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Highest Obesity Category Associated
With Largest Decrease in N-Terminal
Pro-B-Type Natriuretic Peptide in Patients
Hospitalized With Heart Failure With
Preserved Ejection Fraction

Joban Vaishnav, MD; Jessica E. Chasler, PharmD, MPH; Yizhen J. Lee, MD; Chiadi E. Ndumele, MD, PhD;
Jiun-Ruey Hu, MD, MPH; Steven P. Schulman, MD; Stuart D. Russell, MD; Kavita Sharma “*/, MD

BACKGROUND: Heart failure with preserved ejection fraction (HFpEF) constitutes half of hospitalized heart failure cases and is
commonly associated with obesity. The role of natriuretic peptide levels in hospitalized obese patients with HFpEF, however,
is not well defined. We sought to evaluate change in NT-proBNP (N-terminal pro-B-type natriuretic peptide) levels by obesity
category and related clinical outcomes in patients with HFpEF hospitalized for acute heart failure.

METHODS AND RESULTS: A total of 89 patients with HFpEF hospitalized with acute decompensated heart failure were stratified
into 3 obesity categories: nonobese (body mass index [BMI] <30.0 kg/m?, 19%), obese (BMI 30.0-39.9 kg/m?, 29%), and
severely obese (BMI >40.0 kg/m?, 52%), and compared for percent change in NT-proBNP during hospitalization and clini-
cal outcomes. Clinical characteristics were compared between patients with normal NT-proBNP (<125 pg/mL) and elevated
NT-proBNP. Admission NT-proBNP was inversely related to BMI category (nonobese, 2607 pg/mL [interquartile range, 1QR:
2112-5708]; obese, 1725 pg/mL [IQR: 889-3900]; and severely obese, 770.5 pg/mL [IQR: 128-1268]; P<0.01). Severely obese
patients had the largest percent change in NT-proBNP with diuresis (-64.8% [95% CI, —85.4 to —38.9] versus obese —40.4%
[95% Cl, —74.3 to —12.0] versus nonobese —46.9% [95% CI, —=57.8 to —37.4]; P=0.03). Nonobese and obese patients had sig-
nificantly worse 1-year survival compared with severely obese patients (63% versus 76% versus 95%, respectively; P<0.01).
Patients with normal NT-proBNP (13%) were younger, with higher BMI, less atrial fibrillation, and less structural heart disease
than those with elevated NT-proBNP.

CONCLUSIONS: In hospitalized patients with HFpEF, NT-proBNP was inversely related to BMI with the largest decrease in NT-
proBNP seen in the highest obesity category. These findings have implications for the role of NT-proBNP in the diagnosis and
assessment of treatment response in obese patients with HFpEF.
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(HF) with preserved ejection fraction (HFpEF) are compared to patients with HFrEF, highlighting the
increasing relative to HF with reduced ejection major need for defining successful management strat-
fraction (HFrEF) and presently constitute approximately egies and therapeutic targets.'"® Natriuretic peptides
half of all HF hospitalizations.! Following hospitalization, (NPs), including brain natriuretic peptide (BNP) and

Hospitalizations for patients who have heart failure patients with HFpEF have similar adverse outcomes
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Change in NT-proBNP in Obese Hospitalized HFpEF

CLINICAL PERSPECTIVE
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hat Is New?

This is the first study of change in NT-proBNP
(N-terminal pro-B-type natriuretic peptide) dur-
ing hospitalization for acute heart failure (HF) in
an obese heart failure with preserved ejection
fraction (HFpEF) cohort.

We found that the largest percent change in
NT-proBNP with decongestion occurred in the
highest obesity category, and that after adjust-
ment for clinically relevant variables, there re-
mained a large change in NT-proBNP during
hospitalization across all obesity categories.
Thirteen percent of HFpEF patients presenting
with acute HF had a normal NT-proBNP and an
overall similar presentation to those with an el-
evated NT-proBNP.

hat Are the Clinical Implications?
The diagnosis and treatment of acute HF in
obese HFpEF patients can be challenging due
to the presence of multiple co-morbidities and
challenging physical examination.

Our findings show that HFpEF patients hospital-
ized with acute HF, across all body mass index
categories and irrespective of admission NT-
proBNP, had a decline in NT-proBNP with treat-
ment for acute HF, and that NT-proBNP may have
clinical utility in both diagnosis and assessment of
decongestion in an obese HFpEF population.
With a more in-depth understanding of natriu-
retic peptide levels in obese HFpEF, a body mass
index-calibrated natriuretic peptide scale is likely
warranted for the diagnosis and management of
acute HF in obese HFpEF.

