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Abstract

Background: Obesity increases with age, is disproportionately prevalent in Black populations,
and is associated with heart failure with preserved ejection fraction (HFpEF). An “obesity
paradox”, or improved survival with obesity, has been reported in patients with HFpEF.

Objective: To examine whether racial differences exist in the temporal trends and outcomes
associated with obesity among older patients with HFpEF.

Design: Community surveillance of acute decompensated heart failure (ADHF) hospitalizations,
sampled by stratified design from 2005-2014.

Setting: Atherosclerosis Risk in Communities Study (NC, MS, MD, MN)

Corresponding author: Melissa C. Caughey, Joint Department of Biomedical Engineering, University of North Carolina and North
Carolina State University, Chapel Hill, NC 27599-7075, Phone: (919) 843-1841, caughey@med.unc.edu, Twitter: @CaugheyPhD.
Author Contributions

Drs. Caughey and Pandey conceptualized the study and wrote the manuscript. Dr. Caughey performed the statistical analysis. Drs.
Vadugananthan, Arora, Qamar, Mentz, Chang, Yancy, Russell, Shah, and Rosamond interpreted the data and revised the manuscript
critically.

Conflicts of Interest
The authors report no conflicts of interest



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Caughey et al. Page 2

Participants: A total of 10,147 weighted hospitalizations for ADHF (64% female, 74% White,
mean age 77 years), with ejection fraction 250%.

Measurements: ADHF classified by physician review, HFpEF defined by ejection fraction
>50%. Body mass index (BMI) calculated from weight at hospital discharge. Obesity defined by
BMI = 30 kg/m?, class 111 obesity by BMI > 40 kg/m2.

Results: When aggregated across 2005-2014, the mean BMI was higher for Black compared to
White patients (34 vs. 30 kg/m?; £<0.0001), as was prevalence of obesity (56% vs. 43%; P
<0.0001) and class Il obesity (24% vs. 13%; £ <0.0001). Over time, the annual mean BMI and
prevalence of class |11 obesity remained stable for Black patients, but steadily increased for White
patients, with annual rates statistically differing by race (P-interaction =0.04 and P=0.03,
respectively). For both races, a U-shaped adjusted mortality risk was observed across BMI
categories, with the highest risk among patients with a BM1 240 kg/m?2.

Conclusion: Black patients were disproportionately burdened by obesity in this decade-long
community surveillance of older hospitalized patients with HFpEF. However, temporal increases
in mean BMI and class 111 obesity prevalence among White patients narrowed the racial difference
in recent years. For both races, the worst survival was observed with class I11 obesity. Effective
strategies are needed to manage obesity in patients with HFpEF.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) typically presents in advanced age
and is accompanied by multiple comorbidities and chronic, systemic inflammation.13
Recognized as a true geriatric syndrome2, HFpEF is now the most common form of heart
failure (HF),%-6 yet remains refractory to available pharmacotherapies.”:8 Obesity is a
unique, modifiable risk factor for the development of HFpEF in older individuals,®10 and is
associated with worse hemodynamics, poor quality of life and higher risk of hospitalization.
11-14 Despite its prognostic utility, our understanding of the obesity burden in older patients
with HFpEF is limited. While a disproportionately high prevalence of obesity has been
reported in Black patients with HFpEF,6:13 race-specific temporal trends have not been
examined, nor is it known whether race-specific obesity prevalence has changed over time in
HFpEF populations.

The ideal management of obesity in older patients with HFpEF is also uncertain. Obesity
was long thought to be protective in older individuals, a hypothesis which was debunked in
clinical trials randomizing older subjects to intentional weight loss.12:16 Although
intentional weight loss has been associated with better hemodynamics and quality of life for
patients with HFpEF, 1718 an “obesity paradox”, or better survival with obesity, has also
been reported for patients with HFpEF. To gain a better understanding of the burden, race-
specific temporal trends, and outcomes of obesity in patients with HFpEF, we analyzed a
decade-long community surveillance of Black and White patients with HFpEF who were
hospitalized with acute decompensated heart failure (ADHF).
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The Atherosclerosis Risk in Community (ARIC) Study’s data and materials are publicly
available to qualified investigators with an approved manuscript proposal and data use
agreement. The data and analytic methods may be requested from the ARIC coordinating
center and made available upon approval by the ARIC Publications Committee.

