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BACKGROUND: Heart failure with preserved ejection fraction (HFpEF) accounts for half of heart failure hospitalizations, with 
limited data on predictors of mortality by sex and race. We evaluated for differences in predictors of all-cause mortality by sex 
and race among hospitalized patients with HFpEF in the ARIC (Atherosclerosis Risk in Communities) Community Surveillance 
Study.

METHODS AND RESULTS: Adjudicated HFpEF hospitalization events from 2005 to 2013 were analyzed from the ARIC Community 
Surveillance Study, comprising 4 US communities. Comparisons between clinical characteristics and mortality at 1 year were 
made by sex and race. Of 4335 adjudicated acute decompensated heart failure cases, 1892 cases (weighted n=8987) were 
categorized as HFpEF. Men had an increased risk of 1-year mortality compared with women in adjusted analysis (hazard ratio 
[HR], 1.27; 95% CI, 1.06–1.52 [P=0.01]). Black participants had lower mortality compared with White participants in unadjusted 
and adjusted analyses (HR, 0.79; 95% CI, 0.64–0.97 [P=0.02]). Age, heart rate, worsening renal function, and low hemoglobin 
were associated with increased mortality in all subgroups. Higher body mass index was associated with improved survival in 
men, with borderline interaction by sex. Higher blood pressure was associated with improved survival among all groups, with 
significant interaction by race.

CONCLUSIONS: In a diverse HFpEF population, men had worse survival compared with women, and Black participants had 
improved survival compared with White participants. Age, heart rate, and worsening renal function were associated with 
increased mortality across all subgroups; high blood pressure was associated with decreased mortality with interaction by 
race. These insights into sex- and race-based differences in predictors of mortality may help strategize targeted management 
of HFpEF.
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Heart failure (HF) with preserved ejection fraction 
(HFpEF) constitutes half of HF cases today, and is 
predicted to be the predominant form of hospital-

ized HF over the next decade.1–5 To date, there remain 
no proven pharmacologic therapies shown to affect 

survival in HFpEF, and its underlying pathophysiologic 
mechanisms remain unclear.6 Population-based stud-
ies have consistently demonstrated that HFpEF is more 
common in women compared with men; however, out-
comes have been reported to be worse in men.4,7–9 
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Of the limited studies that have reported HFpEF char-
acteristics and outcomes by race, clinical outcomes 
have been either neutral or better in Black patients 
compared with White patients with HFpEF,7,10–12 with 
limited data on predictors of mortality by either sex or 
race following hospitalization for HFpEF.7

A major challenge in HFpEF is the heterogeneity 
of the patient population—from clinical characteris-
tics to underlying mechanisms of disease implicated 
in disease pathogenesis. Understanding differences 
in sex and race are imperative as we refine pheno-
type-based approaches to tackling this vastly unmet 
burden in cardiovascular disease today.13 In this study 
we investigated differences in patient characteristics, 
1-year case fatality, and predictors of mortality by sex 
and race among hospitalized patients with HFpEF 

within the racially diverse ARIC (Atherosclerosis Risk in 
Communities) Community Surveillance Study.

METHODS
Data Source
Anonymized data from the ARIC study are available 
through the National Heart, Lung, and Blood Institute 
Biologic Specimen and Data Repository Information 
Coordinating Center. Interested researchers may ad-
ditionally contact the ARIC study coordinating center 
to access the study data. All surveillance protocols 
were approved by local institutional review boards. 
Informed consent was not required because all data 
were anonymized by redacting personal identifiers. All 
supporting data are available within the article (and its 
online supplementary files).

Study Population
The ARIC study has conducted population-based ret-
rospective surveillance of HF hospitalization events in 4 
communities in the United States since 2005: Forsyth 
County, NC; Washington County, MD; Jackson, MS; 
and 8 northwest suburbs of Minneapolis, MN. Details 
of the ARIC Community Surveillance Study have been 
provided elsewhere.14 To summarize, HF surveillance 
eligibility is limited to those aged ≥55  years, with a 
hospitalization length of stay of at least 1 day. For the 
purposes of this study, those with a discharge date 
between January 1, 2005, and December 31, 2013, 
were included. Hospitalizations with International 
Classification of Diseases, Ninth Revision–Clinical 
Modification (ICD-9-CM) discharge diagnosis codes 
for congestive HF, hypertensive heart disease, chronic 
pulmonary heart disease, cardiomyopathy, acute pul-
monary edema, dyspnea, or rheumatic heart disease 
were sampled using prespecified sampling fractions 
within the ARIC communities for age, sex, and race 
(Black participants or White).