Nonstandard Abbreviations and Acronyms

6MWT 6-minute walk test

ACC/AHA/HFSA American College of Cardiology/
American Heart Association/
Heart Failure Society of America

BMI body mass index

BNP brain natriuretic peptide

COACH Coordinating Study Evaluating
Outcomes of Advising and
Counseling in Heart Failure

EF gjection fraction

HF heart failure

HFpEF heart failure with preserved
ejection fraction

HFrEF heart failure with reduced

ejection fraction
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I-PRESERVE Irbesartan in Heart Failure With
Preserved Ejection Fraction
IQR interquartile range

NP natriuretic peptide

NT-proBNP N-terminal pro-B-type
natriuretic peptide
ROPA-DOP Randomized Evaluation of

Heart Failure With Preserved
Ejection Fraction Patients With
Acute Heart Failure and
Dopamine

NT-proBNP (N-terminal pro-B-type NP), have been
shown to be independently associated with morbidity
and mortality in HF.4=6 The latest American College of
Cardiology/American Heart Association/Heart Failure
Society of America (ACC/AHA/HFSA) Guidelines for
the Management of Heart Failure recommend check-
ing NP levels for diagnostic evaluation of acute HF and
for post-hospital discharge prognostication of patients
with chronic HF.” However, the role of NP levels in the
evaluation of acute decompensated HFpEF is less well
understood.

Complicating the interpretation of NP levels in
HFpEF is the fact that obesity is increasingly prevalent
as a comorbidity and risk factor in this population and
the inverse relationship between obesity and NP levels
is well established.®"° Furthermore, although obesity
increases the risk for development of HF, it is associ-
ated with a protective effect on clinical outcomes in
established HF, a phenomenon termed the obesity
paradox.!" Although few studies have reported on BNP
or NT-proBNP levels in HFpEF patients with acute
HF'?7'% to our knowledge no study to date has re-
ported the change in NP levels in HFpEF patients hos-
pitalized with acute HF, and in particular, the change in
NP levels according to body mass index (BMI). In this
study, we sought to evaluate the percent change in
NT-proBNP from admission to discharge and clinical
outcomes by obesity category in patients with HFpEF
hospitalized with acute HF. We further compared clin-
ical characteristics and outcomes of patients with
HFpEF who had normal admission NT-proBNP levels
(<125 pg/mL) to patients with elevated admission NT-
proBNP levels.

METHODS

The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request. We analyzed data from the ROPA-
DOP (Randomized Evaluation of Heart Failure With
Preserved Ejection Fraction Patients With Acute Heart
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Failure and Dopamine) trial.'® The ROPA-DOP trial
design and methodology have been previously de-
scribed.'”® The ROPA-DOP trial was a single-center,
randomized, single-blinded inpatient treatment study
of patients with HFpEF hospitalized with acute HF
(n=90) comparing intravenous diuretic strategies with
and without the addition of low-dose dopamine. The
diagnosis of acute HF was based on the presence of
at least 1 symptom (dyspnea, orthopnea, or edema)
and 1 sign of HF (rales, jugular venous distension, pos-
itive hepatojugular reflux, peripheral edema, ascites, or
pulmonary vascular congestion on chest radiography).
Patients were included if they had an established left
ventricular ejection fraction >50% within 12 months of
admission without an interval change to suggest a de-
cline in cardiac function. Patients with a systolic blood
pressure <90 mm Hg, estimated glomerular filtration
rate (as determined by the Chronic Kidney Disease
Epidemiology Collaboration threshold) <15 mL/min
per 1.73 m?, recent acute coronary syndrome, or other
primary cause of their cardiomyopathy (myocarditis,
hypertrophic cardiomyopathy, severe valvular disease,
infiltrative cardiomyopathy, congenital heart disease,
constrictive cardiomyopathy), and those with severe
pulmonary hypertension were excluded.” All partici-
pants provided informed consent, and the study was
approved by the Johns Hopkins INSTITUTIONAL
REVIEW BOARD.

Participants underwent baseline assessment
within 24 hours of admission to the hospital at the
time of enrollment into the clinical trial. Baseline
assessments included history and physical exam-
ination, laboratory testing including NT-proBNP,
6-minute walk test (6BMWT), and global assessment
of symptoms and dyspnea using a visual analog
scale. NT-proBNP collected from baseline assess-
ment (referred to as admission NT-proBNP) and
from within 12 hours of hospital discharge (referred
to as discharge NT-proBNP) were used for this
study. BMI was calculated using height and weight
measured at hospital admission and before the start
of any diuretic treatment. Worsening renal function
was defined as a rise in serum creatinine >0.3 mg/
dL at 72 hours.

Participants were stratified into 3 obesity cate-
gories based on BMI: nonobese: BMI <30.0 kg/m?;
obese (inclusive of class | and Il obesity): BMI 30.0
to 39.9 kg/m?; and severely obese (inclusive of class
Il obesity): BMI 240.0 kg/m?. The obesity categories
were defined based on the traditional World Health
Organization definitions of obesity because of the
high prevalence of severe obesity in our cohort.'®
The primary end point was the percent change in
the absolute value of NT-proBNP from admission to
discharge in each obesity class. Analyses of the pri-
mary outcome were performed in participants with
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complete NT-proBNP data on admission and dis-
charge. Secondary end points included changes in
other markers of decongestion (change in weight,
net volume of diuresis, and 6MWT from admis-
sion to discharge), and clinical outcomes includ-
ing development of worsening renal function at
72 hours, hospital length of stay, 30-day all-cause
readmission, and 1-year survival within each obe-
sity category. A Kaplan—Meier survival analysis was
performed to evaluate all-cause mortality by obesity
category.