The ARIC Study Community Surveillance

From 2005-2014, the ARIC study conducted community surveillance of hospitalized ADHF
in Forsyth County, North Carolina; Washington County, Maryland; Jackson, Mississippi;
and Minneapolis, Minnesota. As previously reported in literature,1° hospitalizations were
randomly sampled within pre-specified strata based on the ARIC community, discharge code
(428.x or all other eligible codes), age (55-74, 75-84, or =85 years), sex, and race (Black or
White) and reviewed by a physician panel. ADHF was differentiated from stable, chronic
HF by evidence of new onset or worsening signs or symptoms of HF. Surveillance activities
were approved by local institutional review boards (IRBs). Patient consent was not required
for surveillance because personal identifiers were redacted from the analytic dataset. The
present investigation was considered a secondary analysis of a deidentified dataset and was
exempt from IRB review.

Data Abstraction

Outcomes

Demographic, clinical, and echocardiographic data were obtained from the medical record
by certified abstractors following a standardized protocol. We defined obesity by a body
mass index (BMI) = 30 kg/m?2 and class 111 obesity by a BMI = 40 kg/m?2, based on the
weight at hospital discharge. Natriuretic peptide levels were abstracted from the record,
based on availability in the hospital record. Most hospitalizations (71%) assayed B-type
natriuretic peptide (BNP) rather than N-terminal pro hormone natriuretic peptide (NT-
proBNP). Comorbid conditions were classified by presence or absence in the medical
record. Ejection fraction was abstracted from in-hospital echocardiography reports and
considered indicative of HFpEF when =50%. Left ventricular hypertrophy and pulmonary
hypertension were considered present if classified as “moderate” or “severe” on the
echocardiography report, while diastolic dysfunction and right ventricular dilation were
classified by presence or absence on the echocardiography report.

Our primary outcomes of interest were annual mean BMI, annual prevalence of obesity, and
annual prevalence of class I11 obesity among race-specific subgroups of patients hospitalized
with acute decompensated HFpEF from 2005-2014. As a secondary outcome we examined
all-cause mortality within 1 year of the hospitalization event. Mortality outcomes were
ascertained by the ARIC study, by linking hospital records with the National Death Index.20

Statistical Analysis

All analyses were performed using SAS Survey Procedures 9.4 (SAS Institute; Cary, NC).
Statistical tests and models accounted for the stratified sampling design and were weighted
by the inverse of the sampling probability.2 Continuous variables were assessed for
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normality and compared using the difference in least square means from weighted linear
regression. Categorical variables were compared using Rao-Scott Xz tests. The annual mean
BMI, obesity prevalence, and class 111 obesity prevalence among Black and White patients
were plotted and compared visually, with trend lines fit by 2" order polynomials.
Significance of annual trends across 2005-2014 were analyzed using linear and logistic
regression, respectively, with year of admission as the regressor. Racial comparisons of
annual trends were analyzed by testing the multiplicative interaction between race and year
of admission. Mortality risks within various BMI cutpoints (18.5 to <25, 25 to <30, 30 to
<35, 35 to <40, and =40 kg/m?2) were plotted and compared visually, to examine the shape of
the distribution and determine the lowest-risk BMI category. Overall and race-stratified
multivariable Cox regression models adjusted for demographics (age, race, sex, year of
admission, hospital of admission), length of stay (a surrogate of hospitalization acuity), and
comorbidities (current smoking, chronic obstructive pulmonary disease, hypertension, atrial
fibrillation, coronary artery disease, and diabetes mellitus) were constructed to analyze the
relationship between BMI categories and mortality, using the lowest-risk BMI category as
the reference group. Modification of the mortality association by race was tested by the
multiplicative interaction between race and BMI categories. Patients with a BMI <18.5
kg/m?2 were excluded from mortality models because underweight BMI in this population
likely reflects severe cachexia from chronic illness.

