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Background-—Higher body mass index (BMI) is associated with lower circulating levels of N-terminal-pro-b-type natriuretic peptide
(NT-proBNP). The Interaction between BMI and NT-proBNP with respect to clinical outcomes is not well characterized in patients
with acute heart failure.

Methods and Results-—A total of 686 patients from the biomarker substudy of the ASCEND-HF (Acute Study of Clinical
Effectiveness of Nesiritide in Decompensated HF ) clinical trial with documented NT-proBNP levels at baseline were included in the
present analysis. Patients were classified by the World Health Organization obesity classification (nonobese: BMI <30 kg/m2,
Class I obesity: BMI 30–34.9 kg/m2, Class II obesity BMI 35–39.9 kg/m2, and Class III obesity BMI ≥40 kg/m2). We assessed
baseline characteristics and 30- and 180-day outcomes by BMI class and explored the interaction between BMI and NT-proBNP for
these outcomes. Study participants had a median age of 67 years (55, 78) and 71% were female. NT-proBNP levels were inversely
correlated with BMI (P<0.001). Higher NT-proBNP levels were associated with higher 180-day mortality (adjusted hazard ratio for
each doubling of NT-proBNP, 1.40; 95% confidence interval, 1.16, 1.71; P<0.001), but not 30-day outcomes. The effect of NT-
proBNP on 180-day death was not modified by BMI class (interaction P=0.24).

Conclusions-—The prognostic value of NT-proBNP was not modified by BMI in this acute heart failure population. NT-proBNP remains
a useful prognostic indicator of long-term mortality in acute heart failure even in the obese patient.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00475852. ( J Am Heart Assoc. 2018;7:
e006740. DOI:10.1161/JAHA.117.006740.)
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H eart failure (HF) causes significant morbidity, mortality,
and financial burden.1 Use of b-type natriuretic peptide

(BNP) and the physiologically inert cleaved fragment, N-
terminal-pro-b-type natriuretic peptide (NT-proBNP), are

guideline recommended by for the evaluation of dyspnea.2,3

BNP and/or NT-proBNP levels correlate with HF diagnosis,
severity, and mortality.4,5 However, obesity may be associated
with lower circulating levels of BNP and/or NT-proBNP.6–9
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Thus, the prognostic utility of NT-proBNP may differ between
obese and nonobese patients, though this has not been well
characterized in patients with acute HF. Given that the
diagnostic and prognostic utility of NT-proBNP may be
strongest in the setting of acute decompensated HF,3 we
examined the effect modification of body mass index (BMI) on
the prognostic value of NT-proBNP levels during acute HF
exacerbation in patients enrolled in the ASCEND-HF (Acute
Study of Clinical Effectiveness of Nesiritide in Decompensated
Heart Failure) randomized, clinical trial.

Methods

Study Overview
The authors are willing to make available the data, analytical
methods, and study materials to other researchers for
purposes of reproducing the results or replicating the
procedure. The design and results of the ASCEND-HF trial
have been previously reported.10,11 Briefly, ASCEND-HF was a
global, randomized, double-blind, placebo-controlled trial
evaluating the efficacy of nesiritide versus placebo, both in
addition to standard care, in 7141 patients with acute HF. The
trial enrolled patients from 398 centers across 30 countries.
Detailed inclusion and exclusion criteria have been described
previously.11 Enrolled patients were required to have dyspnea
at rest or with minimal activity, ≥1 accompanying sign, and ≥1
objective measure of HF. Of note, patients with BNP or NT-
proBNP within normal limits (ie, BNP <100 pg/mL or NT-
proBNP <125 pg/mL for subjects aged <75 years; NT-
proBNP <425 pg/mL for subjects aged ≥75 years) were
excluded. The primary end point of the trial was a composite
of all-cause mortality or HF rehospitalization at 30 days
postrandomization.

Study Population
The present analysis included patients enrolled in the
biomarker substudy of ASCEND-HF, which enrolled 687
patients in whom NT-proBNP levels were documented at
baseline prior to randomization and at 48 to 72 hours after
admission. If discharge occurred before 48 hours, blood
samples were collected at discharge. If 1 of these values were
missing, these patients were excluded from the biomarker
substudy. Postbaseline values of NT-proBNP collected <36 or
>96 hours were also excluded. Blood samples were obtained
from venous sampling and placed in EDTA plasma tubes and
were immediately centrifuged and stored at �80°C for
analysis. NT-proBNP levels were determined by the VITROS
NT-proBNP Assay (Ortho-Clinical Diagnostics, Raritan, NJ). The
full analysis of the analytical and clinical performance of the
VITROS NT-proBNP assay has been previously reported.12 The
assay has been shown to have acceptable levels of impreci-
sion, a limit of detection of 4.29 ng/L, and a limit of
quantification estimated to be 5.0 ng/L. All subjects gave
informed consent.