Definition of HF
Medical records of hospitalized patients from 20 hos-
pitals indicating signs or symptoms of HF were ab-
stracted and adjudicated by ARIC physicians, as has 
been previously described.14 Hospitalizations were 
classified as those for definite acute decompen-
sated HF, probable acute decompensated HF, stable 
chronic HF, not HF, or unclassifiable based on the 
medical record information available. Acute decom-
pensated HF was defined as evidence of new-onset 
or worsening of signs or symptoms of HF, compared 
with stable chronic HF. HF type was determined by 
the abstracted ejection fraction, from either the in-
patient diagnostic tests or preadmission imaging 

CLINICAL PERSPECTIVE

What is New?
• In hospitalized patients with heart failure with pre-

served ejection fraction from the Atherosclerosis 
Risk in Communities Community Surveillance 
Study, White participants had higher 1-year 
mortality than Black participants, and men had 
a higher risk of mortality than women in ad-
justed analysis.

• Age, heart rate, and worsening renal func-
tion were associated with increased mortality 
across the subgroups; higher blood pressure 
was associated with decreased mortality, with 
significant interaction by race.

What are Clinical Implications?
• The findings of the study have clinical implica-

tions for ongoing efforts to phenotype heart fail-
ure with preserved ejection fraction to identify 
the highest risk subgroups and target therapies.

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities
CKD-EPI  Chronic Kidney Disease 

Epidemiology Collaboration
HFpEF  heart failure with preserved ejection 

fraction
HFrEF  heart failure with reduced ejection 

fraction
ICD-9-CM  International Classification of 

Diseases, Ninth Revision–Clinical 
Modification

SBP systolic blood pressure
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studies. HF was classified as HFpEF in patients with 
left ventricular ejection fraction ≥50% and HF with 
reduced ejection fraction (HFrEF) in patients with an 
ejection fraction of <50%. Patients were excluded 
if they had any prior documented ejection fraction 
<50%. Hospitalizations that were not classified as 
definite or probable acute decompensated HF were 
excluded, and those with HFrEF or other primary car-
diomyopathy (infiltrative, restrictive, or valvular) were 
excluded (Figure 1).

Baseline Characteristics, Comorbid 
Conditions, and Outcomes
All data on baseline characteristics and comorbidities 
were obtained from detailed abstraction of the medical 
record. For laboratory measurements, ARIC systemati-
cally recorded the worst (eg, highest value for serum 
creatinine and serum urea nitrogen and lowest value for 
hemoglobin and sodium) and last values during hospi-
talization. Kidney function was primarily evaluated by 
estimated glomerular filtration rate, which was calcu-
lated using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) creatinine-based formula with 
the worst and last serum creatinine, respectively.15,16 
Covariates of interest were age, race, sex, history of 
HF, hypertension, diabetes mellitus, atrial fibrillation, 
coronary artery disease, pulmonary hypertension, 
chronic obstructive pulmonary disease (COPD), heart 
rate, systolic blood pressure (SBP), serum sodium 
(worst), estimated glomerular filtration rate (worst), and 

body mass index (BMI). Blood pressure (BP) and heart 
rate measured at admission were used in this analy-
sis. Mortality outcomes were assessed for up to 1 year 
following admission by linking hospital records to the 
National Death Index.

Statistical Analysis
To account for the sampling design, all analy-
ses were conducted using survey procedures and 
weighted by the inverse of the sampling probabili-
ties to appropriately account for the stratified sam-
pling design. Details are provided elsewhere but the 
sampling probabilities were created based on ICD-
9-CM codes, field center, sex, and race (by race in 
Forsyth County and Jackson only) to optimize vari-
ance estimates.17 Therefore, all results are presented 
(including in the Tables and Figures) as weighted 
number of hospitalizations.18 Baseline patient char-
acteristics were described according to sex and race 
subgroups. Means were compared using t tests, and 
proportions were compared using chi-square tests. 
Survival probability was estimated by Kaplan-Meier 
method. Adjusted hazard ratios (HR) of 1-year mor-
tality were compared by race and sex using Cox 
proportional hazards models (HR),19 with adjustment 
for the following covariates: age, race, and sex (mini-
mally adjusted model), and additionally history of HF 
hospitalization, hypertension, diabetes mellitus, atrial 
fibrillation, coronary heart disease, pulmonary hyper-
tension, COPD, end-stage renal disease, heart rate, 

Figure 1. Patient inclusion flow chart.
ADHF indicates acute decompensated heart failure; EF, ejection fraction; HF, heart failure; HFpEF, heart failure with preserved ejection 
fraction; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; and NDI, National Death Index.
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SBP, serum sodium, estimated glomerular filtration 
rate, BMI, and hemoglobin (fully adjusted model). We 
selected variables that are established predictors of 
mortality in HF since the ARIC surveillance study has 
limited data available as it relies on data abstraction 
from medical records.20 Each variable was tested for 
interaction with sex and race, respectively. All statis-
tical tests were 2-sided, with a P value <0.05 con-
sidered statistically significant. All statistical analyses 
were performed using STATA version 13 (StataCorp 
LLC).