Several sensitivity analyses were conducted to assess the robustness of our observations. In
the first sensitivity analysis, race-stratified temporal trends in mean BMI, obesity prevalence,
and class 111 obesity prevalence were examined within the ARIC communities contributing
substantial sample sizes of Black patients (Forsyth, NC and Jackson, MS). Following this,
we examined race-stratified temporal trends separately for women and men. We also
examined race-specific mortality hazards ratios associated with BMI categories, by
stratifying the primary analysis mortality model by race. Additionally, we examined
mortality hazard ratios for the entire study population by comparing BMI categories to a
normal BMI reference group of 18.5 to <25 kg/m2. Finally, we examined the mortality
hazard ratios from the primary model with additional adjustment for B-type natriuretic
peptide, among the subset with available biomarker abstractions.

A total of 23,409 hospitalizations were sampled from 2005 — 2014. Of these, 8,914 were
classified as definite or probable ADHF with race identified as Black or White. After
excluding admissions lacking in-hospital echocardiography, 5,542 remained. Of these, 2,250
were classified as HFpEF. After excluding patients missing BMI abstractions (N = 41) or
mortality outcomes (N = 76), 2,133 remained, corresponding to 10,147 weighted events
(Supplemental Figure S1). The presentation of all subsequent results reflects the weighted
population.

The overall study population was predominantly female (64%) and White (74%) and on
average, 77 years old. Nearly half were classified as obese (47%). Patients with obesity were
younger, more often women and Black, and had a higher prevalence of comorbidities than
patients without obesity (Table 1). B-type natriuretic peptide levels declined with increasing
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BMI but tended to be higher among Black patients (Figure 1). When aggregated across
2005-2014 and stratified by race, Black patients had a higher mean BMI than White patients
(34 vs. 30 kg/m2; P<0.0001), and a greater prevalence of obesity (56% vs. 43%; P <0.0001)
and class 11 obesity (24% vs. 13%; £<0.0001). The racial differences in prevalence of
obesity and class 111 obesity were observed in all 4 ARIC communities; Supplemental Figure
S2. The mean BMI increased over time for White patients (29 kg/m? [2005-2009] to 31
kg/m?2 [2010-2014]; Pfor annual trend = 0.0003), as did prevalence of obesity (37% [2005—
2009] to 469% [2010-2014]; Pfor annual trend = 0.0009) and class 111 obesity (10% [2005—
2009] to 14% [2010-2014]; Pfor annual trend = 0.04), Figure 2. However, little temporal
change was noted in mean BMI for Black patients (34 kg/m? in both 2005-2009 and 2010—
2014; Pfor annual trend across 2005-2014 = 0.6), or obesity prevalence (56% in both time
intervals; Pfor annual trend = 1.0), while the prevalence of class 111 obesity declined slightly
during the study period (26% [2005-2009] to 22% [2010-2014], Pfor annual trend = 0.3),
Figure 2. The rate of temporal increase in average BMI differed for White vs. Black patients
(Pfor interaction by race = 0.04), as did the annual rate of increase in obesity prevalence (P
for interaction by race = 0.06) and class Il obesity prevalence (Pfor interaction by race =
0.03), Figure 2. Similar trends were observed when limiting the analysis to the ARIC
communities with substantial sample sizes of Black patients (Forsyth County, NC and
Jackson, MS, contributing 2407 Black patients); Supplemental Figure S3. When stratified by
sex, the accelerated increase in annual obesity prevalence for White relative to Black
patients was largely observed among female patients (P for interaction by race = 0.08), with
no apparent racial differences in the annual rate of increase among male patients (2 for
interaction by race = 0.3), Supplemental Figure S4.

