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Abstract

Atrial fibrillation (AF) is associated with an increased risk for adverse events in patients with heart 

failure with preserved ejection (HFpEF), but it is currently unknown if gender differences in these 

outcomes exist. To explore this hypothesis, we examined gender differences in the associations of 

AF with adverse outcomes in 3,385 (mean age=69±9.6 years; 49% male; 89% white) patients with 

HFpEF from the Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone 

Antagonist Trial (TOPCAT). Baseline AF cases were identified by self-reported history, medical 

record review, and baseline electrocardiogram data. Outcomes were adjudicated by a clinical end-

point committee and included the following: hospitalization, hospitalization for heart failure, 

stroke, death, and cardiovascular death. Cox regression was used to examine the risk of each 

outcome associated with AF. Over a median follow-up of 3.4 years, AF was associated with an 

increased risk for hospitalization (HR=1.49, 95%CI=1.34, 1.66), hospitalization for heart failure 

(HR=1.49, 95%CI=1.23, 1.81), stroke (HR=2.10, 95%CI=1.43, 2.09), death (HR=1.22, 

95%CI=1.02, 1.47), and cardiovascular death (HR=1.31, 95%CI=1.04, 1.65). The association 

between AF and hospitalization was stronger in women (HR=1.63, 95%CI=1.40, 1.91) than men 

(HR=1.37, 95%CI=1.18, 1.58; p-interaction=0.032). Although significant interactions were not 

observed for the other outcomes, we appreciated that the risk estimates were higher for women 
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compared with men. In conclusion, AF increases the risk for adverse cardiovascular outcomes in 

patients with HFpEF, and the presence of this arrhythmia in women possibly is associated with a 

greater risk for adverse events than men.
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INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF) is an emerging public health 

problem, representing nearly 50% of heart failure cases.1,2 Atrial fibrillation (AF) is 

commonly found in persons who have HFpEF,3,4 and the link between both conditions likely 

is explained by shared risk factors which predispose to each condition.5 In patients with 

HFpEF, AF is associated with an increased risk for adverse events.6–8 Due to the fact that 

women are more likely to develop HFpEF than men,9 and women who have AF have a 

higher risk of cardiovascular events compared with their male counterparts,10–14 it is 

possible that gender differences exist in the outcomes of HFpEF patients who have AF. 

Therefore, we examined the impact of AF on outcomes in patients with HFpEF in the 

Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist 

Trial (TOPCAT),15 and if these outcomes differed by gender.

METHODS

TOPCAT was a multi-center, international randomized, double blind, placebo-control study 

to examine the efficacy of spironolactone in patients with HFpEF. The design, inclusion 

criteria, and baseline characteristics of the trial have been published previously.16,17 Briefly, 

3,445 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 heart failure hospitalization in patients with HFpEF (e.g., 

documented ejection fraction ≥45%). For the purpose of this analysis, we excluded TOPCAT 

participants without complete baseline information or follow-up data.

Patients who participated in TOPCAT underwent a detailed baseline visit to obtain medical 

histories and a physical examination was performed.17 Baseline AF cases were identified by 

self-reported history, medical record review, and the baseline electrocardiogram obtained 

during the initial study visit. AF cases included paroxysmal and chronic cases. Age, gender, 

race, and smoking were obtained by self-reported history. Smoking was defined as the 

current use of cigarettes. Medical history for the following diagnoses were obtained by self-

report and medical record review: diabetes, coronary heart disease, stroke, New York Heart 

Association functional classification, and prior heart failure hospitalization. Systolic blood 

pressure and body mass index were obtained by trained staff and laboratory data included 

serum creatinine. Medication data also were obtained during the initial study visit and the 

following were included in this analysis: aspirin, beta blockers, angiotensin-converting 

enzyme inhibitors/angiotensin II receptor blockers, and statins.
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Outcomes in TOPCAT were adjudicated by a clinical end-point committee, and the details of 

this process and definitions for each outcome examined have been described previously.15,16 

The outcomes examined in this analysis included hospitalization, hospitalization for heart 

failure, stroke, death, and cardiovascular death. Briefly, hospitalization for heart failure was 

defined as the unexpected presentation to an acute care facility requiring overnight stay with 

symptoms and physical exam findings consistent with heart failure, and treatment with 

intravenous vasodilators, inotropes, mechanical fluid removal, or hemodynamic support. 

