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Background-—The prognostic interrelationship between natriuretic peptide (NP) levels and body mass index (BMI) among patients
with chronic stable heart failure with preserved ejection fraction is not well characterized.

Methods and Results-—Participants from the TOPCAT (Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone
Antagonist) trial enrolled in the Americas meeting inclusion by the NP stratum were stratified into 4 data-derived categories by BMI
and standardized NP-z score. Adjusted Cox-proportional models determined the independent association of BMI, NP-z score, and
BMI/NP categories with composite primary end point, heart failure hospitalization, and all-cause mortality. The study population
included 997 participants. There was a U-shaped relationship between BMI and NP with elevated NP levels noted at extremes of
BMI distribution. There was also a U-shaped relationship between BMI and risk of adverse clinical outcomes with the lowest risk
among patients approximating a BMI of 25 kg/m2. In contrast, higher NP levels were linearly associated with higher risk of adverse
clinical outcomes. For BMI/NP-based categories, participants in the high BMI/high NP group had greater prevalence of cardiac
structural and functional abnormalities and the highest risk of adverse clinical outcomes (hazard ratio for primary end point; 95%
confidence interval: 2.29 [1.36–3.84] Reference: low BMI/low NP).

Conclusions-—There is a U-shaped association between BMI and NP levels among patients with chronic heart failure with
preserved ejection fraction. Higher NP levels are independently associated with a higher risk of mortality across both high and low
BMI strata. Among obese patients with heart failure with preserved ejection fraction, elevated NP levels identify a higher risk
phenotype with a significantly increased incidence of both mortality and heart failure hospitalization. ( J Am Heart Assoc. 2018;7:
e009664. DOI: 10.1161/JAHA.118.009664.)
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H eart failure (HF) with preserved ejection fraction
(HFpEF) is common, increasing in prevalence, and

associated with significant morbidity and mortality.1 Unlike

HF with reduced ejection fraction, HFpEF has no clearly
beneficial treatment.2 A major challenge to developing
effective therapies for HFpEF is the heterogeneous nature of
this disease process and the existence of distinct phenotypes
that may require specific tailored therapies.3 Obesity is a well-
established risk factor for HFpEF, and recent studies have
identified a distinct obesity phenotype in HFpEF that is
associated with greater impairment in hemodynamic
reserve.4–6 However, large-scale observational studies have
reported the phenomenon of an obesity paradox whereby
obese patients with HFpEF have better long-term survival than
normal-to-overweight patients.7–9 This discordance in the
hemodynamic and clinical implications of obesity in HFpEF
highlights the need to better understand the heterogeneity
within this phenotype and identify the highest-risk obese
patients.

Elevation in NP levels is a surrogate measure of hemody-
namic stress in patients with HFpEF.10,11 However, the
contribution of elevation in NP levels toward clinical outcomes
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across different body mass index (BMI) categories is not
known. This is particularly relevant considering the previously
reported inverse association between BMI and NP levels.12

Against this background, we sought to determine the
interrelationship between BMI and NP levels for predicting
the risk of adverse clinical outcomes among patients with
HFpEF.8,13 We hypothesize that elevated NP levels among
obese patients with chronic HFpEF will identify the subset
that have the highest risk of adverse clinical outcomes such
as HF hospitalization and death.

Methods

Study Design and Population
The present study was done as a secondary analysis of the
TOPCAT (Treatment of Preserved Cardiac Function Heart
Failure With an Aldosterone Antagonist) trial using a publicly
released version of the trial database obtained from the
National Heart, Lung, and Blood Institute’s Biologic Speci-
men and Data Repository Information Coordinating Center
(BioLINCC) via an approved proposal. The present study
does not necessarily reflect the opinions and views of the
TOPCAT investigators or the National Heart, Lung, and Blood
Institute. The authors will not make the data, methods used
in the analysis, and materials used to conduct the research
available to any researcher for purposes of reproducing the
results or replicating the procedure. TOPCAT was a multi-
center, randomized, double-blind, placebo-controlled trial
that evaluated the effects of spironolactone in patients with
symptomatic HFpEF. The details about the study design,
rationale, inclusion criteria, and primary findings have been
reported before.14,15 Briefly, the trial included patients older

than 50 years with signs and symptoms of heart failure, left
ventricular ejection fraction >45%, controlled systolic blood
pressure, serum potassium levels <5 mmol/L, serum crea-
tinine <2.5 mg/dL, and who fulfilled at least 1 of the
following inclusion criteria: (1) history of hospitalization for
HF within the past 12 months; or (2) brain natriuretic
peptide (BNP) ≥100 pg/mL or an N-terminal-proBNP (NT-
proBNP) ≥360 pg/mL within 60 days before randomization.
The study included 3445 participants from 233 sites across
the United States, Canada, South America (n=1767 partic-
ipants), and Europe (Russia and Georgia, n=1678 partici-
pants). Each site approved the protocols and all patients
signed informed consent before randomization. The present
analysis was limited to participants enrolled from centers in
the Americas. This was done because of the previously
reported heterogeneity in clinical characteristics, outcome
event rates, and physiological response to spironolactone
between the patients enrolled in Americas versus Russia and
Georgia.16–18 We also excluded participants who would not
have met inclusion in the NP stratum and with missing BMI
and BNP/NT-ProBNP levels at baseline. The final study
population included 997 participants. The Institutional
Review Board at the University of Texas Southwestern
Medical Center, Dallas, Texas, approved the present
analysis.