When aggregated across 2005-2014 and stratified by race, Black patients with obesity were
younger on average than White patients with obesity (69 vs. 75 years) and more often
women (71% vs. 64%). The mean age at admission was stable across 2005-2014 for patients
with obesity of both races (Table 2). However, gender distributions changed over time, with
an increasing percentage of women constituting both Black and White patients with obesity
hospitalized with ADHF. The temporal increase in female patients did not differ by race,
however (P for interaction by race = 0.5). Most patients with obesity had a BMI exceeding
35 kg/m?: both in 2005-2009 and 2010-2014 (Table 2). The mean BMI did not change
substantially by for Black patients with obesity (41 kg/m? both in 2005-2009 and 2010—
2014; Pfor annual trend = 0.5) but increased among White patients with obesity (37 kg/m?
[2005-2009] to 39 kg/m? [2010-2014]; Pfor annual trend = 0.06). Among the patients with
obesity, there was an increase in the annual prevalence of sleep apnea and depression, for
both races. The rate of increase did not differ by race (P for interaction by race = 0.6 and 0.4,
respectively). The annual prevalence of atrial fibrillation increased only among Black
patients with obesity, while the annual prevalence of chronic kidney disease decreased only
among White patients with obesity. Interestingly, the prevalence of left ventricular
hypertrophy declined substantially over time, both for Black patients with obesity (2P for
annual trend = 0.004) and White patients with obesity (2 for annual trend = 0.02), but the
rate of decline did not statistically differ by race (P for interaction by race = 0.6). Diastolic
dysfunction was increasingly reported in White patients with obesity over time, with a
temporal increase that statistically differed from Black patients (2P for interaction by race =
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0.01). Right ventricular dilation and pulmonary hypertension were increasingly reported
over time for White but not Black patients with obesity; however, the annual rate of change
did not statistically differ by race.

Across the 10-year surveillance, there were 3037 (30%) deaths within 1 year of
hospitalization. When categorizing BMI into 5 distinct groups: (18.5 to <25; A=510), (25 to
<30; A=544), (30 to <35; A=412), (35 to <40; M=250), and (240 kg/m?; N=342; median=46
kg/m?), the lowest absolute risk of mortality within 1 year was observed among patients
with mild obesity (30 to <35 kg/m2). In various multivariable modeling approaches, a U-
shaped 1-year mortality risk was observed across increasing BMI categories (Supplemental
Table S1). After full adjustment, the highest mortality risk was observed with normal BMI
(18.5 to <25 kg/m?), yielding a hazard ratio of 1.36 (1.03 — 1.80); and class 111 obesity (BMI
>40 kg/m?2), yielding a hazard ratio of 1.37 (1.01 — 1.86), when compared to a BMI of 30 to
<35 kg/m?; Figure 3. A similar U-shaped distribution in adjusted 1-year mortality risk was
observed when stratified by race (Supplemental Figure S5). When comparing obesity
categories to a normal BMI reference group, the associated hazards presented in a J-shaped
distribution (Supplemental Figure S6). The obesity mortality risk relative to the reference
group of 30 to <35 kg/m? was not modified by race, within any BMI category (P for
interaction by race > 0.6 in each category). In the subset of patients with available BNP
abstractions, a similar U-shaped distribution in 1-year mortality risk was observed with BMI
categories, which was unaltered by additional adjustment for BNP (Supplemental Table S2).

Discussion

In this decade-long community surveillance of older HFpEF patients hospitalized with
ADHF, obesity was common and more prevalent among Black patients. Over the course of
surveillance, the prevalence of obesity and class Il obesity steadily increased among White
patients but not Black patients, narrowing racial prevalence differences in more recent years.
BMI was associated with a U-shaped distribution in adjusted 1-year mortality risk, with
worse survival among patients with either normal body weight or class 111 obesity, with no
effect modification by race.

Race-stratified temporal trends in obesity among HFpEF patients hospitalized with ADHF
have not been previously reported. However, an overall increase in obesity among ADHF
hospitalizations spanning 2005-2014 has been noted.22 During this same time frame,

HFpEF became the predominant form of heart failure, accounting for the majority of ADHF
hospitalizations.*® Obesity is more strongly associated with HFpEF as compared with heart
failure with reduced ejection fraction (HFrEF),12:23 possibly explaining the reported increase
in obesity prevalence among ADHF hospitalizations and patients with incident heart failure.
422 On the other hand, it is also possible that demographic shifts have influenced obesity
prevalence in ADHF hospitalizations in recent years. In support of this, a decreasing
proportion of patients hospitalized with ADHF from 2005-2014 in the Get with the
Guidelines (GWTG) registry was reported to be White (73% to 67%).22 In this analysis from
the ARIC study community surveillance, obesity prevalence was higher among Black vs.
White patients with HFpEF, irrespective of year of admission. Mean BMI and prevalence of
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obesity and class 111 obesity remained stable across 2005-2014 for Black patients, but
increased significantly among White patients, with no indication of a plateau.