RESULTS
Overall Population
Of a total of 2847 hospitalizations, those with missing 
covariates for the fully adjusted model were excluded 
(n=955), leaving 1892 hospitalizations (weighted 
n=8987) included in this analysis (Figure  1). The 
baseline characteristics of patients hospitalized with 
acute HFpEF from 2005 to 2013 are summarized in 
Table  1. Characteristics of patients who were ex-
cluded compared with those included are summa-
rized in Table S1. The mean age was 77.2 years (10.4 
years); women constituted 64.9% of the overall study 
sample, and 23.4% were Black participants. There 
was a high prevalence of comorbidities including 
hypertension (88.7%), diabetes mellitus (47.2%), and 
coronary artery disease (44.4%), with a mean BMI of 
31.3 kg/m2. Comparisons by sex and race are shown 
in Table  2. Mortality for the overall population was 
33.3% at 365 days.

Sex Comparison of Characteristics and 
Prognosis in HFpEF
Acute HFpEF hospitalization comparisons by sex are 
summarized in Table 2. Compared with men, women 
were older (78.1 versus 75.6 years, P<0.001), with more 
hypertension (90.0% versus 86.3%, P=0.02), more pul-
monary hypertension (22.8% versus 16.7%, P=0.003), 
and higher BMI (31.6 versus 30.6  kg/m2, P=0.03). 
Women had higher resting heart rate (87.5 versus 84.7 
beats per minute, P=0.02), worse renal function (esti-
mated glomerular filtration rate 38.8 versus 42.3 mL/
min per 1.73 m2, P=0.002), and lower hemoglobin (11.0 
versus 11.5 g/dL, P<0.001) compared with men. Men 
had higher rates of coronary artery disease (51.8% ver-
sus 40.4%, P<0.001) and sleep apnea (21.0% versus 
12.6%, P<0.001). There was no difference in mortal-
ity by sex at 365  days: 34.4% in men versus 32.8% 
in women (Figure  2A, P=0.40). However, in the fully 
adjusted analysis (Table  3), men had increased risk 
of death (HR, 1.27; 95% CI, 1.06–1.52 [P=0.02]) com-
pared with women.

Predictors of Mortality by Sex in HFpEF
In multivariable analysis of predictors of mortality by 
sex (Figure 3), age, heart rate, and worse renal func-
tion were independent predictors of mortality in both 
men and women. In women, atrial fibrillation and 
COPD were associated with increased mortality; in 
men, pulmonary hypertension was associated with 
increased mortality; however, without a significant P 
value for interaction (Table S2). Higher SBP was asso-
ciated with lower mortality for both men and women. 
Higher BMI was associated with lower mortality in 
men, with borderline significant interaction term by 
sex (odds ratio [OR] in men, 0.82 [95% CI, 0.73–0.93]; 
OR in women, 0.96 [95% CI, 0.90–1.02], P=0.06)  
(Table S2).

Table 1. Characteristics of 8987 Hospitalized Patients 
With Acute HFpEF From the ARIC Community Surveillance 
Study (2005–2014)

No. (%), Mean 
(SD), or Median 

[IQI]

Unweighted No. 
(Before Excluding 

Covariates Missing 
in the Fully 

Adjusted Model)