Primary Exposure Variables of Interest
Primary exposure variables of interest for the present analysis
were BMI and serum BNP/NT-ProBNP levels. BMI at baseline
was calculated as the ratio of weight in kilograms and height
squared (meter2). The data on BNP or NT-ProBNP levels at the
baseline were obtained from the case report forms as
reported previously.19

Outcomes of Interest
Consistent with the primary trial, the primary outcome of
interest for the present study was the composite of
cardiovascular death, HF hospitalization, or aborted cardiac
arrest. Secondary outcomes analyzed were all-cause death
and HF hospitalization. As described previously,14 HF hospi-
talization was defined as an unexpected presentation to an
acute care facility requiring an overnight (change in calendar
day) hospitalization with exacerbation of HF meeting the
criteria with at least 1 symptom (worsening dyspnea,
orthopnea, paroxysmal nocturnal dyspnea, increased fati-
gue/exercise intolerance) and at least 1 sign (peripheral
edema, elevated jugular venous pressure, radiological signs
of HF, ascites, pulmonary edema, rales, rapid weight gain) for
HF. The clinical outcomes committee, using prespecified
protocols, adjudicated the outcome events independently.15

Clinical Perspective

What Is New?

• The prognostic interrelationship between natriuretic peptide
levels and body mass index among patients with chronic
stable heart failure with preserved ejection fraction is not
well known.

• Our study findings demonstrate a U-shaped association
between body mass index and natriuretic peptide levels
among patients with chronic stable heart failure with
preserved ejection fraction.

What Are the Clinical Implications?

• Higher natriuretic peptide levels among obese patients with
heart failure with preserved ejection fraction identifies a
higher-risk phenotype with a significantly increased risk of
both mortality and HF hospitalization.
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Echocardiographic Measurements
A subset of the study participants had echocardiographic
assessment done at baseline. The details about the echocar-
diographic methods and baseline echocardiographic charac-
teristics have been published before.15,20

Statistical Analysis
Because NPs were measured as either BNP or NT-proBNP, a
single combined, standardized log-transformed NP Z-score
was calculated as previously reported.19 The study partici-
pants were stratified into data-derived quartiles of BMI and
NP-Z scores and grouped into the following 4 categories: low
BMI low NP (BMI and NP Z-score below median); low BMI-high
NP (BMI below median and NP Z-score above median); high
BMI-low NP (BMI above median and NP Z-score below
median); and high BMI-high NP (BMI and NP Z-score above
median). Baseline demographic, clinical, and echocardio-
graphic characteristics were reported across the 4 study
groups with continuous variables represented by median and
25th to 75th percentile and categorical as n (%). Differences
in baseline characteristics across the BMI/NP categories
were tested via the Kruskal-Wallis or Pearson’s v2 tests.
Kaplan–Meier estimates of the time-to-event outcomes were
generated to compare the unadjusted risk of primary and
secondary clinical end points. Differences in failure curves
were compared via the log-rank test. Adjusted associations
between the exposure variables of interest and key clinical

outcomes were assessed using multivariable adjusted Cox
models. The proportional hazards assumption was tested
using scaled Schoenfeld residuals. However, the proportional
hazards assumption was not met over the entire follow-up
duration, with a stronger association between BMI/NP and
outcomes early on during follow-up. As a result, consistent
with a previously reported approach in this data set, this
analysis was limited to the first 2 years of follow-up to satisfy
the proportional hazards assumption.21 Separate models were
constructed for continuous measures of BMI and NP Z-scores
(both in the same model) and the BMI/NP Z-score categories
(High BMI/Low NP, Low BMI/High NP, High BMI/High NP
versus Low BMI/Low NP [referent group]). Linearity with
respect to the outcome was assessed by visual inspection of
each variable’s risk relationship plotted as a fractional
polynomial. If nonlinear, the variables were accordingly
transformed. For example, the association between continu-
ous measures of BMI and risk of primary composite and
secondary outcomes was nonlinear and it was included in the
Cox model as a linear spline with knot at 25 kg/m2. Following
a priori selected variables were included in the Cox models for
multivariable adjustment: sex, blood urea nitrogen levels,
systolic blood pressure (linear spline with knot at
140 mm Hg), New York Heart Association class, sodium
level, history of atrial fibrillation, and history of diabetes
mellitus. Interaction testing was also performed to determine
the impact of treatment assignment (spironolactone versus
placebo) on the risk of clinical outcomes across different
BMI/NP groups. For the models evaluating the associations of
BMI and NP levels (continuous as well as BMI/NP groups)
with risk of HF hospitalization, competing risk analysis was
performed accounting for death as a competing risk in the
updated Cox models using the Fine and Grey approach of
survival regression modeling with cumulative incidence and
subdistribution hazard functions.22

Several sensitivity analyses were performed to assess the
robustness of our study findings. First, the association of BMI
and NP Z-score-based categories with the risk of primary
composite outcome was assessed using alternative data-
derived tertiles-based cutoffs to define high and low BMI/NP
groups as follows: low BMI low NP (BMI tertile 1 and NP
Z-score tertile 1); low BMI-high NP (BMI tertile 1 and NP Z-score
tertile 3); high BMI-low NP (BMI tertile 3 and NP Z-score tertile 1);
and high BMI-high NP (BMI and NP Z-score both tertile 3).
Second, sensitivity analysis was also performed including
participants enrolled from European centers to evaluate the
association between BMI, NP levels, and risk of primary
composite end point. Finally, the association between waist
circumference (WC), a measure of central adiposity, and the
risk of adverse clinical outcomes after adjustment for
potential confounders including NP levels, was also assessed
using multivariable adjusted Cox models as described above.