Consistent with other reports, the population of patients with HFpEF in the present analysis
was predominantly female and over the age of 60. In the general Black and White US
populations over the age of 60, the prevalence of obesity is estimated to be 48% and 39%,
respectively. The racial difference becomes even more striking when considering Black and
White women =60 years, who attain an obesity prevalence of 58% and 38%, respectively.24
In the present study, we observed a higher obesity prevalence among Black HFpEF patients
hospitalized with ADHF than White patients (56% vs. 43%); distributions which largely
parallel Black and White obesity estimates from the female general population. However,
unlike in the general population, the prevalence of class |11 obesity (BMI 240 kg/m?2) in our
study population was 24% and 13%, respectively, for Black and White patients. By
comparison, the prevalence of class 111 obesity among Black and White women =60 years in
the general population is reported to be 14% and 6%, respectively.2* The overall mean BMI
did not change over time in our study population of Black patients (34 kg/m? in both the first
and second half of the surveillance), but increased from 29 to 31 kg/m?2 for White patients,
shifting the average classification from “overweight” to “obese” and possibly increasing the
risk of adverse outcomes such as heart failure readmissions.25A narrowing of racial
disparities in poor cardiovascular health, as assessed by the “Life’s Simple 7” index, has
previously been reported for the general adult population, with a disproportionate temporal
increase in poor physical activity and diet among White Americans compared to other
groups.28 This may be a plausible explanation for the increasing obesity prevalence among
White, but not Black patients hospitalized with HFpEF in the ARIC study Community
Surveillance. Alternatively, it is possible that obesity prevalence has reached a plateau
among Black HFpEF patients, possibly reflecting selective survival and obesity-associated
death prior to hospitalization for ADHF.

Previous investigations have reported an “obesity paradox”, or survival benefit associated
with obesity among HFpEF populations. An early analysis (2001-2004) from the Acute
Decompensated Heart Failure National Registry (ADHERE) reported an inverse, linear
relationship between in-hospital mortality and BMI quartile, with the lowest risk observed in
the highest BMI quartile.2” However, the median BMI in the highest quartile was only 39
kg/m?2, and the mean ejection fraction was 42% (with >40% defined as HFpEF). In the
present study, mortality risk was U-shaped rather than linear and increased with extreme
BMI =40 kg/m2. A U-shaped distribution in long-term mortality risk was also reported by
the VA Palo Alto Healthcare system and the Meta-analysis Global Group in Chronic Heart
Failure (MAGGIC), which analyzed chronic heart failure populations with HFpEF,28:29 as
well the Irbesartan in Heart Failure with Preserved Ejection Fraction (I-PRESERVE) trial.30
Body composition may contribute to the improved survival of patients with HFpEF and mild
obesity, particularly if sarcopenic obesity is more prevalent with a “normal” BMI and lean
muscle mass is greater among those with an “obese” BMI.31:32 Cardiorespiratory fitness
status may also influence outcomes of obesity,33 but preserved fitness is likely uncommon in
patients hospitalized with ADHF. The GWTG registry, which analyzed patients hospitalized
with ADHF, reported a stable or only minimal increase in 30-day and 1-year mortality
hazard ratios as BMI increased from 30 to 45 kg/m? among patients with HFpEF.13 Of note,
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the analysis from the GWTG did not include BMI values exceeding 45 kg/mZ. In the present
study, patients categorized with class 111 obesity (=40 kg/m2) had a median BMI of 46 kg/m?
(25! to 75! percentiles: 43 — 52 kg/m?), and the highest risk of death.

The elevated 1-year mortality risk associated with class 111 obesity may be attributable to
several factors. Patients with obesity had a greater burden of diabetes mellitus, hypertension,
and sleep apnea; cardiometabolic conditions associated with poor prognosis. Obesity is also
likely to exacerbate HFpEF.34 Adipose tissue upregulates aldosterone production, inducing
sodium retention and plasma volume expansion, which contribute to elevated left ventricular
filling pressure, increased pulmonary artery pressures, and right heart failure.23 The
mechanical stress and pericardial restraint imposed by class 111 obesity likely contributes to
diastolic dysfunction as well, by impairing left ventricular relaxation.3® Inflammatory
cytokines released by the adipose tissue may diminish myocardial perfusion, by inducing
endothelial dysfunction and rarefaction of the microvasculature.3® While diastolic
dysfunction, pulmonary hypertension, and right ventricular dilation remained stable from
2005-2014 among Black patients with obesity in the present study, the prevalence increased
significantly for White patients with obesity, possibly reflecting the increase in mean BMI
and class 111 obesity prevalence. Though associated with obesity, a decreasing prevalence of
left ventricular hypertrophy was noted across 2005-2014, both for Black and White patients
with obesity, possibly reflecting better blood pressure control in recent years or the decline
in chronic kidney disease among White patients with obesity over the surveillance period.