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: myocardial infarction, worsening heart failure, sudden death, stroke, 

pulmonary embolism, death occurring during a cardiovascular-related procedure, or other 

cardiovascular death. Death included the composite of cardiovascular and non-

cardiovascular death.

Baseline characteristics were compared by the presence of baseline AF. Categorical 

variables were reported as frequency and percentage, while continuous variables were 

recorded as mean ± standard deviation. Statistical significance for categorical variables was 

tested using the chi-square method and for continuous variables to the student’s t-test was 

used. Kaplan-Meier estimates were used to examine the unadjusted cumulative incidence 

estimates of each outcome associated with baseline AF. Cox regression was used to examine 

the risk of each outcome associated with AF. Multivariable models were constructed as 

follows: Model 1 adjusted for age, race, and gender; Model 2 adjusted for Model 1 

covariates with the addition of smoking, systolic blood pressure, diabetes, body mass index, 

angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, beta blockers, 

statin, randomization group, New York Heart Association functional classification, coronary 

heart disease, and stroke. The risk of each outcome associated with AF was examined in 

men and women, separately, and effect modification was tested using multiplicative 

interaction terms. A secondary analysis was performed in patients with prior heart failure 

hospitalization to determine if the magnitude of the association between AF and each 

outcome was dependent on prior admission. Additionally, due to differences in the baseline 

characteristics and event rates observed between patients recruited in Russia and Georgia 

versus the Americas,18 we examined if our findings varied by region of enrollment (Russia/

Georgia vs. the Americas). The proportional hazards assumption was not violated in our 

analysis. Statistical significance, including interaction terms, was defined as p < 0.05. SAS 

Version 9.4 (Cary, NC) was used for all analyses.

RESULTS

This analysis included 3,385 (mean age=69±9.6 years; 49% male; 89% white) patients, of 

whom 1,191 patients (35%) had AF. Patients with AF were more likely to be older, male, 

white, report prior stroke, and to have a higher New York Heart Association functional 

classification and serum creatinine values, than those without AF. Patients with AF also 

were less likely to be current smokers, have diabetes, report prior coronary heart disease, 

prior hospitalization for heart failure, the use of aspirin and angiotensin-converting enzyme 

inhibitors/angiotensin II receptor blockers, than patients who did not have AF (Table 1).
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Over a median follow-up of 3.4 years (25th–75th percentiles=2.0, 4.9 years), a total of 1,524 

hospitalizations, 437 hospitalizations for heart failure, 115 strokes, 516 deaths, and 330 

cardiovascular deaths occurred. Higher incidence rates for all outcomes were observed in 

patients with AF than those without AF. The cumulative incidence estimates for 

hospitalization, hospitalization for heart failure, stroke, death, and cardiovascular death by 

AF status are depicted in Figures 1, 2, and 3. The cumulative incidence estimates per 100 

person-years are shown in Table 2.

An increased risk for hospitalization (HR=1.49, 95%CI=1.34, 1.66), hospitalization for heart 

failure (HR=1.49, 95%CI=1.23, 1.81), stroke (HR=2.10, 95%CI=1.43, 2.09), death 

(HR=1.22, 95%CI=1.02, 1.47), and cardiovascular death (HR=1.31, 95%CI=1.04, 1.65), 

was observed for those with AF compared with those without (Table 2). An interaction was 

observed for hospitalization, with the association between AF and hospitalization being 

stronger in women (HR=1.63, 95%CI=1.40, 1.91) than men (HR=1.37, 95%CI=1.18, 1.58; 

p-interaction=0.032) (Table 2). Although significant interactions were not detected for the 

other outcomes, the risk estimates were greater for women compared with men (Table 2).