N=8987 
(weighted)*

2847

Age, y 77.2 (10.4) 2847

Men, % 3153 (35.1) 2847

Black participants, % 2101 (23.4) 2847

Admission to teaching 
hospital, %

3084 (34.3) 2847

History of HF 
hospitalization, %

2282 (25.4) 2847

Hypertension, % 7968 (88.7) 2847

Diabetes mellitus, % 4245 (47.2) 2846

Atrial fibrillation/flutter, % 3602 (40.1) 2847

Coronary artery disease, % 3989 (44.4) 2591

Pulmonary hypertension, % 1859 (20.7) 2845

Sleep apnea, % 1397 (15.5) 2847

COPD, % 3414 (38.0) 2847

End-stage renal disease, % 467 (5.2) 2847

Heart rate, beats per min 86.5 (23.6) 2824

SBP, mm Hg 146.7 (32.3) 2813

BMI, kg/m2 31.3 (10.8) 2440

Sodium (worst), mmol/L 136.1 (4.5) 2825

eGFR, mL/min per 1.73 m2 40.0 (22.3) 2530

BNP (worst), pg/mL 550 [285–1041] 1999

NT-proBNP (worst), pg/mL 3640 [1611–8148] 494

Hemoglobin (last), g/dL 11.2 (1.9) 2821

ARIC indicates Atherosclerosis Risk in Communities; BMI, body mass 
index; COPD, chronic obstructive pulmonary disease; eGFR, estimated 
glomerular filtration rate; HF, heart failure; HFpEF, heart failure with preserved 
ejection fraction; IQI, interquartile interval; and SBP, systolic blood pressure.

*The available unweighted number of patients was 1892 except for 
following laboratory results: B-type natriuretic peptide (BNP; n=1378) and 
NT-proBNP (N-terminal pro-B-type natriuretic peptide; n=298). 
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Race Comparison of Characteristics and 
Prognosis in HFpEF
HFpEF comparisons by race are summarized in 
Table  2. Compared with White patients, Black 
patients were younger (71.9 versus 78.9  years, 
P<0.001), with higher rates of prior HF hospitalization 
(36.4% versus 22.0%, P<0.001), and lower rates of 
hospitalization at a teaching hospital (29.8% versus 
35.7%, P=0.01). Black patients had more hyperten-
sion (92.8% versus 87.4%, P=0.001) and diabetes 
mellitus (64.1% versus 42.1%, P<0.001), along with 
higher BP (SBP 154 versus 144 mm Hg, P<0.001), 
and higher BMI (34.6 versus 30.3 kg/m2, P<0.001), 
compared with White patients. White patients had 
higher rates of coronary artery disease (45.9% 
versus 39.3%, P=0.01) and atrial fibrillation/flutter 
(44.8% versus 24.5%, P<0.001) compared with Black 
patients. White patients had significantly higher mor-
tality at 1 year compared with Black patients (36.1% 
versus 24.4%; Figure 2B, P<0.001); this was seen in 
fully adjusted analysis (Table  3) as well, with Black 
participants having lower risk of death (HR, 0.79; 
95% CI, 0.64–0.97 [P=0.02]).

Predictors of Mortality by Race in HFpEF
In multivariable analysis of predictors of mortality by 
race (Figure 4), age and heart rate were predictors of 
mortality in both races. Atrial fibrillation, COPD, and 
worse renal function were associated with worse 
survival in White participants and pulmonary hyper-
tension was associated with worse survival in Black 
participants, but without a significant interaction by 
race (Table  S3). Higher BMI was associated with 
improved survival in White participants only. Higher 
SBP was associated with improved survival in both 
races, with significant interaction by race (White: OR, 
0.97 [95% CI, 0.94–1.00]; Black participants OR, 
0.90 [95% CI, 0.85–0.95], P=0.02) (Table S3).

DISCUSSION
In the ARIC Community Surveillance Study, we 
compared clinical characteristics and outcomes in 
hospitalized patients with acute HFpEF by sex and 
race. The overall cohort was representative of clini-
cal HFpEF today: female predominance, high rates 
of comorbidities, and a high overall mortality rate of 

Table 2. Characteristics of Hospitalized Patients With Acute HFpEF From the ARIC Community Surveillance Study by Sex 
and Race

Women (n=5834) Men (n=3153) P Value
White Participants 

(n=6886)
Black Participants 

(n=2101) P Value

Age (mean), y 78.1 (10.1) 75.6 (10.8) <0.001 78.9 (9.3) 71.9 (12.2) <0.001

Men, % … … … 35.3 34.4 0.38

Black participants, % 23.6 22.9 0.38 … … …

Admission to teaching hospital, % 33.1 36.6 0.01 35.7 29.8 0.01

History of HF hospitalization, % 26.2 23.8 0.26 22.0 36.4 <0.001

Hypertension, % 90.0 86.3 0.02 87.4 92.8 0.001

Diabetes mellitus, % 47.8 46.2 0.50 42.1 64.1 <0.001

Atrial fibrillation/flutter, % 39.5 41.1 0.51 44.8 24.5 <0.001

Coronary artery disease, % 40.4 51.8 <0.001 45.9 39.3 0.01

Pulmonary hypertension, % 22.8 16.7 0.003 20.4 21.7 0.52

Sleep apnea, % 12.6 21.0 <0.001 14.9 17.7 0.13

COPD, % 38.0 38.0 0.98 38.6 36.2 0.35

End-stage renal disease, % 4.3 6.9 <0.001 3.6 10.3 <0.001

Heart rate, beats per min 87.5 (23.3) 84.7 (24.0) 0.02 87.1 (22.8) 84.7 (24.9) 0.04