Our study findings have important clinical implications. In contrast to HFrEF, neurohumoral
inhibition and other pharmacologic agents have not demonstrated efficacy in patients with
HFpEF, leading to few strongly recommended therapies.’-® Given the limited pharmacologic
options, a phenotype-specific treatment approach has been proposed to manage HFpEF.37
Obesity represents a unique phenotype in HFpEF3® that appears to benefit from intentional
weight loss, either by caloric restriction, structured exercise or bariatric surgery.17:18:38.39 |
a single-center randomized controlled trial of patients with obesity with HFpEF, exercise
capacity and quality of life were reported to improve for patients randomized to a
combination of aerobic exercise training and caloric restriction, compared to patients
randomized to either intervention alone.1” However, the long-term sustainability of weight
loss with improved body composition is questionable.*0 Weight loss induced by bariatric
surgery has also been reported to decrease hospital admissions for ADHF, in a population-
based analysis of records sourced from emergency departments in 3 states.38 While the
majority of prior and ongoing HFpEF clinical trials have focused on drugs aimed directly at
the cardiovascular system, pharmacological treatment of obesity—another potential strategy
for the treatment of obesity in HFpEF—should also be explored further. Our analysis from
the ARIC study community surveillance confirms worse 1-year survival among HFpEF
patients with class 111 obesity who are hospitalized with acute decompensation. Notably, the
mean BMI and annual prevalence of class 111 obesity increased from 2005-2014 among
White patients and remained stable among Black patients, who remained disproportionately
burdened by obesity throughout the study surveillance. In this context, it is noteworthy that
HFpEF randomized controlled trials often exclude patients with a body mass index (BMI)
exceeding upper limits, or require elevated natriuretic peptides levels for inclusion, which
are known to be reduced by obesity.4142 As examples of this, in 4 large trials performed
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over the past decade, the average BMI of patients with HFpEF ranged from 29-31 kg/m2,
likely underrepresenting obese and Black patients with HFpEF.43-46

Our study has some limitations. This was an observational analysis, and data were limited to
availability in the medical record. Temporal changes in diagnostic testing or documentation
may have influenced the reporting of comorbidities or echocardiographic findings over time.
However, obesity was defined by calculating BMI from the weight at discharge, which was
routinely recorded by all hospitals throughout the surveillance period. Although annual
trends in mean BMI and obesity prevalence did not significantly change among Black
patients, the sample size was reduced compared to White patients, possibly limiting the
statistical power. The ARIC Study is also limited to 4 geographic regions, which may limit
the generalizability. Although obesity may increase the risk of HF readmissions,1147 we
were unable to consider longitudinal outcomes other than mortality because the community
surveillance component of the ARIC Study does not track individual patients over time. Our
analysis also has several noteworthy strengths. The ARIC Study provides a large, multiyear
surveillance of 4 diverse US communities, allowing an analysis of contemporary trends
spanning 10 years. Classifications of ADHF were determined by standardized physician
review rather than by natriuretic peptide criteria, an important distinction from HFpEF
clinical trials. Clinical and laboratory values were meticulously collected by certified
abstractors following standardized protocols. ADHF was classified and adjudicated by
physician review of the medical records, and mortality outcomes were verified by the
National Death Index.

In conclusion, the obesity prevalence has steadily increased among White HFpEF patients
hospitalized with ADHF, while remaining stable for Black patients. For both races, the
mortality risk associated with obesity depends strongly upon the magnitude of BMI, with
worse long-term survival among patients with class 111 obesity. This highlights the need to
implement effective interventions for the treatment and prevention of class 111 obesity in
patients with HFpEF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

. Obesity increases with age, is disproportionately prevalent in Black
populations, and is associated with heart failure with preserved ejection
fraction (HFpEF).