When the analysis was limited to participants who reported prior hospitalization for heart 

failure (N=2,449), the magnitude of the risk for each outcome associated with AF was not 

substantively different from the main analysis (Table 3). Interactions by gender were not 

observed for those who reported prior hospitalization for heart failure. When we examined 

the association between AF and each outcome by region of enrollment (Russia/Georgia vs. 

the Americas), the associations of AF with hospitalization, hospitalization for heart failure, 

and stroke, were stronger in the patients from Russia/Georgia compared with the Americas 

(Supplemental Table 1). Interactions were not detected by gender for each outcome when we 

stratified the analysis by region.

DISCUSSION

In this analysis from TOPCAT, AF was associated with an increased risk for hospitalization, 

hospitalization for heart failure, stroke, death, and cardiovascular death, in patients with 

HFpEF. Additionally, we appreciated that the risk estimates associated with each outcome 

were higher for women with AF than men. Overall, our findings provide evidence that AF is 

associated with significant morbidity and mortality in HFpEF, and the presence of this 

arrhythmia in women possibly is associated with a greater risk of adverse events compared 

with men.

Several large studies have demonstrated an increased risk for adverse events in HFpEF 

patients who have AF.6–8 For example, data from the Candesartan in Heart failure-

Assessment of Reduction in Mortality and morbidity Program have shown that AF in 

HFpEF is associated with an increased risk for cardiovascular death, hospitalization for 

worsening heart failure, and all-cause mortality.6 Subsequently, a report using medical 

claims data from 4 health plans in the Cardiovascular Research Network showed that AF 

increases the risk of death, hospitalization, hospitalization for heart failure, and ischemic 

stroke in HFpEF.7 Additionally, a study from the Acute Decompensated Heart Failure 

National Registry linked with Medicare inpatient claims, reported that AF increases the risk 
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of 30-day mortality after admission for decompensated HFpEF.8 The aforementioned studies 

have clearly demonstrated that AF portends an increased risk for adverse events in HFpEF, 

but gender differences in outcomes were not explored.

The findings of the current analysis support that AF in patients with HFpEF is associated 

with an increased risk for adverse cardiovascular outcomes. In contrast with prior reports, 

the current study was not limited to claims data, and we were able to examine multiple 

outcomes that were ascertained by adjudication. Although a significant interaction by gender 

only was detected between hospitalization and AF, the risk estimates for all outcomes 

examined were higher in women than men. This suggests that women with AF and HFpEF 

are a high-risk group for the development of adverse events. To our knowledge this finding 

has not been previously reported. Since women with AF have a higher risk of adverse events 

(e.g., stroke, myocardial infarction, death) compared with men,10–14 the higher risk 

estimates for women in our study were not entirely unexpected. Our data extend the known 

gender differences in AF outcomes to HFpEF, as we have shown that women with AF and 

HFpEF have a higher risk of adverse events than their male counterparts. The reasons for 

these differences are unknown and possibly related to variation in AF or HFpEF 

management between men and women, and further research is needed to understand these 

differences.

Due to the reported regional differences in patient characteristics and outcomes in 

TOPCAT,18 we performed a secondary analysis stratified by region of enrollment. It has 

been documented that patients in TOPCAT from Russia/Georgia were younger, had less AF 

and diabetes, and were more likely to have had prior myocardial infarction and prior 

hospitalization for heart failure.18 Therefore, the adverse outcomes in patients from the 

Americas possibly were driven by other comorbid conditions (e.g., diabetes) rather than AF. 

In contrast, it is possible that AF represents a more important marker of illness severity in 

patients from Georgia/Russia, independent of cardiovascular risk factors. Due to the fact that 

patients from Russia/Georgia were more likely to have been hospitalized for heart failure 

prior to randomization, and an increased risk of 30-day mortality exists for patients with AF 

who are hospitalized for HFpEF,8 the AF profile possibly varies in patients from Russia/

Georgia, as they were more likely to have been admitted previously for HFpEF. Although we 

offer several explanations for the regional differences in outcomes of HFpEF patients with 

AF, the above ideas are speculative and further research is needed to understand these 

differences.