The lowest level of detection for NT-proBNP at our
institutional laboratory is 20 pg/mL. Since the primary
focus of this analysis was to examine trends in NT-
proBNP, 3 patients with undetectable NT-proBNP lev-
els on admission were not included in the analysis for
percent change from admission to discharge. These
patients are included in the reporting of the median
admission and discharge NT-proBNP levels. One pa-
tient developed septic shock necessitating upgrade
to a higher level of care and significant fluid resusci-
tation, therefore this patient was excluded from the
analyses.

Baseline characteristics were compared between
obesity categories using chi-square test for categor-
ical variables and Kruskal-Wallis test for continuous
variables. Absolute admission and discharge NT-
proBNP levels between the 3 obesity groups were
compared by Kruskal-Wallis test. NT-proBNP was
log-transformed to aid in the visual comparison of
change from admission to discharge and between
the BMI categories for Figure 1. Univariate linear re-
gression analyses with clinical characteristics known
to be associated with NT-proBNP level, including
age, sex, history of hypertension, diabetes mellitus,
atrial fibrillation, and estimated glomerular filtration
rate, were performed. A multivariable linear regres-
sion model that included obesity class and covariates
found to be significantly associated with the primary
outcome in univariate analyses was then constructed.
Absolute measurements (non—log-transformed) of NT-
proBNP were used in all regression models incorpo-
rating NT-proBNP as an outcome or variable and in
calculations of percent change in NT-proBNP. In all
regression models, obesity category was treated as
a factor variable, as the relationship between different
obesity groups and any outcome was not assumed to
be proportional.

The associations between obesity category and
characteristics including age, estimated glomerular
filtration rate, atrial fibrillation, admission NT-proBNP,
6MWT distance, and hospital length of stay with
mortality were first explored using univariate logis-
tic regression. The 6MWT completed closest to
discharge was used for each patient. Multivariable
logistic regression analysis was performed including
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(N=17) (N=26) (N=46) P-value
Admission NT-proBNP, pg/mL  2607.0 (2112.0, 5703.0) 1725.0 (889.0, 3900.0) 670.5(128.0, 1268.0)  <0.001
Discharge NT-proBNP, pg/mL  1775.0 (1115.0, 3576.0) 1022.0 (379.0, 3027.0)  160.0 (41.0, 470.0) <0.001

Figure 1.
hospitalized with acute heart failure.

Change in NT-proBNP (N-terminal pro-B-type natriuretic peptide) by obesity category in HFpEF patients

Box plot of log NT-proBNP on admission and discharge and table of absolute median values (interquartile range) by different obesity

categories. BMI indicates body mass index.

all covariates from the univariate analyses with a
threshold P value <0.05.

A further exploratory analysis was performed to char-
acterize participants with a normal admission NT-proBNP,
defined as <125 pg/mL,'® compared with those with an
elevated admission NT-proBNP (125 pg/mL). Baseline
characteristics, including demographics, echocardio-
graphic parameters, and clinical outcomes, including hos-
pital course, functional outcomes, and rehospitalization,
were compared between these 2 groups. Categorical
outcomes were compared with the chi-square test, while
continuous outcome variables were compared using ei-
ther a Student t test or Wilcoxon rank sum test, as ap-
propriate, based on data distribution. All analyses were
performed using Stata 15.0 (StataCorp LLC).

RESULTS

Of the 90 patients enrolled in the ROPA-DOP trial be-
tween October 2013 and December 2016, 88 (98%)
and 71 (79%) patients had complete NT-proBNP data
at admission and discharge, respectively. The baseline
characteristics of the entire cohort have been previ-
ously described.’® The mean age of the study cohort
was 66+13 years, 68% were women, and 62% were
black. The mean BMI was 40.8+12.9 kg/m? and median
admission NT-proBNP was 1257 pg/mL (interquartile
range [IQR)], 367-2656).
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Baseline Characteristics by Obesity
Category

Over half of the cohort (52%) were classified as severely
obese (BMI =40 kg/m?), 39% as obese (BMI 30.0-
39.9 kg/m?), and 19% as nonobese (BMI <30.0 kg/m?).
The baseline characteristics by obesity category are
shown in Table 1. Severely obese participants were
significantly younger than obese and nonobese par-
ticipants (severely obese mean age 61+12 years ver-
sus obese 70«11 years versus nonobese 73+14 years,
P<0.001), with a higher burden of atrial fibrillation in the
nonobese participants (59%) compared with the obese
(31%) and severely obese (28%, P=0.068) participants,
although this was not statistically significant. Sodium
was significantly lower in nonobese participants com-
pared with obese and severely obese participants.
In comparing echocardiographic characteristics, left
ventricular mass index was higher in nonobese (me-
dian left ventricular mass index 110.0 g/m? [IQR, 96.4—
130.1]) versus obese 96.4 g/m? [IQR, 88.3-139.2]) and
severely obese patients 85.2 g/m? [IQR, 69.8-102.3];
P=0.029).