Figure 1. Association between body mass index and natriuretic
peptide Z-score in the study population.
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Two-sided P<0.05 were considered statistically significant.
Statistical analyses were performed using Stata version 13.1
software (Stata Corp LP, College Station, TX).

Results
The final study population included 997 patients with both
BMI and NP values at baseline. The distribution of NP Z-scores
across different BMI levels in the study population are shown
in Figure 1. There was a nonlinear U-shaped relationship
between BMI (median BMI: 31.9 kg/m2 [interquartile range:
27.2–37.4]) and NP levels (median NP Z-score: �0.16
[interquartile range: �0.82 to 0.66]; median BNP [n=659]:
267 [interquartile range: 157–459]; median NT-ProBNP
[n=341]: 984 [631–2054]). The lowest NP levels were
associated with an approximate BMI of 35 (kg/m2) and NP
levels increased from there towards both extremes of the BMI
spectrum. The distribution of absolute measures of NT-
ProBNP and BNP levels across BMI categories are shown in
Figure S1.

The baseline characteristics of study participants across
the 4 BMI/NP-based groups are shown in Table 1. Partic-
ipants with higher BMI were younger, more commonly
black, had higher blood pressure levels, and higher
prevalence of diabetes mellitus irrespective of the NP
strata. The prevalence of atrial fibrillation was higher in
both high BMI as well as high NP groups as compared with
the low BMI/low NP group. Baseline characteristics of the
study participants across BMI and NP Z-score quartiles are
shown in Table 2.

Table 3 compares the echocardiographic characteristics of
the subset of study participants with available baseline
echocardiographic data (n=365). Left ventricular (LV) end
diastolic volume was higher in the higher BMI categories
irrespective of theNP strata and the LA volumewas higher in the
higher NP categories irrespective of the BMI strata. The
measures of LV mass, diastolic function, and systolic function
were significantly different across the BMI/NP categories.
Participants in the high BMI/high NP group had the highest
median values for LV mass and E/e’. Furthermore, median EF

Table 1. Baseline Characteristics of the Study Participants Stratified by BMI and Standardized NP Z-Score

Low BMI/Low NP (N=236) Low BMI/High NP (N=263) High BMI/Low NP (N=263) High BMI/High NP (N=235) P Value

Age, y 77 (71–82) 78 (71–83) 68 (62–77) 69 (63–76) 0.0001

Males, % 50.8 52.1 49 56.6 0.38

Race, %

White 84.7 79.8 77.6 74.5 0.007

Black 9.3 12.9 18.6 20.8

Others 5.9 7.2 18.5 4.7

BMI, kg/m2 27.3 (3.0) 26.3 (3.6) 38.9 (6.4) 39.2 (6.3) 0.0001

SBP, mm Hg 126 (118–138) 124 (114–138) 130 (118–140) 130 (118–139) 0.07

HR, bpm 64 (56–72) 67 (60–76) 67 (60–75) 67 (60–75) 0.003

Cr, mg/dL 1.1 (0.9–1.3) 1.1 (0.9–1.4) 1.1 (0.9–1.4) 1.2 (1.0–1.5) 0.0001

BUN, mg/dL 21 (17–29) 25 (20–34) 22 (17–30) 24.0 (17–35) 0.0005

BNP, pg/mL (N=656) 156 (133–203) 494 (348–725) 156 (128–202) 425 (323–623) 0.0001

NT-ProBNP, pg/mL (N=341) 636 (475–815) 2258 (1628–3814) 618 (468–784) 1937 (1336–2833) 0.0001

b-Blockers, % 75.4 81.7 80.6 86.4 0.02

Diuretic, % 78.8 90.1 90.9 94 0.0001

ACEi/ARB, % 68.2 73.3 81.8 82.5 0.0001

Warfarin, % 29.7 43 36.5 38.7 0.02

Diabetes mellitus, % 27.2 31.2 54 60.4 <0.0001

Afib, % 38.7 52.8 43.3 50.6 0.005

Revasc (%) CABG 21.3 21.3 20.1 21.3 0.98

PCI 19.5 19.0 23.6 24.7 0.31

Study groups are defined based on the median cutoffs for BMI and NP Z-score (median BMI: 31.95 kg/m2, median NP Z-score: �0.16): low BMI low NP (BMI and NP Z-score below
median); low BMI-high NP (BMI below median and NP Z-score above median); high BMI-low NP (BMI above median and NP Z-score below median); and high BMI-high NP (BMI and NP
Z-score above median). ACEi/ARB indicates angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; Afib, atrial fibrillation; BMI, body mass index; BNP, brain natriuretic
peptide; bpm, beats per minute; BUN, blood urea nitrogen; CABG, coronary artery bypass graft; Cr, creatinine; HR, heart rate; NP, natriuretic peptide; NT-ProBNP, N-terminal brain
natriuretic peptide; PCI, percutaneous coronary interventions; Revasc, revascularization; SBP, systolic blood pressure.
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and global longitudinal strain were lowest in the high BMI/high
NP group.