. In this 10-year surveillance of older adults hospitalized with HFpEF, mean
BMI, prevalence of obesity, and prevalence of class |11 obesity were stable
over time for Black patients, but steadily increased for White patients.

. Despite the narrowing racial differences, Black patients remained
disproportionately burdened by obesity throughout the surveillance period,
and for both races, class Il obesity was associated with the worst survival.
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Why does this paper matter?

In this 10-year surveillance of hospitalized HFpEF, obesity was stable and
disproportionately high for Black patients, but increased over time for White patients.
Class 111 obesity was associated with poor survival, highlighting the need for its effective
management in older patients with HFpEF.
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B-Type Natriuretic Peptide
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Mean B-type natriuretic peptide levels among Black and White patients hospitalized with
acute decompensated heart failure with preserved ejection fraction. The Atherosclerosis Risk
in Communities Surveillance Study, 2005-2014*

*Footnote: Analysis limited to a subset (N = 7188, 71%) with available B-type natriuretic
peptide abstractions from the hospital record.
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Figure 2:

Temporal trends in mean body mass index, and annual prevalence of class 111 obesity (=40
kg/m2) among Black and White patients hospitalized with acute decompensated heart failure
with preserved ejection fraction. The Atherosclerosis Risk in Communities Surveillance
Study, 2005-2014.
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Figure 3:

Absolute risk and adjusted* hazard ratios of 1-year all-cause mortality associated with
various body mass index categories among patients hospitalized with acute decompensated
heart failure with preserved ejection fraction. The Atherosclerosis Risk in Communities
Surveillance Study, 2005-2014.

*Footnote: Mortality models adjusted for age, race, sex, year of admission, geographic
location (Forsyth County NC, Jackson, MS, Minneapolis, MN, Washington County, MD),
length of stay, current smoking, chronic obstructive pulmonary disease, hypertension, atrial
fibrillation, coronary artery disease, and diabetes mellitus. Abbreviations: BMI = body mass
index measured in kg/m?2.
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Demographics and clinical characteristics of patients hospitalized with acute decompensated heart failure with
preserved ejection fraction, stratified by obesity. The Atherosclerosis Risk in Communities Surveillance Study,

2005-2014

Obese N =5427 Non-Obese N =4720  P-value
Demographics
Age (years) 73+10 80+11 <0.0001
Female 3130 (66%) 3336 (61%) 0.03
Black 1502 (32%) 1182 (22%) <0.0001
Health Insurance 4618 (98%) 5275 (97%) 0.3
Non-Cardiovascular
Body mass index (kg/m?) 39+9 24+4
Current smoking 537 (11%) 589 (11%) 0.7
Diabetes mellitus 2938 (62%) 1869 (34%) <0.0001
Chronic kidney disease * 2235 (66%) 2571 (63%) 03
Chronic bronchitis / COPD 1919 (41%) 1835 (34%) 0.002
Sleep apnea 1272 (27%) 269 (5%) <0.0001
Anemia’ 2517 (54%) 2770 (51%) 04
Thyroid disease 986 (21%) 1316 (24%) 0.1
Depression 1115 (24%) 966 (18%) 0.003
Cardiovascular
Myocardial infarction 818 (17%) 986 (18%) 0.7
Coronary artery disease 2152 (46%) 2585 (48%) 0.4
Peripheral artery disease 518 (11%) 546 (10%) 0.5
Hypertension 4488 (95%) 5017 (92%) 0.02
Atrial fibrillation 1736 (37%) 2133 (39%) 0.3
Stroke / TIA 890 (19%) 1077 (20%) 0.6
Hospital Visit
Length of stay (days) 81+14 8.7+15 0.2

Values expressed as number (percentage) or mean + standard deviation

Abbreviations: COPD = chronic obstructive pulmonary disease, TIA = transient ischemic attack

Chronic kidney disease defined by receipt of hemodialysis or an estimated glomerular filtration rate <45 mL/min/1.73m2 in patients with
available serum creatinine assessments (2654 missing, no creatinine abstractions performed in 2014).

fAnemia defined by a hemoglobin value <11 g/dL in patients with available laboratory values (74 missing)
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Demographics and clinical characteristics of patients with obesity who were hospitalized with acute
decompensated heart failure with preserved ejection fraction, stratified by race. The Atherosclerosis Risk in
Communities Study, 2005-2014.