Change in NT-proBNP by Obesity
Category During Hospitalization

Admission NT-proBNP was elevated across all obe-
sity categories, with an inverse relationship between
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Table 1. Baseline Characteristics by Obesity Category in a Hospitalized HFpEF Cohort
Obesity Category
Nonobese (BMI <30 kg/ Obese (BMI 30-39.9 kg/ Severely Obese (BMI
m?), n=17 m2), n=26 >40 kg/m?), n=46 P Value

Age, y 73+14 70+11 61+£12 <0.001
Men, No. (%) 7 (41) 11 (42) 10 (22) 0.120
Black, No. (%) 11 (65) 13 (50) 31 (67) 0.390
Hypertension, No. (%) 16 (94) 25 (96) 43 (93) 0.890
Diabetes mellitus, No. (%) 7 (41) 16 (62) 29 (63) 0.270
History of atrial fibrillation, No. (%) 10 (59) 8 (31) 13 (28) 0.068
History of CAD, No. (%) 6 (35) 9 (35) 12 (26) 0.660
SBP at enroliment, mm Hg 122 (107-138) 130 (113-160) 136 (121-152) 0.180
Clinical signs/symptoms

Edema, No. (%) 16 (94) 24 (92) 44 (96) 0.840

Orthopnea, No. (%) 9 (63) 18 (69) 34 (74) 0.280

Jugular venous distension, No. (%) 16 (94) 25 (96) 44 (96) 0.950

Rales, No. (%) 12 (71) 20 (77) 27 (59) 0.270

Outpatient median furosemide 40.0 (20.0-320.0) 80.0 (80.0-160.0) 180.0 (40.0-400.0) 0.260

dose equivalent, mg/d

Sodium, mmol/L 139 (136-140) 142 (139-143) 140 (139-142) 0.023

Blood urea nitrogen, mmol/L 24 (15-34) 23 (17-33) 20 (14-38) 0.780

Creatinine, mg/dL 1.5 (0.8-1.8) 1.4 (11-1.9) 1.1 (0.8-1.5) 0.088

eGFR, mL/min per 1.73 m? 47.5 (34.0-79.0) 44.8 (39.1-65.0) 70.2 (42.1-92.9) 0.060

Plasma cystatin C, mg/L 1.7 (1.1-2.1) 1.6 (1.4-1.9) 1.3 (1.1-2.0) 0.530
Echocardiographic parameters

LVEF, % 61.5 (7.0) 60.2 (10.1) 63.8 (6.8) 0.170

LV end-diastolic diameter, cm 4.5 (0.8) 4.8 (0.9) 4.8 (0.5) 0.320

IVS diastolic thickness, cm 1.2 (0.3 1.4 (0.9) 1.3(0.3) 0.280

LVPW diastolic thickness, cm 1.2 (0.3 1.2 (0.2 11(0.2) 0.650

LV mass index, g/m? 110.0 (96.4-130.1) 96.4 (88.3-139.2) 85.2 (69.8-102.3) 0.029

LA diameter, cm 4.3(0.8) 45(11) 4.0(0.8) 0.096

E/A 1.4 (1.0-1.8) 1.2 (0.9-1.9) 1.2 (0.9-1.4) 0.540

E/e’ (average) 20.9 (14.0) 18.5(9.7) 16.1 (5.8) 0.230

Tricuspid regurgitant peak 314.6 (52.3) 272.6 (89.9) 278.6 (44.6) 0.130

velocity, cm/s

RVSP, mmHg 54.4 (15.2) 45.8 (15.2) 45.0 (12.9) 0.110

Values are expressed as mean+SD or median (interquartile range) unless otherwise indicated. BMI indicates body mass index; CAD, coronary artery disease;
eGFR, estimated glomerular filtration rate; HFpEF, heart failure with preserved ejection fraction; IVS, intraventricular septum; LA, left atrium, LV, left ventricle;
LVEF, left ventricular ejection fraction; LVPW, left ventricular posterior wall; RVSP, right ventricular systolic pressure; and SBP, systolic blood pressure.