There were 199 primary end point events, 161 HF
hospitalization events, and 111 all-cause mortality events
during the 2-year follow-up period. There was a nonlinear
relationship between continuous measures of BMI and risk of
adverse clinical outcomes; therefore, a linear spline with a
knot at 25 kg/m2 was used to model BMI (Figure 2, Table 4).
At levels below 25 kg/m2, BMI was not associated with the
primary composite end point, but a significant association was
noted between higher BMI and lower risk of all-cause
mortality. In contrast, at levels of 25 kg/m2 or above, higher
BMI was associated with a higher risk of primary composite
end point largely driven by a significantly increased risk of HF
hospitalization but not all-cause mortality (Table 4). For NP
levels, there was a linear association between increasing NP
Z-score values and risk of primary composite and secondary
clinical end points. One SD higher NP Z-score was associated
with 28% higher risk of primary composite end point, 29%
higher risk of HF hospitalization, and 43% higher risk of

all-cause mortality (Table 4, Figure S2). The association of
BMI and NP levels with the risk of primary composite event in
sensitivity analysis including participants from both Americas
and Europe was consistent with that observed in the primary
analysis (Table S1). In Cox models substituting continuous
measures of BMI with WC, a nonlinear relationship was
observed between continuous measures of WC and the risk of
adverse clinical outcomes (Figure S3). In adjusted analysis,
WC was not associated with risk of primary composite event
or HF hospitalization. However, a significant association was
noted between higher WC, above the threshold of 100 cm,
and risk of all-cause death (hazard ratio [95% confidence
interval] per 10-cm higher WC: 1.27 [1.107–1.50]).

Cumulative incidence estimates for each time-to-event end
point are shown in Figure 3. The high BMI/high NP category
had the highest cumulative incidence of the primary end point
(Figure 3A) and HF hospitalization (Figure 3B). In adjusted
analyses, the high BMI/high NP category had a >2-fold
increased risk of both the primary end point and HF
hospitalization in comparison to the low BMI/low NP category

Table 2. Baseline Characteristics of the Study Participants Across BMI and NP Z-Score Quartiles

Body Mass Index Quartiles (BMI, kg/m2) Natriuretic Peptides (NP) Z-Score Quartiles

Q1 (N=250) Q2 (N=249) Q3 (N=249) Q4 (N=249) P Value Q1 (N=249) Q2 (N=249) Q3 (N=250) Q4 (N=250) P Value

Age, y 76.9 (9.2) 74.8 (8.8) 71.3 (8.8) 67.3 (8.4) 0 70.7 (9.3) 73.2 (9.5) 73.2 (9.2) 73.3 (9.3) 0.004

Males (%) 48 55 58.6 46.6 0.97 48.8 50.8 59.2 49.2 0.49

Race (%)

White 78.4 85.9 81.1 71.1 79.2 82.4 79.2 75.2

Black 12 10.4 13.6 25.7 0.06 17.2 11.6 16 17.2 0.15

Others 9.6 3.6 5.2 3.2 3.6 6 4.8 7.6

BMI, kg/m2 24.0 (2.4) 29.6 (1.4) 34.5 (1.6) 43.6 (6.0) 33.7 (7.6) 33.2 (7.8) 32.7 (7.1) 32.0 (9.1) 0.002

SBP, mm Hg 124 (16) 128 (14) 129 (15) 128 (16) 0.003 128 (14) 127 (16) 126 (17) 127 (16) 0.45

HR, bpm 68 (13) 66 (12) 68 (12) 68 (11) 0.24 66 (13) 67 (12) 68 (12) 69 (12) 0.0008

Cr, mg/dL 1.1 (0.32) 1.2 (0.32) 1.2 (0.35) 1.2 (0.35) 0.04 1.1 (0.3) 1.1 (0.3) 1.2 (0.3) 1.2 (0.3) <0.0001

BUN, mg/dl 27 (12) 25 (12) 27 (13) 26 (14) 0.2 23.4
(10.2)

26.0
(13.1)

26.1
(12.1)

29.7 (14.9) <0.0001

BNP, pg/mL
(N=656)

506 (591) 368 (359) 344 (319) 372 (369) 0.01 130 (16.6) 208 (29) 350 (59) 898 (596) <0.0001

NT-ProBNP,
pg/mL
(N=341)

2263
(2341)

1444
(1387)

1215
(1031)

1853
(2455)

0.03 461 (66) 801 (124) 1453
(275)

4050
(2539)