SBP, mm Hg 146.7 (32.0) 146.7 (32.7) 0.99 144.4 (29.1) 154.1 (41.4) <0.001

BMI, kg/m2 31.6 (11.7) 30.6 (8.6) 0.03 30.3 (9.5) 34.6 (14.4) <0.001

Sodium (worst), mmol/L 135.8 (4.6) 136.5 (4.4) 0.002 135.9 (4.3) 136.5 (5.0) 0.02

eGFR (worst), mL/min per 1.73 m2 38.8 (20.7) 42.3 (24.9) 0.002 40.2 (19.4) 39.5 (31.7) 0.56

BNP (worst), pg/mL 981.4 (1970.5) 857.5 (1026.5) 0.15 938.0 (1731.0) 932.7 (1247.7) 0.95

NT-proBNP (worst), pg/mL 8055.4 (14615.8) 8177.3 (12412.9) 0.94 6726.6 (8139.2) 9843.4 (19357.5) 0.11

Hemoglobin (last), g/dL 11.0 (1.7) 11.5 (2.1) <0.001 11.3 (1.7) 10.8 (2.3) <0.001

Data are reported as number (percentage), mean (SD), or median [interquartile interval]. ARIC indicates Atherosclerosis Risk in Communities; BMI, body mass 
index; BNP, B-type natriuretic peptide; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HF, heart failure; HFpEF, heart 
failure with preserved ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and SBP, systolic blood pressure.
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33.2% at 1 year following hospitalization. Men had 
an increased risk of mortality compared with women 
in adjusted analysis, and White participants had in-
creased mortality compared with Black participants 
in unadjusted and adjusted analyses. Higher BP was 
associated with lower mortality among all subgroups, 

with a significant interaction by race. Age, elevated 
heart rate, renal disease, and anemia were associ-
ated with higher mortality among all subgroups. In 
a disease plagued by heterogeneity, the findings of 
this study highlight key prognostic factors associated 
with survival by sex and race.

Sex Differences in Mortality of HFpEF
We found that men had a higher risk of mortality than 
women in adjusted analysis, which is generally con-
sistent with studies to date,7,9,21 although a study of 
in-hospital mortality in HFpEF suggested similar out-
comes between men and women.22 In multivariable 
analysis, atrial fibrillation and COPD were associated 
with higher mortality in women, while pulmonary hy-
pertension was associated with higher mortality in 
men, but without significant interaction by sex. Atrial 
fibrillation is associated with adverse cardiovascular 
outcomes in HFpEF, and, when present in women 
with HFpEF, has been associated with a greater risk 
of adverse events compared with men.23 Potential 
sex differences in underlying mechanisms of atrial 
fibrillation and implications for HFpEF are not well 
understood, however. Similarly, when present in the 
setting of HFpEF, pulmonary hypertension is associ-
ated with worse outcomes; however, sex differences 
in pulmonary hypertension are poorly understood.24 
Each of these comorbid conditions warrants further 
investigation as we try to better understand the role 
of sex in HFpEF phenotyping.

We found that BMI was inversely associated with 
mortality in men, with a signal for interaction by sex. 
Obesity is common in patients with HFpEF, and has 
been proposed as a unique phenotype of HFpEF as-
sociated with increased left ventricular remodeling, 
worse right ventricular function, increased ventricular 
volumes, and worse exercise capacity compared with 
nonobese patients with HFpEF.25 However, there is a 
known inverse relationship between BMI and mor-
tality in HF, often termed the obesity paradox. This 
has been previously described as either U-shaped 
or J-shaped in both HFpEF and HFrEF patient co-
horts.26,27 Therefore, while obesity may be implicated 
as a risk factor in the pathogenesis of HFpEF,28 it ap-
pears to be protective to a certain extent after the de-
velopment of HF, and our findings suggest that further 
study to understand the role sex interaction with BMI 
in HFpEF pathogenesis and prognosis is warranted.

Race Differences in Mortality in HFpEF
Our findings that Black patients with HFpEF have 
greater prevalence of hypertension, diabetes mel-
litus, and obesity, but less coronary artery disease 
when compared with White patients, is consistent with 
prior studies to date.7,11,29,30 The comorbidity profiles 

Figure 2. Survival of hospitalized heart failure with 
preserved ejection fraction (HFpEF) by (A) sex and (B) race.
ADHF indicates acute decompensated heart failure.