NT-proBNP and BMI (nonobese: median NT-proBNP
2607 pg/mL [IQR, 2112-5703]; obese: 1725 pg/mL
[IQR, 889-3900]; and severely obese: 670.5 pg/mL
[IQR, 128-1268]; P<0.001, Figure 1). All obesity cat-
egories demonstrated a decrease in NT-proBNP
from admission to discharge, with discharge NT-
proBNP levels also inversely related to BMI (P<0.001,
Figure 1). There was a significant difference in percent
change in NT-proBNP across all obesity categories
with severely obese participants having the largest
percent change in NT-proBNP from admission to dis-
charge (severely obese, —64.8% [95% CI, -85.4 to
—38.9]; obese, —40.4% [95% Cl, -74.3 to —12.0]; and
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nonobese, —46.9% [95% CI, —57.8 to —37.4]; P=0.025,
Table 2). Univariate and multivariable linear regression
analysis showed no significant difference in percent
change NT-proBNP in obese or severely obese cat-
egories compared with nonobese after adjustment for
age and estimated glomerular filtration rate (Table S1).
There was no significant association between percent
change in NT-proBNP and odds of 30-day rehospi-
talization, 1-year mortality, or changes in markers of
functional status including change in 6MWT, area
under the curve of global well-being score, or change
in dyspnea score from admission to discharge across
obesity categories.
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Table 2. Changes in Markers of Decongestion From Admission to Discharge and Clinical Outcomes by Obesity Category in

Hospitalized HFpEF

Change in NT-proBNP in Obese Hospitalized HFpEF

Obesity Category
Nonobese Obese Severely Obese P Value

Markers of decongestion

Percent change in absolute —-46.9 (-57.8 to -37.4) -40.4 (-74.3 to —12.0) -64.8 (-85.4 to -38.9) 0.025

NT-proBNP from admission to

discharge

Weight change at discharge, kg -5.3 (-7.0 to -2.6) -3.2(-6.6t0 -1.5) -2.8(-7.31t0 -1.0) 0.310

Net diuresis at discharge, mL -7140.0 (-8653.0 to —3155.0) | -5418.0 (-8397.0 to —2522.0) -6392.0(-10,662.0 to -3928.0) 0.490

BMWT at discharge, m 54.7 (29.3 to 142.6) 121.9 (50.0 to 205.7) 80.8 (30.5 to 166.7) 0.750
Clinical outcomes

Development of WRF at 72 h 2(12) 7(27) 10 (22) 0.490

Hospital length of stay, d 7 (5-8) 7 (6-10) 7 (4-10) 0.840

All-cause 30-d readmission, 5(29) 4 (16) 13 (28) 0.470

No. (%)

1-y Survival, No. (%) 10 (63) 19 (76) 42 (95) 0.005

Values are expressed as median (interquartile range) unless otherwise indicated. BMWT indicates 6-minute walk test; NT-proBNP, N-terminal pro-B-type

natriuretic peptide; and WRF, worsening renal function.

Hospital Course and Clinical Outcomes
by Obesity Category

There were no differences in other markers of
decongestion from admission to discharge or
in clinical outcomes including worsening renal
function at 72 hours, hospital length of stay, or

30-day readmission rates across obesity categories
(Table 2). Nonobese and obese patients had signifi-
cantly worse survival at 1 year compared with se-
verely obese patients (63% versus 76% versus 95%,
respectively; P=0.005) (Table 2). Cumulative survival
probability at 18 months was also significantly dif-
ferent between the obesity categories (P=0.002,

o
—
© ’ L
g - o —— BMI 2 40 kg/m? |
a 2. h
S o BMI 30-39 kg/m?
2
I_—a 8 ) BMI < 30 kg/m?
2 o
o Log-rank test p-value = 0.002
s 8
£ o
<9
=
E 8-
0O o T T T T T T
0 3 9 12 15 18
Months
Obesity Category Number at Risk
BMI < 30 kg/m? 16 15 10 9 9 3 2
BMI 30-39 kg/m? 25 22 22 20 16 7 4
BMI = 40 kg/m?2 43 42 41 41 37 19 13

Figure 2. Kaplan-Meier survival curves of hospitalized HFpEF by body mass index (BMI) category.
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Table 3. Unadjusted and Adjusted Odds of Mortality by Obesity Category

Change in NT-proBNP in Obese Hospitalized HFpEF

Univariate Logistic Regression Multivariable Logistic Regression
Crude OR 95% ClI P Value Adjusted OR 95% ClI P Value

BMI Category, kg/m?

Severely obese (=40) Reference Reference Reference Reference Reference Reference

Obese (30-39.9) 6.63 1.22-35.9 0.028 7.75 1.20-50.2 0.032

Nonobese (<30) 12.6 2.2-719 0.004 1.8 1.71-81.2 0.012

Age, per 10y 1.84 1.11-38.06 0.019 1.08 0.61-1.91 0.790

BMWT, per 10 m 0.84 0.73-0.96 0.012 0.83 0.71-0.97 0.018

Hospital length of 0.97 0.85-1.10 0.588

stay, per d

eGFR at 0.99 0.81-1.21 0.919

presentation, per

10 mL/min

Atrial fibrillation 2.58 0.78-8.53 0.121

Absolute NT-proBNP 1.01 0.99-1.03 0.058

on admission, per

100 pg/mL

Note: Model including variables with P<0.05 performed significantly better than P value thresholds of 0.1 or 0.2 (P value for likelihood ratio test was 0.73
including variables with P<0.2 compared with final model and P value for likelihood ratio test was 0.43 for model including variables with P<0.1 compared with
the final model). BMWT indicates 6-minute walk test; BMI, body mass index; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type

natriuretic peptide; and OR, odds ratio.