<0.0001

Afib (%) 44.0 48.4 51.0 42.6 0.91 18.1 26.1 26.3 29.5 <0.0001

BB (%) 76.8 80.7 84.3 82.3 0.07 79.2 77.2 80 87.6 0.01

Diuretic (%) 82.8 86.7 90.8 94 <0.0001 82.4 88 92.8 91.2 0.001

ACEi/ARB (%) 69.6 72.3 79.9 84.3 <0.0001 73.6 77.2 77.6 78 0.25

Warfarin (%) 33.2 40.2 39.8 35.3 0.66 28.4 38 41.6 40 0.005

ACEi/ARB indicates angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; Afib, atrial fibrillation; BB, Beta-blockers; BMI, body mass index; BNP, brain natriuretic peptide;
bpm, beats per minute; BUN, blood urea nitrogen; Cr, creatinine; HR, heart rate; NP, natriuretic peptide; NT-ProBNP, N-terminal brain natriuretic peptide; SBP, systolic blood pressure.
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(Table 5). The 2 other categories, however, were not associ-
ated with a higher risk of primary composite end point or HF
hospitalization. For all-cause mortality, both the low BMI/high
NP and high BMI/high NP categories had a higher cumulative
incidence than the other 2 BMI/NP categories (Figure 3C). In
adjusted analyses, the low BMI/high NP and high BMI/high
NP categories were associated with �3-fold increased risk of
all-cause mortality (Table 5). Among other clinical factors,
male sex and systolic blood pressure were significantly
associated with risk of all-cause mortality (Table S2).

There was no statistically significant interaction between
BMI and NP levels for the risk of adverse clinical outcomes
(P-interaction >0.1). Furthermore, no significant interaction
was observed between BMI/NP study groups and treatment
with spironolactone for the risk of adverse clinical outcomes
(P-interaction >0.1 for all). In sensitivity analyses, using tertile-
based cutoffs to define high and low BMI/NP levels (tertile 1 as
low and tertile 3 as high for both BMI andNP), the risk of primary
composite events and mortality across the study groups was
similar to that observed in the primary analysis (Figure S4).

Table 3. Echocardiographic Characteristics of the Study Participants Stratified by BMI and NP Z-Score

Low BMI/Low BNP (N=82) Low BMI/High BNP (N=95) High BMI/Low BNP (N=91) High BMI/High BNP (N=97) P Value

LV end diastolic dimension, cm 4.59 (4.26–5.01) 4.55 (4.11–5.06) 4.97 (4.53–5.28) 5.04 (4.69–5.25) 0.0001

LVEDV, mL 80.9 (64.2–100.7) 82.9 (67.9–101.7) 100.2 (74.9–122.5) 103.9 (83.2–125.4) 0.0001

LVEDV indexed 35.6 (27.6–41.9) 34.0 (27.8–41.6) 40.2 (33.4–50.5) 44.2 (34.7–52.2) 0.0001

LV mass, g 189 (149–230) 193 (159–240) 226 (186–279) 248 (201–284) 0.0001

LV mass indexed 77.0 (65.5–92.4) 80.0 (63.3–97.4) 91.4 (78.4–114.0) 101.4 (84.3–114.3) 0.0001

LA volume, mL 54.0 (42.8–70.5) 63.1 (43.9–80.1) 56.3 (45.6–82.0) 64.1 (52.4–81.7) 0.06

LA volume indexed 23.0 (17.8–32.5) 25.9 (18.2–32.8) 24.0 (18.6–32.3) 25.5 (21.9–32.7) 0.09

E/a lateral 1.15 (0.88–1.58) 1.23 (0.77–2.21) 1.10 (0.92–1.54) 1.39 (1.16–1.98) 0.006

Ejection fraction (%) 61 (56–65) 60 (56–64) 62 (58–67) 58 (54–63) 0.001

e/e0 lateral 11.4 (8.5–14.1) 11.0 (7.4–15.0) 10.6 (8.4–15.9) 13.1 (9.8–17.0) 0.13

Relative wall thickness 0.46 (0.42–0.51) 0.49 (0.44–0.57) 0.48 (0.42–0.54) 0.49 (0.45–0.54) 0.02

GLS, s�1 �15.4 (�18.5 to 13.3) �15.3 (�18.0 to 12.3) �17.4 (�18.6 to 13.6) �14.8 (�16.5 to 13.2) 0.14

RV end diastolic area, cm2 18.3 (15.9–21.2) 18.3 (15.6–22.4) 20.7 (17.8–26.7) 22.3 (17.8–27.2) 0.0001

PVR (wood units) 1.7 (1.4–2.2) 2.1 (1.6–2.4) 1.7 (1.3–1.9) 1.9 (1.5–2.1) 0.02

Deceleration Time, s 195 (165–250) 188 (140–240) 197 (163–230) 197 (150–220) 0.33

Study groups are defined based on the median cutoffs for BMI and NP Z-score (median BMI: 31.95 kg/m2, median NP Z-score: �0.16): low BMI low NP (BMI and NP Z-score below
median); low BMI-high NP (BMI below median and NP Z-score above median); high BMI-low NP (BMI above median and NP Z-score below median); and high BMI-high NP (BMI and NP Z-
score above median). BMI indicates body mass index; BNP, brain natriuretic peptide; GLS, global longitudinal strain; LA, left atrium; LV, left ventricle; LVEDV, left ventricular end-diastolic
volume; PVR, pulmonary vascular resistance; RV, right ventricle.