Table 3. Adjusted HRs of 365-Day Mortality in Patients 
With HFpEF by Sex and Race

Minimally Adjusted Model* Fully Adjusted Model**

HR (95% CI) P Value HR (95% CI) P Value

Men 1.18 (0.99–1.41) 0.06 1.27 (1.06–1.52) 0.02

Black 
participants

0.76 (0.62–0.92) 0.01 0.79 (0.64–0.97) 0.02

*Minimally adjusted model: adjusted for age, race, and sex, as appropriate.
**Fully adjusted model: minimally adjusted model+history of heart failure 

hospitalization, hypertension, diabetes mellitus, atrial fibrillation, coronary 
heart disease, pulmonary hypertension, chronic obstructive pulmonary 
disease, end-stage renal disease, heart rate, systolic blood pressure, 
serum sodium, estimated glomerular filtration rate, body mass index, 
and hemoglobin. HR indicates hazard ratio; and HFpEF, heart failure with 
preserved ejection fraction.
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of Black participants versus White participants with 
HFpEF likely bear mechanistic implications. Black par-
ticipants have a greater incidence of hypertension and 
diastolic dysfunction at the population level when com-
pared with White participants, and studies have shown 
increased left atrial volume, lower left ventricular dias-
tolic function, and higher left ventricular mass indices 
in Black participants compared with White participants 

without HF, even after controlling for variables such 
as age, sex, BP, and common comorbidities.31,32 The 
higher prevalence of obesity and diabetes mellitus in 
Black participants would suggest a predominantly 
metabolic syndrome phenotype of HFpEF, manifest-
ing at an earlier age compared with White participants 
who are older with more coronary heart disease. We 
found that Black participants had lower mortality than 

Figure 3. Adjusted odds ratios of 365-day mortality by sex in heart failure (HF) with preserved ejection fraction.*
*Predictors in fully adjusted model: age, race, sex, history of HF hospitalization, hypertension, diabetes mellitus, atrial fibrillation, 
coronary artery disease, pulmonary hypertension, chronic obstructive pulmonary disease, end-stage renal disease, heart rate, 
systolic blood pressure, serum sodium, and estimated glomerular filtration rate (eGFR).

Figure 4. Adjusted odds ratios of 365-day mortality by race in heart failure (HF) with preserved ejection fraction.*
*Predictors in fully adjusted model: age, race, sex, history of HF hospitalization, hypertension, diabetes mellitus, atrial fibrillation, 
coronary artery disease, pulmonary hypertension, chronic obstructive pulmonary disease, end-stage renal disease, heart rate, 
systolic blood pressure, serum sodium, and estimated glomerular filtration rate (eGFR).
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White participants, even in fully adjusted analysis, sug-
gesting that race may play a role in survival beyond 
comorbidities alone.

BP and Race Interaction in HFpEF
We found that higher SBP at the time of presenta-
tion with acute decompensated HF was protective 
among all 4 race and sex subgroups of HFpEF, with 
significant interaction by race. Hypertension is known 
to be more prevalent in patients with HFpEF com-
pared with those with HFrEF, and is an established 
risk factor for incident HFpEF.3 The paradoxical re-
lationship between lower BP and poor prognosis is 
well established for patients with HFrEF, 33,34 and has 
been demonstrated in patients with HFpEF as well.35 
More recently, this relationship has been described 
as a reverse J curve for both patients with HFpEF 
and those with HFrEF.36 Our finding of an interaction 
between BP and race in HFpEF is novel, and war-
rants further study.

Common Potent Predictors of Mortality in 
HFpEF
We found that age, heart rate, renal disease, and ane-
mia were associated with increased mortality among 
all 4 subgroups of HFpEF. These are known markers 
of poor prognosis in HFrEF, and are increasingly being 
recognized to have prognostic implications in HFpEF. 
HFpEF has traditionally been considered a disease of 
an aging population; however, population studies and 
clinical trials are reporting an increasingly younger age 
of presentation or enrollment, suggesting an evolving 
demographic of younger patients with many comorbid 
conditions. Whether age in itself will remain a key un-
derlying player in disease pathogenesis and prognosis 
remains to be seen. Heart rate has been known to be a 
marker of poor cardiac reserve and prognosis in HFrEF; 
however, there are limited data on heart rate and prog-
nosis in patients with HFpEF.37,38 Further investigation 
is needed to determine the implications of basal heart 
rate—whether elevated resting heart rate is a marker of 
disease severity and/or whether targeting heart rate in 
HFpEF would be associated with therapeutic success, 
recognizing that β-blocker therapy has not proven suc-
cessful to date in patients with HFpEF. Chronic kidney 
disease has long been known to be associated with 
poor prognosis in HF, of both phenotypes.39 Chronic 
kidney disease in older patients has been proposed as 
an independent phenotype in HFpEF,13 associated with 
worse prognosis compared with younger patients with 
relatively intact renal function. The underlying mecha-
nisms of renal dysfunction in patients with HFpEF are 
many, including renal disease from long-standing hy-
pertension, diabetes mellitus, and the development of 
cardiorenal syndrome over time. Strategies to mitigate 