Figure 2). In multivariable logistic regression analysis,
there remained a significantly higher risk of mortality
for both nonobese and obese patients compared
with severely obese patients after adjusting for age
and 6MWT distance (nonobese odds ratio, 11.8;
95% Cl, 1.71-81.2 [P=0.012] and obese odds ratio,
7.75; 95% Cl, 1.20-50.2 [P=0.032]) (Table 3).

Normal Versus Elevated Admission
NT-proBNP in Hospitalized HFpEF

Normal NT-proBNP (<125 pg/mL) was seen in 12
(13%) of our participants on admission. Participants
with normal NT-proBNP were significantly younger,
more obese, less likely to have atrial fibrillation, and
taking a higher average outpatient diuretic dose com-
pared with those who had an elevated NT-proBNP;
however, no differences were seen in clinical pres-
entation compared with those who had elevated
NT-proBNP (Table 4). Participants with an elevated
admission NT-proBNP had significantly worse car-
diac remodeling and diastolic dysfunction by echo-
cardiography, including greater left ventricular mass
index, increased left ventricular posterior wall thick-
ness, larger left atrial diameter, higher E/e’, and higher
E/A (Table 4). Patients with normal NT-proBNP had
improved 6MWT distance at discharge compared
to those with elevated NT-proBNP; however, there
were no differences in clinical outcomes between
the groups including net volume of diuresis, weight
change from admission to discharge, 30-day read-
missoin, or survival at 1 year (Table 4).
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DISCUSSION

Morbidity and mortality following hospitalization for
acute decompensated HFpEF has been shown to be
comparable to HFrEF in population-based studies;
however, the diagnostic and prognostic significance
of NP levels are less well understood in HFpEF.?°
Even less well understood is the role of NPs in an
increasingly obese HFpEF population seen in real-
world clinical practice today. Furthermore, patients
with HFpEF who have normal BNP or NT-proBNP
levels are often excluded from clinical trial enroll-
ment, yet may present with signs and symptoms of
HF no different from their counterparts with elevated
NP levels.

In a morbidly obese HFpEF cohort hospitalized with
acute HF, we found NT-proBNP on admission to be
inversely associated with BMI, though elevated across
all obesity categories. The largest percent decrease
in NT-proBNP was seen in the highest obesity cate-
gory with treatment for acute HF. After adjustment for
relevant clinical variables, there was no significant dif-
ference in percent change NT-proBNP across all obe-
sity categories. Nonobese and obese participants had
significantly worse 1-year survival compared with se-
verely obese participants, which has previously been
described in HFpEF.?" Patients with HFpEF who had a
normal NT-proBNP in our study had a similar burden of
HF, response to diuretic therapy, and clinical outcomes
compared with those who had an elevated NT-proBNP.
To our knowledge, this is the first study to examine
NT-proBNP as it corresponds to clinical course in an
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Table 4. Clinical Characteristics and Echocardiographic Parameters of Hospitalized Patients With HFpEF Who Had Normal

Change in NT-proBNP in Obese Hospitalized HFpEF

Admission NT-proBNP Level (<125 pg/mL) vs Elevated NT-proBNP Level

NT-proBNP
<125 pg/mL (n=12) >125 pg/mL (n=77) P Value

Age, mean (SD), y 53.9 (8.3) 67.9 (12.5) <0.001
BMI, mean (SD), kg/m? 50.0 (9.9) 39.1 (12.7) 0.006
Women, No. (%) 10 (83) 51 (66) 0.240
Black , No. (%) 24 (56) 46 (60) 0.580
Hypertension, No. (%) 10 (83 74 (96) 0.074
Diabetes mellitus, No. (%) 23 (63) 29 (63) 0.210
History of atrial fibrillation, No. (%) 0(0) 31 (40) 0.006
NYHA functional class, No. (%) 0.200

I 3 (25) 11 (14)

i 9(75) 51(55)

Y 0(0) 15 (19)
Edema, No. (%) 12 (100) 72 (94) 0.360
Orthopnea, No. (%) 10 (83) 51 (66) 0.240
Jugular venous distension, No. (%) 11(92) 74 (96) 0.490
Rales, No. (%) 8 (67) 51 (66) 0.980
Outpatient median furosemide equivalent 400.0 (260.0-400.0) 80.0 (40.0-200.0) 0.030
dose, mg/d
Echocardiographic parameters

LVEF, % 65 (60.0-67.5) 65 (565.0-65.0) 0.430

E/E 11.9 (10.0-13.2) 17.5 (11.9-22.0) 0.005

E/A 11(0.8-1.2) 1.2(0.9-1.9) 0.037

LV mass index, g/m? 73.6 (65.9-85.3) 98.3 (81.7-126.0) 0.002

IVS diastolic thickness, cm 11 (0.9-1.9) 1.2 (1.1-1.6) 0.061

LVPW diastolic thickness 1.0(0.8-1.2) 1.2 (11-1.3) 0.008

LA diameter, cm 4.3 (8.1-3.8) 4.4 (3.8-4.9) <0.001

RVSP, mm Hg 35 (32.5-40.9) 48 (39.0-58.0) 0.073
Markers of decongestion

Net fluid loss, mL -5127 (-6485.5 to 2434.5) -6804 (-9729.0 to -3377.0) 0.088

Change in weight, kg -2.0(-4.21t0 -1.0) -3.9 (-7.31t0 -1.5) 0.100

BMWT at discharge 169.3 (122.0 to 260.0) 79 (26.8 to 152.4) 0.040
Clinical course