Figure 2. Fractional polynomial plot showing continuous association between body mass index and risk of primary composite end point (A),
heart failure hospitalization (B), and all-cause mortality (C).
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Discussion
We observed several findings that are key to understanding
the relationship between body habitus and natriuretic
peptide and their impact on clinical outcomes in HFpEF.
First, in a cohort of chronic stable patients with HFpEF,
there was a U-shaped association between BMI and NP
levels, with elevated NP levels noted at the extremes of
BMI distribution. Second, there was a U-shaped relationship
between BMI and the risk of adverse clinical outcomes with
the highest risk at both the low and high BMI extremes. At
the lower end of BMI distribution (BMI <25 kg/m2),

increasing BMI was associated with lower risk of all-cause
mortality. In contrast, at the higher end of the BMI
distribution (BMI ≥25 kg/m2), increasing BMI was associ-
ated with a significantly higher risk of HF hospitalization
risk. Third, high NP levels were associated with a signif-
icantly higher risk of mortality across both BMI strata.
Finally, among patients with higher BMI, elevated NP levels
may identify more definitive abnormalities in cardiac
structure and function and thus, are associated with the
highest risk of adverse clinical outcomes, with significantly
higher mortality as well as HF hospitalization risk. Whether

Table 4. Adjusted Association of Continuous Measures of BMI and NP Z-Score With Outcomes

Primary End Point (N=199) HF Hospitalization (N=161) All-Cause Mortality (N=111)

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

Per 1 SD higher log NP Z-score 1.28 (1.10–1.49) 0.001 1.29 (1.10–1.52) 0.002 1.43 (1.15–1.77) 0.001

Per 5-unit higher BMI (below 25 kg/m2)* 0.68 (0.31–1.48) 0.33 0.87 (0.34–2.23) 0.77 0.36 (0.16–0.79) 0.01

Per 5-unit higher BMI (≥25 kg/m2) 1.15 (1.03–1.29) 0.01 1.25 (1.12–1.40) 0.005 1.12 (0.95–1.33) 0.20

Adjusted models includes age, sex, blood urea nitrogen, systolic blood pressure (linear spline with knot at 140 mm Hg), New York Heart Association class, sodium level, history of atrial
fibrillation, history of diabetes mellitus, BMI (linear spline with knot at 25 kg/m2), and log NP Z-score. BMI indicates body mass index; CI, confidence interval; HF, heart failure; HR, hazard
ratio; NP, natriuretic peptide.
*HR are reported per 5-unit higher measure of BMI levels above and below the spline knot of 25 kg/m2.

Figure 3. Cumulative incidence curves comparing the risk of primary
outcome events (A), heart failure hospitalization (B), and all-cause mortality
(C) across different BMI/NP groups based on their median cutoffs (median
BMI: 31.95 kg/m2, median NP Z-score:�0.16): low BMI low NP (BMI and NP
Z-score below median [average BMI: 27.3 kg/m2, average BNP/NT-ProBNP
levels: 156/636 pg/mL]); low BMI-high NP (BMI below median and NP Z-
score above median [average BMI: 26.3 kg/m2, average BNP/NT-ProBNP:
494/2258 pg/mL]); high BMI-low NP (BMI above median and NP Z-score
below median [average BMI: 38.9 kg/m2 pg/mL, average BNP/NT-ProBNP:
156/618 pg/mL]); and high BMI-high NP (BMI and NP Z-score above median
[average BMI: 39.2 kg/m2, average NP Z-score Q 3,4 [(median BNP/NT-
ProBNP: 425/1937 pg/mL]). BMI indicates body mass index; NP, natriuretic
peptide; NT-ProBNP, N-terminal pro-brain natriuretic peptide.
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phenotype-specific treatment benefits this group is
unknown and should be the subject of further investigation.

The present study is the first to our knowledge to evaluate
the steady-state relationship between BMI and NP levels
among stable, chronic outpatients with HFpEF. Prior studies
have evaluated the relationship between BMI and NP levels in
patients with acute decompensated HFpEF and demonstrated
a consistent inverse association between BMI and BNP, even
at extremely high BMI levels.8,13 Unlike these prior studies,
however, we observed a U-shaped distribution of NP levels
across BMI categories among stable outpatients with HFpEF
with higher NP levels noted at extremes of BMI. This
difference in the observed relationship between BMI and NP
levels in our study as compared with those reported
previously may be related to the cohort-specific differences.
In contrast to those prior studies with heterogeneous cohorts
of patients with decompensated HF, the TOPCAT study
included patients with stable, chronic HFpEF patients with
elevated NP levels at baseline. This is particularly relevant
since NP levels may fluctuate in the short term with acute HF

treatments, therefore not capturing what may be a more
chronically perturbed hemodynamic state.