renal impairment both in the outpatient and inpatient 
settings are in need of further exploration.

Study Limitations
The findings of the present study should be inter-
preted in the context of several limitations. As this is 
the community surveillance component of the ARIC 
study, the data presented are from 4 US communi-
ties and may not represent the entire US population. 
Furthermore, the majority of Black patients are from 
the Jackson, MS, community, and therefore racial 
versus regional differences cannot entirely be sepa-
rated. The ARIC community surveillance population 
includes patients >55 years, and may not be gener-
alizable to younger patients with HFpEF. In addition, 
a significant number of HFpEF hospitalizations identi-
fied were excluded (33.2%) so that a complete case 
analysis could be completed, creating the potential 
for bias. Finally, residual confounding by socioeco-
nomic status, education level, and income are poten-
tial additional limitations of this study, as these data 
are not available.

CONCLUSIONS
HFpEF represents a major unmet need in cardiovas-
cular medicine today, with ongoing efforts to identify 
clinical and mechanistic subgroups, or phenotypes, 
within HFpEF to better target therapies. We sought to 
understand differences in sex and race in hospitalized 
patients with HFpEF from the community surveillance 
population of the ARIC study, a large sample that is 
unique in its geographic and racial diversity. We iden-
tified differences in patient characteristics and out-
comes by sex and race in a diverse HFpEF population, 
which may help strategize targeted monitoring and 
management of HFpEF.
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Table S1. Baseline characteristics by those who are excluded and included in study analysis. 

 
Excluded  

(unweighted N=3,355) 
Included 

(unweighted N=4,359) 

 
N Weighted 

N(%) or 
mean (SD) 

N Weighted 
N(%) or 

mean (SD) 

Age, years (mean) 3355 75.7 (10.9) 4359 75.9 (10.6) 

Male, % 3355 47.8 4359 46.8 

African American, % 3355 32.9 4359 27.5 

Admission to teaching hospital, % 3355 39.4 4359 37.5 

History of HF hospitalization, % 3355 37.9 4359 32.4 

Hypertension, % 3353 85.6 4359 85.5 

Diabetes, % 3353 49.6 4359 47.0 

Atrial Fibrillation/flutter, % 3354 36.9 4359 37.6 

Coronary artery disease, % 2377 48.3 4359 52.8 

Pulmonary hypertension, % 3351 17.0 4359 16.7 

Sleep apnea, % 3354 12.1 4358 11.5 

Chronic obstructive pulmonary 
disease, % 

3355 
35.3 

4359 
35.1 

End stage renal disease, % 3354 8.5 4359 5.9 

Heart rate, bpm 3266 88.2 (22.9) 4359 89.4 (23.9) 

Systolic blood pressure, mmHg 3257 141.2 (33.8) 4359 142.9 (32.8) 

BMI, kg/m2 2146 29.4 (9.7) 4359 29.4 (9.3) 

Sodium (worst), mmol/L 3291 135.8 (5.1) 4359 135.9 (4.4) 

eGFR (worst), mL/min/1.73 m2 2437 38.5 (22.6) 4359 40.7 (22.8) 

NT-proBNP (worst), pg/mL 
691 13727.4 

(28348.7) 
657 11743.4 

(20084.2) 

Hemoglobin (last), g/dL 3308 11.2 (2.0) 4335 11.4 (1.9) 

 

 



Table S2. Hazard Ratio of Each Predictor in Fully Adjusted Model* of 365-day Mortality in HFpEF by Sex. 

