frequency and percent-

age, and continuous variables were recorded as mean � SD. Statisti-

cal significance for categorical variables was tested using the χ2

method, and for continuous variables the Student’s t test was used.

Kaplan-Meier estimates were used to examine the unadjusted cumu-

lative incidence estimates of each outcome associated with baseline

PAD. Cox regression was used to examine the risk of each outcome

associated with PAD.

Multivariable models were constructed as follows: Model

1 adjusted for age, sex, and race; Model 2 adjusted for Model 1 cov-

ariates with the addition of smoking, systolic blood pressure, DM,

body mass index, angiotensin-converting enzyme inhibitors/angioten-

sin II receptor blockers, β-blockers, statins, randomization group,

New York Heart Association class, atrial fibrillation, CHD, and stroke.

A secondary analysis was performed in patients with prior HF hospi-

talization to determine if the magnitude of the association between

PAD and each outcome was dependent on prior admission for

decompensated HF, and interaction P values were computed. Addi-

tionally, due to differences in the baseline characteristics and event

rates observed between patients recruited in Russia and Georgia vs

the Americas,9 we examined if our findings varied by region (Russia/

Georgia vs the Americas). The parallel hazards assumption was not

violated in our analyses. Statistical significance was defined as

P < 0.05. SAS software version 9.4 (SAS Institute Inc., Cary, NC) was

used for all analyses.

3 | RESULTS

A total of 309 patients (9.1%) had PAD. The baseline characteristics

stratified by the presence of PAD are shown in Table 1. Patients with

PAD were more likely to be male, report current smoking, and to

have DM and prior history of CHD and stroke than those without

PAD. PAD patients also were more likely to report the use of aspirin

and statins, and to have higher serum creatinine values than patients

without PAD.

Over a median follow-up of 3.4 years (interquartile range,

2.0–4.9 years), a total of 1524 (45%) hospitalizations, 437 (13%) hos-

pitalizations for HF, 125 (3.7%) MIs, 115 (3.4%) strokes, 516 (15%)

deaths, and 330 (10%) cardiovascular deaths occurred. The unad-

justed cumulative incidence estimates for hospitalization, hospitaliza-

tion for HF, MI, stroke, death, and cardiovascular death are depicted

in Figures 1, 2, and 3. The unadjusted cumulative incidence estimates

for all outcomes examined were higher among patients with PAD

than those without PAD.
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An increased risk for hospitalization (hazard ratio [HR]: 1.36,

95% confidence interval [CI]: 1.16-1.60), MI (HR: 1.69, 95% CI:

1.07-2.67), death (HR: 1.56, 95% CI: 1.22-1.99), and cardiovascular

death (HR: 1.53, 95% CI: 1.12-2.10) was observed for those with

PAD compared with those without PAD (Table 2). PAD was not

associated with incident stroke or hospitalization for HF. When the

analysis was limited to participants who reported prior hospitaliza-

tion for HF (n = 2449), the magnitudes of the association for hospi-

talization (HR: 1.39, 95% CI: 1.15-1.69; P for interaction: 0.42), MI

(HR: 1.69, 95% CI: 0.95-3.01; P for interaction: 0.89), death (HR:

1.60, 95% CI: 1.18-2.17; P for interaction: 0.78), and cardiovascular

death (HR: 1.56, 95% CI: 1.07-2.27; P for interaction: 0.89) were

not substantively different from the main analysis. However, PAD

(HR: 1.51, 95% CI: 1.09-2.13; P for interaction: 0.14) was signifi-

cantly associated with hospitalization for HF among patients who

reported prior hospitalization for HF. When we examined the asso-

ciation between PAD and each outcome by country of origin

(Russia/Georgia vs the Americas), the association between PAD and

each outcome was similar between groups (see Supporting Informa-

tion, Table 1, in the online version of this article).

4 | DISCUSSION

In this analysis from TOPCAT, PAD was associated with an increased risk

for hospitalization, MI, death, and cardiovascular death in patients with

HFpEF. Additionally, our data suggest that the risk of hospitalization for

HF is limited to HFpEF patients with history of prior HF hospitalization.

Overall, the findings of this analysis suggest that PAD portends a poor

prognosis in patients with HFpEF and identifies several outcomes associ-

ated with this common comorbid condition among HFpEF patients.

The influence of PAD on adverse outcomes in HFpEF has not

been widely examined. To our knowledge, only 1 report has studied

the association of PAD with adverse outcomes in HFpEF. An exami-

nation of 880 HFpEF patients admitted to Canadian hospitals

reported that PAD was associated with an increased mortality risk

(HR: 2.00, 95% CI: 1.31-3.08).3 This analysis supports the hypothesis

that PAD increases mortality in HFpEF and extends this previous

finding to include cardiovascular death. Additionally, we were able to

examine specific outcomes and demonstrated that PAD increases the

risk for MI and rehospitalization for HF.

TABLE 1 Baseline characteristics of patients (N = 3385)

Characteristic
PAD,
n = 309

No PAD,
n = 3076 P Valuea

Age, y 69 � 9.3 68 � 9.6 0.11

Male sex 187 (61) 1456 (47) <0.001

White race 280 (91) 2729 (89) 0.31

Current smoker 45 (15) 314 (10) 0.018

DM 144 (47) 947 (31) <0.001

CHD 197 (64) 1016 (33) <0.001

Stroke 47 (15) 214 (6.9) <0.001

SBP, mm Hg 128 � 15 129 � 14 0.18

BMI, kg/m2 32 � 7.1 32 � 7.1 0.27

sCr, mg/dL 1.16 � 0.33 1.08 � 0.29 <0.001

NYHA class III–IV 112 (36) 1006 (33) 0.21

Prior HF
hospitalization

211 (68) 2238 (73) 0.094

AF 96 (31) 1095 (36) 0.11

Medications

ASA use 228 (74) 1990 (65) 0.0013

β-Blocker 242 (78) 2394 (78) 0.84

ACEI/ARB 259 (84) 2593 (84) 0.83

Statin 233 (75) 1535 (50) <0.001

Spironolactone 166 (54) 1531 (50) 0.19

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial
fibrillation; ARB, angiotensin II receptor blocker; ASA, acetylsalicylic acid
(aspirin); BMI, body mass index; CHD, coronary heart disease; DM, diabe-
tes mellitus; HF, heart failure; NYHA, New York Heart Association; PAD,
peripheral artery disease; SBP, systolic blood pressure; sCr, serum creati-
nine; SD, standard deviation.