We also evaluated the interrelationship between NP levels,
BMI, and risk of adverse clinical outcomes. Several prior studies
have demonstrated an obesity paradox in patients with HFpEF
such that higher BMI is associated with lower risk of
mortality.7,9,23 However, the impact of BMI onnonfatal outcomes
such as HF hospitalization is not well studied. Like these prior
studies, thefindingsof thepresent studydosuggest thepresence
of an obesity paradox for all-cause mortality.24,25 In contrast,
however, the obesity paradox may not be relevant to nonfatal
outcomes such as HF hospitalization. Specifically, higher BMI
above the normal range (≥25 kg/m2) was associated with a
higher risk of HF hospitalization, which was independent of NPs.
Furthermore, consistent with prior findings, we failed to observe
obesity paradox for measures of central adiposity such as WC
with a significantly higher risk of mortality noted at higher levels
of WC.23 Therefore, these findings support the hypothesis that
obesitymaycontribute tohigher riskofadverseclinical outcomes
in patients with HFpEF.25,26

Figure 3. Continued
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We also observed that higher NP levels were consistently
associated with an increased risk of all-cause mortality
independent of BMI. In contrast, higher BMI, above the normal
range, was not associated with the risk of mortality indepen-
dent of the NP levels and other risk factors. These findings
highlight the primacy of NP over BMI levels for prognosis in
HFpEF. Furthermore, among patients with higher BMI, the risk
of adverse clinical outcomes, both mortality and HF hospital-
ization, was significantly increased only among those with
elevated NP levels. In contrast, among high BMI patients with
lower NP levels, the risk of adverse clinical outcomes was not
different from the low BMI/low NP group. Taken together,
among HFpEF patients with high BMI, elevated NP levels may
identify a relatively higher-risk subset of patients with
increased risk of both fatal and nonfatal events over time.
Phenotypically, this group has more echocardiographic evi-
dence of perturbed cardiac function: more abnormal diastolic
function, lower ejection fraction, and lower myocardial strain
than the other BMI/NP strata. These findings are complemen-
tary to a recent study by Obakata et al,5 which demonstrated
that obese HFpEF patients may have more severe hemody-
namic abnormalities than their nonobese counterparts includ-
ing increased plasma volume and greater LV and right
ventricular filling pressure with exercise. It is therefore
plausible that obese patients with elevated NP levels represent
a unique subset of HFpEF patients with more severe hemody-
namic impairments and thus, have worse long-term outcomes.

These findings may have important clinical implications.
Our study findings highlight the usefulness of elevated NP
levels as an inclusion criterion to identify higher-risk obese
HFpEF patients for future clinical trials. This is particularly
relevant considering the high burden of obesity among HFpEF
patients. A recent study by Kitzman et al27 demonstrated that
intentional weight loss and exercise training is associated with

a synergistic improvement in exercise capacity and quality of
life among patients with HFpEF. However, considering the
resource-intensive nature of these interventions, it may not be
financially feasible to implement these in all obese patients
with HFpEF. Because patients with higher BMI and NP are at a
heightened risk of adverse clinical outcomes, these results
may identify the highest-risk HFpEF patients who are most
likely to benefit from such interventions. However, whether
such interventions translate into fewer HF hospitalizations
and reduce other adverse clinical outcomes is unknown and
should be the subject of future study.28

There are several limitations to our study. First, the NP levels
used in the study were measured at clinical site laboratories,
and we cannot exclude the possibility that there were issues
related to site-specific variability in its measurement. However,
this would bias the study towards the null. Second, this analysis
was limited to a subset of the TOPCAT participants from US/
South America centers in our analysis and this may have
introduced a selection bias, particularly since themajority of the
study participants at these sites were enrolled based on
elevated NP levels at baseline. Third, we do not have follow-up
BMI or BNP data available to determine how changes in these
variables over time may modify long-term outcomes. Fourth,
there may be regional and racial/ethnic variability in the
diagnostic thresholds and care-seeking patterns for HF hospi-
talization that may have influenced the observed associations
between BMI/NP levels and risk of HF hospitalizations.
However, owing to the clinical trial setting, the definitions and
criteria used for HF hospitalization were standardized and
clinically adjudicated. Thus, the likelihood that regional or
racial/ethnic variability in patterns of HF may have influenced
the study outcomes substantially is low. Finally, considering the
observational nature of this analysis, there is a potential for
residual confounding in the observed associations.

Table 5. Adjusted Risk of Clinical Outcomes Associated With Different BMI and NP Z-Score-Based Groups

Primary End Point HF Hospitalization All-Cause Mortality

No. of
Events HR (95% CI)

P
Value

No. of
Events HR (95% CI)

P
Value

No. of
Events HR (95% CI)

P
Value

Low BMI/low
NP (N=234)

30 Ref. 20 Ref. 13 Ref.

Low BMI/high
NP (N=263)

52 1.38 (0.81–2.33) 0.23 41 1.35 (0.74–2.46) 0.32 45 2.81 (1.33–5.96) 0.007

High BMI/low
NP (N=263)

49 1.33 (0.77–2.29) 0.30 42 1.48 (0.83–2.64) 0.17 20 1.95 (0.84–4.54) 0.12

High BMI/high NP
(N=235)