The prevalence of heart failure is expected to rise in the coming decades, with annual costs 

increasing to nearly $53.1 billion.19 HFpEF accounts for 50% of heart failure cases,1 and it 

is more commonly found among older adults.2 Due to the expected increases in persons 

older than 65 years of age,20 the prevalence of HFpEF will reach epidemic proportions. 

Similarly, the burden of AF will continue to increase, as this condition is common among 

the elderly.21 The findings in this analysis demonstrated that AF is commonly found in 

HFpEF, and the risk of adverse events dramatically increases in HFpEF patients who have 

AF. Additionally, careful attention must be given to women with AF and HFpEF, due to the 

potential increased risk for adverse events compared with men. Therefore, medical providers 

should be aware of the poor prognosis that AF signifies in HFpEF, and the possible gender 
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differences, and aim to optimize medical therapies and strategies to reduce hospitalization 

rates and other adverse outcomes in patients who have AF and HFpEF.

The current study should be interpreted in the context of certain limitations. Several baseline 

characteristics were obtained by self-report and subjected our analysis to recall bias. 

Similarly, some cases of AF were ascertained at baseline by self-report. Despite rigorous 

methodology to ascertain all outcomes, it is possible that cases were missed. Additionally, 

we tried to account for differences between those with and without AF in our multivariable 

models, but acknowledge the possibility of residual confounding.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Unadjusted Cumulative Incidence of Hospitalization*
*The cumulative incidence curves for hospitalization (A) and hospitalization for heart failure 

(B) are shown. The cumulative incidence curves are statistically different for both 

hospitalization (log-rank p<0.001) and hospitalization for heart failure (log-rank p<0.001).

AF=atrial fibrillation.
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Figure 2. Unadjusted Cumulative Incidence of Stroke
*Cumulative incidence curves are statistically different (log-rank p<0.001).

AF=atrial fibrillation.
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Figure 3. Unadjusted Cumulative Incidence of Death
*The cumulative incidence curves for death (A) and cardiovascular death (B) are shown. 

The cumulative incidence curves are statistically different for both death (log-rank p<0.001) 

and cardiovascular death (log-rank p<0.001).

AF=atrial fibrillation.
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Table 1

Baseline Characteristics (N=3,385)

Characteristic AF
(n=1,191)

No AF
(n=2,194)

P-value*

Age (years) 71 ± 9.3 67 ± 9.4 <0.001

Male 641 (54%) 1,002 (46%) <0.001

White 1,093 (92%) 1,916 (87%) <0.001

Current smoker 79 (6.6%) 280 (13%) <0.001

Diabetes mellitus 348 (29%) 743 (34%) 0.0057

Coronary heart disease 370 (31%) 843 (38%) <0.001

Stroke 114 (10%) 147 (6.7%) 0.0028

Systolic blood pressure, mean ± SD (mm Hg) 127 ± 14 131 ± 14 <0.001

Body mass index, mean ± SD (kg/m2) 32 ± 7.0 32 ± 7.2 0.95

Serum creatinine, mean ± SD (mg/dL) 1.12 ± 0.30 1.07 ± 0.30 <0.001

New York Heart Association Class III–IV 471 (40%) 647 (29%) <0.001

Prior heart failure hospitalization 819 (69%) 1,630 (74%) <0.001

Aspirin use 605 (51%) 1,613 (74%) <0.001

Beta blockers 913 (77%) 1,723 (79%) 0.21

ACEi/ARB 977 (82%) 1,875 (85%) 0.0089

Statin 632 (53%) 1,136 (52%) 0.47

Spironolacton 604 (51%) 1,093 (50%) 0.62

*
Statistical significance for continuous data was tested using the student’s t-test and categorical data was tested using the chi-square test.

ACEi/ARB= angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; AF=atrial fibrillation; HDL=high-density lipoprotein; 
SD=standard deviation.
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