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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%CI1=1.34, 1.66), hospitalization for heart failure
(HR=1.49, 95%Cl=1.23, 1.81), stroke (HR=2.10, 95%CI=1.43, 2.09), death (HR=1.22,
95%CI1=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.l2 Atrial fibrillation (AF) is
commonly found in persons who have HFpEF,3 and the link between both conditions likely
is explained by shared risk factors which predispose to each condition.® In patients with
HFpEF, AF is associated with an increased risk for adverse events.5-8 Due to the fact that
women are more likely to develop HFpEF than men,® 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),5 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.qg.,
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.l” 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 Il 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 11 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,® 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.

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 Il receptor blockers, than patients who did not have AF (Table 1).
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Over a median follow-up of 3.4 years (251-75™ 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%CI1=1.43, 2.09), death
(HR=1.22, 95%CI1=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%CI1=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.5-8 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.8 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.” 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.1® 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.1® HFpEF accounts for 50% of heart failure cases,! and it
is more commonly found among older adults.2 Due to the expected increases in persons
older than 65 years of age,2 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.2! 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 No AF p-value™
(n=1,191) (n=2,194)

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/m?) 32+7.0 32+72 0.95
Serum creatinine, mean + SD (mg/dL) 112+030 1.07+0.30 <0.001
New York Heart Association Class I11-1V 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.

Page 11

ACEIi/ARB= angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers; AF=atrial fibrillation; HDL=high-density lipoprotein;

SD=standard deviation.

Am J Cardiol. Author manuscript; available in PMC 2018 June 01.



Page 12

O’Neal et al.

"01Rl pIezey=yH ‘[eAl3)ul 80USPLL0I=]D

"3Y{0J3S pUB ‘aseasip Leay AJeuoJod ‘UoIIBIIISSE|O [BUOIIOUNY UOIIRID0SSY LeaH YIOA MaN ‘dno.f uoneziwopues

‘UIIeIS ‘s18%20] B18q ‘s18x20]q J01dadal || uisuslolBue/siongIyul swAzus BuieAuod-uisuslolbue ‘xapul ssew Apog ‘saleqelp ‘ainssaid poojq o1j01sAs ‘Buryows snjd sa1eLIen0d T [8POIA 104 paisnipy

4
“1apuab pue ‘aoel ‘abe oy paisnipy
*

120 (€9'T'06°0) TZ'T 810 (29T '26°0) 22T (Ty'Te)oe G6T UsIN
v€0 GEO'0 (#T2'e0T) 8T 1200 (ST2'90T) 18T (Lz'sTET GeT USWOM
1200 (S9T'v0T) TE'T 2100 (99T'20T) EET (ze'92)6C oge I

yreaq Jejnasenoipled
6T°0 (67'T'€6°0) LT'T 8100 (55'T'86°0) €2°T (2967 95 €0€ usiN
890 6900 (S2'1'86°0) TE'T L¥0'0 (92T'00T) EET (TyTe)oe €Te USWIOM
T€0°0 (LrT1'20T) 22T 0800°0 (zsT'20T) 22T 67 Cr)SY 91§ n

yleaQg
200 (80°€'20T) LL'T T.0°0 (¥8'2'96°0) S9'T (eT'8°0) 0T S UsIN
50 100°0> (87'¥ '6¥'T) 85T 81000 (06°€‘2€T) TET (€T'80)0T 19 USWOM
100°0> (60€'€r'T) 0T 100°0> (e8z'ecT) V6T (€21'58°0) 0T GTT I

aois
87000 (26T'2TT) LY'T 6€00°0 (26T 'STT) LY'T (Zs‘or) oy 0€2 UsiN
76°0 0v00°0 (90Z'STT) ¥5°T 100°0> (022'52'T)99°'T (evze)Le 102 USWIOM
T00°0> (18 T'€CT) 67T 100°0> (88'T'82°T)SS'T (Sy2e) Ty LEY n

an|ied 1eaH 104 uonezijeldsoH
100°0> (85T '8T'T) LE'T 100°0> (85T '6T'T) 8E'T (Lez'ren) e 16. UsIN
2€0°0 100°0> (T6T'OF'T) €9°T 100°0> (86T'OrT)0L'T (78T '6'ST) T'LT geL UBWOM
100°0> (99T 'vET) 6Y'T 100°0> (69T'.€T)2ST (6'6T ‘1'8T) 6'8T ¥2s'T 1\4

uonezijeyndsoH

onfen-d uonoesou]  anjea-q  (10%56) HH |ZIBPON  gnjea-y  (1D%56) MH T I9PON g yeak-uosiad 00T Jod oes 90uspiou]  SIUBAT 3WwoaNO

Author Manuscript

(G8€'€=N) Uone||LIqI4 [BLIY YHM Yreaq pue ‘80AS ‘uonezijendsoH Jo 3siy

¢ dlqeL

Author Manuscript

Author Manuscript Author Manuscript

available in PMC 2018 June 01.

i

Am J Cardiol. Author manuscript



Page 13

O’Neal et al.

"01R) pIezey=yH ‘[eAl8IUl 80USPIL0I=]D

*8%{0J1S PUE ‘aseasip Leay A1euoiod ‘UoIeOIISS.|O [BUOIOUN UOITBID0SSY LesH YI0A MaN ‘dnoB uoneziwopues
‘UIIeIS ‘s18Y20] B18q ‘s1ax20]q J0idaoai || uisuslolBue/sioNgIyul swAzus BuneAuod-uisualolbue ‘xapul ssew Apog ‘saleqelp ‘ainssaid poojq o1j01sAs ‘Buryows snjd saieLienod T [3pOA 104 paisnipy

1
"1apuab pue ‘adel ‘abe o} paisnipy
*

180 96000 (98'T'60'T) ¢¥'T 81000 (S6'T'LTT) TS T (ee's2) 62 vve yreaQ Je[nasenolpsed
2L 2200 (T9T'v0T) 62T 61000 (erTernovt (Lv'ee)ev Goe ureaQ
0€0 100°0> (89°€ 'or'1) €T 100°0> (e ‘er1) e (cT'g0)0T €8 »ons
€L'0 100°0> (602 'T€T) S9'T 100°0> (ve'2 '8r'1) 98'T (rv'se)6e €€ aun|ied LedH 1oy uolezijedsoH
220 100°0> (82'T'88'T) ST 100°0> (T6'T '67'T) 69'T (6'8T '8'9T) 8'LT 280'T uonezi[endsoH
JOpUBS) J0j UONORIBIUIL]  anjeA-q  (10%G6) HH [ZIBPON  gnpen-y  (10%56) MH T I9PON g yeak-uosiad 0OT Jod oyed 90uspiou]  SIUBA awoaNO

(67'Z=N) UonezijeldsoH ainjied LeaH JoLid Yl S1UaITed Ul UONE|[LIGI [BLIY YN 1ead Pue ‘830N ‘UoiTezi[eNdsoH JO isiy

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Cardiol. Author manuscript; available in PMC 2018 June 01.



	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