68 2.29 (1.36–3.84) 0.002 58 2.41 (1.37–4.24) 0.002 33 3.07 (1.40–6.79) 0.005

Separate Cox model was constructed for each outcome and includes age, sex, blood urea nitrogen, systolic blood pressure (linear spline with knot at 140 mm Hg), New York Heart
Association class, sodium level, history of atrial fibrillation, history of diabetes mellitus, BMI, Z-log NP. Study groups are defined based on the median cutoffs for BMI and NP Z-score
(median BMI: 31.95 kg/m2, median NP Z-score: �0.16): low BMI low NP (BMI and NP Z-score below median); low BMI-high NP (BMI below median and NP Z-score above median); high
BMI-low NP (BMI above median and NP Z-score below median); and high BMI-high NP (BMI and NP Z-score above median). BMI indicates body mass index; CI, confidence interval; HF, heart
failure; HR, hazard ratio; NP, natriuretic peptide.
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In conclusion, among patients with chronic stable HFpEF,
there is a U-shaped association between BMI and NP levels with
higher NP levels at both extremes of BMI distribution. Although
therewasevidence foranobesityparadox forall-causemortality,
there was none for HF hospitalization because higher BMI levels
were at higher risk. In contrast, high NP levels are consistently
associatedwith increased riskof adversecardiovascular events,
particularly all-causemortality. Among patientswith higher BMI,
higher NP levels may identify a higher-risk subset with more
perturbed LV diastolic function, strain impairment, and an
increased incidence of mortality and HF hospitalization.
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Supplemental Table 1: Association between body mass index, NP Z-score and risk of primary 
composite outcome in the study cohort with vs. without participants from Europe.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Primary study cohort  
(participants with available BMI & NP 

levels from Americas only, N = 997) 

Cohort combining participants with 
available BMI & NP levels from 
Americas & Europe (N = 1,251) 

 HR (95% CI) for Primary 
composite endpoint# 

 

P-value HR (95% CI) for 
Primary composite 

endpoint# 

P-value 

Per 1 SD higher Log NP 
Z-score 

1.28 
(1.10 – 1.49) 

0.001 1.31 
(1.12 – 1.55) 

0.001 

Per 5-unit higher BMI  
(below 25 kg/m2) * 

0.68 
(0.31 – 1.48) 

0.33 0.76 
(0.29 – 1.95) 

0.56 

Per 5-unit higher BMI  
(at or above 25 kg/m2) * 

1.15 
(1.03 – 1.29) 

0.01 1.26 
(1.12 -1.42) 

<0.0001 

#Model includes age, sex, BUN, systolic BP (linear spline with knot at 140 mm Hg), NYHA class, Sodium level, hx. of 
atrial fibrillation, hx. of diabetes, BMI (linear spline with knot at 25 kg/m2), and Log NP Z-score.  
 
*Hazard ratio (HR) are reported per 5-unit higher measure of BMI levels above and below the spline knot of 25 kg/m2 
 



Supplemental Table 2: Association of baseline demographic and risk factors with risk of 
mortality in the study cohort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 HR (95% CI) for Primary 
composite endpoint# 

 

P-value 

Age (Per 1 unit higher) 1.02 
(0.96 – 1.05) 

0.11 

Sex (Female vs. male) 0.60 
(0.38 to 0.96) 

0.03 

Log 2 BUN 1.26 
(0.89 – 1.81) 

0.19 

NYHA class 
(Per 1 class higher) 

1.10 
(0.70 – 1.72) 

0.67 

Sodium level ( per 1 unit 
higher 

1.00 
(0.93 – 1.07) 

0.95 

SBP (per 1 unit higher at 
levels below 140) 

0.97 
(0.96 – 0.99) 

0.001 

SBP (per 1 unit higher at 
levels above 140) 

0.99 
(0.93 – 1.05) 

0.95 

Prevalent atrial 
fibrillation 

0.87 
(0.55 – 1.36) 

0.54 

Prevalent Diabetes 1.35 
(0.83 – 2.22) 

0.22 

#Model includes age, sex, BUN, systolic BP (linear spline with knot at 140 mm 
Hg), NYHA class, Sodium level, hx. of atrial fibrillation, hx. of diabetes, BMI 
(linear spline with knot at 25 kg/m2), and Log NP Z-score.  
 



Supplemental Figure 1: Association between BMI and NT-ProBNP (Panel A) and BNP (panel B) levels 
in the study population 

 

 



 

Supplemental Figure 2: Fractional polynomial plot showing continuous association between 
NP Z-score and risk of primary composite end-point 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure 3: Fractional polynomial plot showing continuous association between 
waist circumference and risk of primary composite end-point, heart failure hospitalization, and 
all-cause mortality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplemental Figure 4: Kaplan-Meier plot comparing the cumulative incidence of primary 
composite endpoint across different BMI/NP Z-score based groups. The BMI and NP Z-score 
based groups are defined here using data derived tertiles-based cut-offs for high and low 
BMI/NP levels as follows: low BMI low NP [BMI Tertile 1, Median (IQR): 25.6 kg/m2 (23.3 to 
27.2)  & NP Z-score Tertile 1, Median (1QR): -1.04 (-1.22 to -0.81)];  low BMI-high NP [BMI 
Tertile 1  & NP Z-score Tertile 3 Median (1QR): 1.00 (0.66 to 1.46)]; High BMI-low NP [BMI 
Tertile 3 Median (IQR): 40.1 kg/m2 (37.4 to 44.2)]  & NP Z-score Tertile 1]; and high BMI-high 
NP (BMI & NP Z-score both tertile 3). 

 