Data are presented as n (%) or mean � SD.
aStatistical significance for continuous data was tested using the Student’s
t test and categorical data were tested using the χ2 test.

FIGURE 1 The cumulative incidence curves for (A) hospitalization and (B) hospitalization for HF. The cumulative incidence curves are

statistically different for both hospitalization (log-rank P < 0.001) and hospitalization for HF (log-rank P < 0.001). Abbreviations: HF, heart
failure; PAD, peripheral artery disease.
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The underlying mechanism that links PAD with adverse events in

HFpEF is unknown. Patients with PAD have a higher prevalence of car-

diovascular comorbid conditions,2 likely increasing the risk for adverse

events and utilization of healthcare resources (eg, hospitalization). Addi-

tionally, PAD has a more pronounced impact on physical impairment in

HFpEF due to limited exercise capacity.10 Thus, the coexistence of PAD

and HFpEF would further reduce cardiovascular fitness and negatively

affect patient prognosis.11 Furthermore, patients with PAD have wide-

spread atherosclerotic burden and greater disease progression that

likely contributes to adverse cardiovascular outcomes, such as MI.12

FIGURE 2 The cumulative incidence curves for (A) MI and (B) stroke. The cumulative incidence curves are statistically different for both MI

(log-rank P < 0.001) and stroke (log-rank P = 0.046). Abbreviations: MI, myocardial infarction; PAD, peripheral artery disease.

FIGURE 3 The cumulative incidence curves for (A) death and (B) cardiovascular death. The cumulative incidence curves are statistically

different for both death (log-rank P < 0.001) and cardiovascular death (log-rank P < 0.001). Abbreviations: PAD, peripheral artery disease.

TABLE 2 Risk of hospitalization, MI, stroke, and death with PAD (N = 3385)

Outcome Events Model 1a, HR (95% CI) P Value Model 2b, HR (95% CI) P Value

Hospitalization 1524 1.64 (1.40-1.91) <0.001 1.36 (1.16-1.60) <0.001

Hospitalization for HF 437 1.61 (1.22-2.12) <0.001 1.29 (0.97-1.71) 0.081

MI 125 2.52 (1.62-3.91) <0.001 1.69 (1.07-2.67) 0.025

Stroke 115 1.68 (0.99-2.86) 0.055 1.40 (0.81-2.42) 0.23

Death 516 1.74 (1.37-2.21) <0.001 1.56 (1.22-1.99) <0.001

CV death 330 1.68 (1.24-2.28) <0.001 1.53 (1.12-2.10) <0.001

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin II receptor blocker; ASA, acetylsalicylic acid (aspirin);
BMI, body mass index; CHD, coronary heart disease; CI, confidence interval; CV, cardiovascular; DM, diabetes mellitus; HF, heart failure; HR, hazard ratio;
MI, myocardial infarction; NYHA, New York Heart Association; PAD, peripheral artery disease; SBP, systolic blood pressure.
aAdjusted for age, sex, and race.
bAdjusted for Model 1 covariates plus smoking, SBP, DM, BMI, ASA, ACEIs/ARBs, β-blockers, statins, randomization group, NYHA class, AF, CHD, and
stroke.
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PAD is not currently considered in the management of HF,13

despite the worse prognosis and increased utilization of healthcare

resources. As evidenced by the findings in this analysis, a concurrent

diagnosis of PAD is indicative of a high-risk group in which intense

risk-factor modification strategies and the optimization of HF thera-

pies are warranted. Due to the expected increase in the prevalence

of HFpEF,14 and associated cost,15 further research is needed to

reduce the future burden that HFpEF will place on the healthcare

system. Additionally, there is a need for increased focus on PAD as

an important comorbid condition in HFpEF, as well as the develop-

ment of appropriate management strategies in this population.

4.1 | Study limitations

The current study should be interpreted in the context of several lim-

itations. This analysis was a secondary examination of clinical trial

data that did not have a primary aim of determining the risk of out-

comes associated with PAD in HFpEF. However, the effect estimates

for outcomes associated with PAD were statistically significant, sug-

gesting that our analysis was appropriately powered. Our analysis

also was subjected to recall bias, as several baseline characteristics

were self-reported. Similarly, some cases of PAD were ascertained at

baseline by self-report, and there were no vascular function studies

to quantitate the presence, location, or severity of PAD. Additionally,

it is possible that the effect of PAD on outcomes in HFpEF is larger

than reported in this analysis, as the majority of patients with PAD

are asymptomatic.5 Furthermore, it is possible that certain outcomes

were missed despite rigorous methodology to ascertain all events.

Finally, we acknowledge the possibility of residual confounding in our

multivariable models.

5 | CONCLUSION

PAD increases the risk for several adverse outcomes in patients with

HFpEF and is associated with HF rehospitalization. Practitioners

should be aware of the inherent risk of adverse outcomes associated

with PAD in HFpEF, and further research is needed to develop pre-

ventive strategies to reduce the burden in this high-risk group.
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