Characteristic Black, Obese White, Obese Black vs. White
2004-2009  2010-2014 pgue™ 2004-2009  2010-2014  pygiue®  Pvaluet P valuet
N=497 N=1005 Trend N=1005 N=2213 Trend Aggregate  Trends
Demographics
Age (years) 69 +9 70+9 0.4 75+9 74 +10 0.7 <0.0001 0.7
Female 346 (70%) 727 (72%)  <0.0001 621 (62%) 1435 (65%)  0.003 0.006 05
Health insurance 484 (98%) 975 (97%) 0.06 970 (96%) 2189 (99%)  0.01 0.1 03
Medical History
Body mass index 41+9 41+10 0.5 377 39+8 0.06 <0.0001 0.2
Class I11 obesity 232 (47%) 399 (40%) 0.2 278 (28%) 677 (31%) 04 <0.0001 0.1
Current smoking 66 (13%) 144 (14%) 0.2 130 (13%) 197 (9%) 0.009 0.06 0.009
Hypertension 474 (95%) 941 (94%) 0.8 913 (91%) 1972 (89%) 0.2 0.002 0.5
Diabetes mellitus 358 (72%) 691 (69%) 0.08 550 (55%) 1339 (61%) 0.9 0.003 0.2
Chronic kidney disease$ 307 (62%) 350 (61%) 0.6 723 (72%) 856 (64%) 0.1 0.07 0.04
Coronary artery disease 214 (43%) 427 (43%) 0.4 488 (49%) 1023 (46%) 0.3 0.2 0.9
Atrial fibrillation 92 (19%) 240 (24%) 0.01 396 (39%) 1008 (46%) 0.2 <0.0001 0.1
Stroke / TIA 65 (13%) 173 (17%) 0.2 233 (23%) 419 (19%) 0.04 0.07 0.03
Chronic bronchitis/ COPD 155 (31%) 424 (42%) 0.06 364 (36%) 976 (44%) 0.1 0.3 0.5
Sleep apnea 92 (18%)  334(33%)  0.003 169 (17%) 677 (31%)  0.0002 0.5 0.6
Thyroid disease 62 (13%) 127 (13%) 1.0 198 (20%) 599 (27%) 0.04 <0.0001 03
Depression 35(7%) 170 (17%)  0.003 190 (19%) 720(33%)  0.001 <0.0001 0.4
Echocardiography
Left ventricular hypertrophy 233 (47%) 336 (33%) 0.004 332(33%) 536 (24%) 0.02 0.0002 0.6
Diastolic dysfunction 156 (31%) 315 (31%) 0.6 224 (22%) 661 (30%)  0.0004 0.2 0.01
Right ventricular dilation 96 (19%) 224 (22%) 0.3 164 (16%) 617 (28%)  0.007 0.3 0.4
Pulmonary hypertension 144 (29%) 311 (31%) 0.5 336 (33%) 957 (43%) 0.003 0.001 0.4
Hospital Visit
Length of stay (days) 86+9 75+7 0.2 717 8.6 +20 0.8 0.9 0.5

Values expressed as number (percentage) or mean + standard deviation

Abbreviations: COPD = chronic obstructive pulmonary disease, TIA = transient ischemic attack

*

Pvalues for temporal increase or decrease in annual prevalence (2005-2014) assessed by logistic regression, regressing on year of admission and
using the Cochran-Armitage test for trend. P-values for temporal (2005-2014) increase or decrease in annual mean values assessed by linear
regression, regressing on year of admission

vaaIues for aggregate comparisons between Black vs. White patients analyzed by aggregating data across 2005-2014, with mean values tested by

least square means from linear regression, and prevalence values tested by Rao-Scott X2 tests.
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inaIues comparing differences in temporal comorbidity or demographic trends between Black vs. White patients assessed by the linear or logistic
regression, regressing on race and year of admission and testing the multiplicative interaction of race by year of admission

§Chronic kidney disease defined by receipt of hemodialysis or an estimated glomerular filtration rate <45 mL/min/1.73m2 in patients with
available serum creatinine assessments (1311 missing, no creatinine abstractions performed in 2014)
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