Development of WRF at 72 h, No. (%) 2(17) 17 (22) 0.670

Hospital length of stay 6.5 (8.5-7.0) 7.0 (6.0-10.0) 0.240

30-d Readmission, No. (%) 3 (25) 19 (25) 1.000

1-y Survival, No. (%) 12 (100) 59 (81) 0.090

Values are median (interquartile range) unless otherwise indicated. BMWT indicates 6-minute walk test; BMI, body mass index; IVS, interventricular septum;
LA, left atrium; LV, left ventricular; LVEF, left ventricular ejection fraction; LVPW, left ventricular posterior wall; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; NYHA, New York Heart Association; RVSP, right ventricular systolic pressure; and WRF, worsening renal function.

obese, hospitalized HFpEF cohort marked by a high
burden of comorbidities.

NPs in Obese Patients With HFpEF

It is established that NP levels are generally lower in
patients with HFpEF compared with HFrEF and may
have decreased sensitivity in the diagnosis of HF.?223
Despite this, BNP and NT-proBNP still have prognostic
value in HFpEF.?#2% In a sub hoc analysis from COACH
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(Coordinating Study Evaluating Outcomes of Advising
and Counseling in Heart Failure), baseline BNP levels
were followed in patients with HFrEF and HFpEF. The
average BNP was significantly lower in patients with
an ejection fraction >50%; however, BNP remained a
strong predictor of outcomes.?® Obesity is a prominent
comorbidity in HFpEF and has been increasingly rec-
ognized as a distinct HFpEF phenotype, associated
with high morbidity and adverse outcomes.® The clini-
cal diagnosis of acute HF in obese patients with HFpEF
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can be challenging given the overlapping symptoms on
presentation related to multiple comorbid conditions.
Furthermore, volume assessment on presentation and
throughout the treatment course in hospitalized obese
patients with HFpEF is often challenging. Although the
inverse relationship between NP levels and obesity is
well-known,8® we found the median NT-proBNP level
to be markedly elevated even in our most obese pa-
tients (BMI 240 kg/m?). This has potential implications
for the utility of NT-proBNP in the specific scenario of
diagnosing acute HF in obese patients with HFpEF, an
otherwise challenging clinical scenario. The findings
also support the development of a BMI-adjusted NP
scale for use in clinical practice.

Change in NT-proBNP With Diuresis by
Obesity Category

Although the percent change in NP level with HF treat-
ment has been extensively studied in HFrEF, there are
comparatively fewer studies in HFpEF.'*26-28 Current
ACC/AHA/HFSA guidelines recommend checking
an admission (class |, level of evidence A) and pre-
discharge (class lla, level of evidence B) BNP or NT-
proBNP for HF prognostication with no established
role for targeting a certain threshold value or relative
change during HF hospitalization.” The literature on NP
levels in acute HFpEF is limited. There are 3 studies to
date investigating BNP or NT-proBNP levels in HFpEF
patients with acute HF demonstrating the inverse rela-
tionship between NP level and BMI; lower NP levels in
patients with HFpEF compared with those with HFrEF;
and the prognostic impact of an elevated NP level dur-
ing hospitalization.”* Our study is the first to report
the change in NP level with treatment for acute HF in
an obese HFpEF patient population.

We found that, unexpectedly, the highest obesity
group, which had the relatively lowest admission and
discharge NT-proBNP levels, had the greatest per-
cent decrease in NT-proBNP with acute HF treatment.
This has potential implications for both clinical practice
and for clinical trials. In clinical practice, there may be
utility to assess a change in NT-proBNP as a marker
of decongestion even in severely obese patients with
HFpEF. In HFpEF clinical trials, both obesity and low
NT-proBNP are often exclusion criteria with the con-
cern that the presence of 1 or both may not represent
“true” clinical HFpEF. Our study suggests that in fact
the most obese patients with HFpEF may be the most
responsive to diuretic therapy and potentially other NP
pathway-targeting therapies. Our findings that in ad-
justed analysis all obesity categories demonstrated
a similar percent change in NT-proBNP would again
suggest that morbidly obese patients with HFpEF re-
spond to HF treatment as much as their lower BMI
counterparts.