 365-day mortality 

 Female Male  

 HR (95% CI) HR (95% CI) P interaction 

Age, per 10 years increment  1.33 (1.17-1.51) 1.23 (1.05-1.44) 0.95 

African American 0.79 (0.60-1.03) 0.72 (0.52-1.01) 0.99 

History of HF hospitalization 0.96 (0.74-1.25) 0.91 (0.66-1.25) 0.93 

Hypertension 0.84 (0.60-1.16) 0.91 (0.58-1.43) 0.79 

Diabetes 1.08 (0.85-1.38) 1.19 (0.88-1.61) 0.85 

Atrial Fibrillation/flutter 1.29 (1.00-1.65) 1.11 (0.83-1.50) 0.64 

Coronary artery disease 1.18 (0.92-1.51) 1.17 (0.87-1.56) 0.70 

Pulmonary hypertension 1.13 (0.88-1.45) 1.69 (1.20-2.36) 0.18 

Chronic obstructive pulmonary disease 1.47 (1.17-1.83) 1.16 (0.85-1.56) 0.41 

End stage renal disease 0.83 (0.46-1.49) 0.82 (0.48-1.39) 0.84 

Heart rate, per 10 bpm increment 1.05 (1.01-1.10) 1.10 (1.03-1.17) 0.37 

Systolic blood pressure, per 10 mmHg increment 0.96 (0.93-1.00) 0.94 (0.89-0.99) 0.41 

Sodium (worst), per 5 mmol/L increment  0.95 (0.84-1.07) 0.91 (0.76-1.09) 0.52 

eGFR (worst), per 15 mL/min/1.73 m2 decrement** 1.19 (1.08-1.31) 1.14 (1.01-1.27) 0.66 

Body mass index, per 5 kg/m2 increment 0.96 (0.90-1.02) 0.82 (0.73-0.93) 0.06 

Hemoglobin, per 1 g/dL increment 0.90 (0.83-0.97) 0.84 (0.77-0.92) 0.28 
 

*Predictors in fully adjusted model: age, race, sex, history of HF, hypertension, diabetes, atrial fibrillation, coronary artery disease, pulmonary 
hypertension, chronic obstructive pulmonary disease, end-stage renal disease, heart rate, systolic blood pressure, serum sodium, eGFR, body 
mass index and hemoglobin. 
**eGFR = estimated glomerular filtration rate. 

  



Table S3. Hazard Ratio of Each Predictor in Fully Adjusted Model* of 365-day Mortality in HFpEF by Race. 

 365-day mortality 

 Caucasian African American  

 HR (95% CI) HR (95% CI) P interaction 

Age, per 10 years increment 1.28 (1.14, 1.44) 1.32 (1.12, 1.55) 0.36 

Male 1.27 (1.03, 1.56) 1.40 (0.99, 1.98) 0.99 

History of HF hospitalization 0.90 (0.71, 1.15) 1.10 (0.78, 1.56) 0.45 

Hypertension 0.87 (0.65, 1.17) 0.59 (0.35, 0.98) 0.13 

Diabetes 1.18 (0.95, 1.47) 0.93 (0.65, 1.33) 0.42 

Atrial Fibrillation/flutter 1.34 (1.09, 1.66) 0.87 (0.59, 1.29) 0.31 

Coronary artery disease 1.18 (0.95, 1.46) 1.14 (0.81, 1.60) 0.38 

Pulmonary hypertension 1.19 (0.94, 1.51) 1.56 (1.09, 2.22) 0.28 

Chronic obstructive pulmonary disease 1.41 (1.15, 1.72) 1.28 (0.90, 1.80) 0.98 

End stage renal disease 0.81 (0.48, 1.36) 0.88 (0.53, 1.46) 0.83 

Heart rate, per 10 bpm increment  1.06 (1.02, 1.10) 1.14 (1.06, 1.21) 0.04 

Systolic blood pressure, per 10 mmHg increment  0.97 (0.94, 1.00) 0.90 (0.85, 0.95) 0.02 

Sodium (worst), per 5 mmol/L increment  0.95 (0.85, 1.06) 0.90 (0.73, 1.13) 0.72 

eGFR (worst), per 15 mL/min/1.73 m2 decrement** 1.20 (1.10, 1.31) 1.11 (0.99, 1.25) 0.08 

Body mass index, per 5 kg/m2 increment  0.88 (0.81, 0.95) 1.03 (0.95, 1.12) 0.01 

Hemoglobin, per 1 g/dL increment 0.86 (0.81, 0.92) 0.90 (0.81, 1.00) 0.31 
 

*Predictors in fully adjusted model: age, race, sex, history of HF, hypertension, diabetes, atrial fibrillation, coronary artery disease, pulmonary 
hypertension, chronic obstructive pulmonary disease, end-stage renal disease, heart rate, systolic blood pressure, serum sodium, eGFR, body 
mass index and hemoglobin.  
**eGFR = estimated glomerular filtration rate; BMI = body mass index. 