J Am Heart Assoc. 2020;9:e015738. DOI: 10.1161/JAHA.119.015738

Change in NT-proBNP in Obese Hospitalized HFpEF

Survival Post-Hospitalization in Obese
Patients With HFpEF

The relationship between survival and obesity in
HF has been explored in both HFrEF and HFpEF.
A subanalysis from the |-PRESERVE (Irbesartan in
Heart Failure With Preserved Ejection Fraction) trial
demonstrated that the highest rates of adverse out-
comes, including death or cardiovascular hospitali-
zations, were seen in the extreme BMI categories
after adjustment for multiple risk variables.?® A simi-
lar U-shaped relationship was described in 2 sepa-
rate meta-analyses that included both patients with
HFrEF and those with HFpEF.?"2° Interestingly, we
did not observe a U-shaped relationship between
BMI and survival; however, our cohort was over-
all morbidly obese, with a relatively small percent-
age who were nonobese. We also did not observe
significant differences in baseline comorbidities
across different BMI categories, which has been
proposed to explain the U-shaped relationship seen
in larger clinical studies. Ultimately, the mechanis-
tic and prognostic associations between obesity,
NP levels, and survival in HFpEF warrants further
investigation.

Normal Natriuretic Peptide Levels in
HFpEF

Prior studies have shown that patients with HFpEF
can have a normal BNP level despite clinical evi-
dence of HF.?43" In the 13% of our patients who pre-
sented with a normal NT-proBNP level on hospital
admission, there was no difference in clinical presen-
tation or treatment course compared with those with
an elevated NT-proBNP level. There was also no dif-
ference in clinical outcomes, although prior studies
have shown worse clinical outcomes in patients with
HFpEF who have an elevated BNP level compared
with those who have a normal BNP level.?* The low
NP levels in our patients can likely be explained by
younger age, higher BMI, lower rates of atrial fibrilla-
tion, and relatively less structural heart disease com-
pared with patients with HFpEF who have elevated
NT-proBNP level. Our finding of a large percent de-
crease in NT-proBNP with acute HF management
irrespective of the admission NT-proBNP level sup-
ports a mechanistic role for change in left ventricular
end-diastolic pressure contributing to NT-proBNP
levels in acute decompensated HFpEF. These find-
ings would suggest that relative (or change) in NP
levels may aid in the assessment of response to ther-
apies in patients with acute decompensated HFpEF.
Further understanding of NP levels (normal and ele-
vated) in HFpEF and response to acute HF therapies
in larger clinical trials is warranted.
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LIMITATIONS

The results of this study should be interpreted in the
context of several limitations. Our study was under-
powered to detect differences in clinical events be-
tween obesity categories, as this was a secondary
analysis of a clinical trial. Inpatient diuretic dosing was
not available from the original clinical trial because of
a change in the electronic medical record system at
our institution during the course of the clinical trial.
Although dosage information was not included as a
clinical variable in our study, there was no significant
difference in fluid loss between the different diuretic
categories (intermittent furosemide versus continuous
infusion groups). Additionally, we defined obesity cat-
egories by BMI cutoffs and did not include measures
of central adiposity including waist circumference and
waist-to-hip ratio. Finally, BMI values were used based
on admission weight, which may be subject to inherent
inaccuracies attributable to discrepancies in hospital
scales and weight fluctuations during the hospitaliza-
tion course with treatment for acute HF.

CONCLUSIONS

HFpEF is an increasingly challenging condition to treat
in real-world practice, with a high prevalence of obesity
in this patient population. In a morbidly obese HFpEF
cohort hospitalized for acute HF, we found that NT-
proBNP was inversely associated with BMI, and that
the highest obesity category saw the greatest percent
decrease in NT-proBNP with diuresis. Severely obese
patients had improved survival at 1 year following hos-
pitalization compared with those who were less obese
and nonobese. Finally, 13% of our cohort had a nor-
mal NT-proBNP level on hospital admission, yet had
a similar clinical presentation, hospitalization course,
and outcomes postdischarge compared with patients
with elevated NT-proBNP. Our findings have implica-
tions for the role and interpretation of NT-proBNP in
patients with acute decompensated HFpEF, particu-
larly in obese patients, from diagnosis to assessment
of therapeutic response. Future studies are warranted
to understand the role of NPs in this population and
for the development of BMI-calibrated NP scales for
use in the diagnosis and management of acute de-
compensated HFpEF.
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Table S1. Unadjusted and Adjusted Percent Change in Absolute NT-proBNP from Admission to Discharge in Hospitalized

HFpEF.

Univariate Linear Regression

Multivariable Linear Regression

mL/min

Beta Standard value Beta Standard value
Coefficient Error P Coefficient Error P
BMI Category
<30 kg/m? Ref Ref Ref Ref Ref Ref
30-39.9 kg/m? 541 10.8 0.619 4.41 10.2 0.666
>40 kg/m2 -19.1 9.73 0.054 -9.53 9.41 0.315
Age, per 10 years 12.2 2.70 <0.001 9.9 3.11 0.002
Atrial fibrillation 114 8.68 0.194 - - -
eGFR at presentation, per 10
-3.04 1.30 0.022 -0.44 1.34 0.745

BMI=body mass index, eGFR=estimated glomerular filtration rate