Study Definitions and End Points
Data on patient characteristics were collected during the
index hospitalization. Patients were classified by BMI in
accordance with the World Health Organization (WHO) obesity
classification.13 BMI <30 kg/m2 was categorized as non-
obese, BMI 30 to 34.9 kg/m2 as Class I obesity, BMI 35 to
39.9 kg/m2 as Class II obesity, and BMI ≥40 kg/m2 as Class
III obesity. Health status was measured at baseline using the
general EuroQol-5 Dimensions survey.14

The primary end point for the present analysis was the
composite of 30-day death or rehospitalization for HF.
Secondary end points were 30-day death or all-cause
rehospitalization, in-hospital worsening renal function, and
180-day all-cause death. The primary end point was adjudi-
cated by an independent, blinded, clinical events committee.
Hospitalization for HF was defined as admission for typical
clinical manifestations of worsening HF resulting in the new
administration of intravenous therapies, mechanical or
surgical intervention, or provision of ultrafiltration, hemofil-
tration, or dialysis for the management of persistent or
worsening HF. Worsening renal function was defined as an
increase of serum creatinine ≥0.3 mg/dL (26.5 lmol/L) or
≥25% relative increase in serum creatinine from baseline to
discharge.

Statistical Analysis
Patients were divided into groups based on WHO obesity
classification. Baseline clinical characteristics including

Clinical Perspective

What Is New?

• Higher baseline N-terminal-pro-b-type natriuretic peptide
levels are associated with poor long-term clinical outcomes.

• While body mass index changes the distribution of N-
terminal-pro-b-type natriuretic peptide (ie, an inverse rela-
tionship between natriuretic peptides and body mass index),
it does not modify the prognostic significance of N-terminal-
pro-b-type natriuretic peptide for post–acute heart failure
outcomes.

What Are the Clinical Implications?

• The prognostic significance of N-terminal-pro-b-type natri-
uretic peptide testing during acute heart failure exacerba-
tion remains useful in patients with the highest or lowest
body mass indices.
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demographics, medical history, signs/symptoms, laboratory
values, medication use, and quality of life were compared
between groups. Presenting signs/symptoms, baseline med-
ications, and medical history were reported as counts/
percentages for discrete factors and as 25th, 50th, and 75th
percentiles for continuous variables. Comparisons for contin-
uous variables were based on the Wilcoxon (Kruskal–Wallis)
test, whereas categorical variables were assessed using v2

test or Fisher’s exact test, as appropriate. Where Fisher’s
exact test could not be computed, a Monte Carlo estimate
was provided.

Interaction between baseline WHO BMI class and both
baseline NT-proBNP levels and change in NT-proBNP from
baseline to 48 to 72 hours was evaluated using logistic
regression for 30-day outcomes and Cox proportional hazards
regression for 180-day outcomes. Similar interaction analysis
was performed using continuous BMI as the interaction term.
In addition, Cox proportional hazards and logistic regression
were used to evaluate the association between baseline NT-
proBNP and change in NT-proBNP at 48 to 72 hours and the
primary and secondary end points. The nonlinear relationship
between change in NT-proBNP and the primary and secondary
end points was modeled using linear piece-wise splines with a
knot at zero. Odds ratios (ORs) were calculated for short-term
outcomes and hazard ratios (HRs) for time to death censoring
at 180 days. For the relationship between baseline NT-proBNP
and outcomes, HRs or ORs estimate the change in risk
associated with doubling of the baseline NT-proBNP. For the
relationship between 48 and 72 hours change in NT-proBNP
and outcomes, HRs or ORs estimate the change in risk
associated with an increase/decrease of 1000 pg/mL from
the baseline value.

Models were adjusted for covariates previously identified as
being associated with clinical outcomes.15–17 Outcomes of
death or death/rehospitalization were adjusted for the follow-
ing: region (North America or other), age, blood urea nitrogen,
serum creatinine, serum sodium, chronic obstructive pul-
monary disease, cerebrovascular disease, depression, dyspnea,
systolic blood pressure, elevated jugular venous pulsation at
baseline, randomized treatment assignment, and HF hospital-
ization within 1 year.15 The outcome of worsening renal
function was adjusted for randomized treatment assignment,
blood urea nitrogen, systolic and diastolic blood pressures, and
weight gain.17 A 2-sided P<0.05 was selected as the threshold
for statistical significance. Therewas no adjustment formultiple
comparisons given the exploratory nature of this analysis.

All statistical computations were generated using SAS
software (version 9.4; SAS Institute Inc, Cary, NC). The
institutional review board at each participating site approved
the study. The Duke Clinical Research Institute performed
database management and statistical analysis. Scios Inc

(Mountain View, CA) provided financial and material support
for the ASCEND-HF trial.

Results

Biomarker Study Population
A total of 686 patients were enrolled in the biomarker
substudy population with documented NT-proBNP levels at
baseline and 48 to 72 hours. Study participants had a median
(25th, 75th) age of 67 years (55, 78), 71% were female, and
median ejection fraction (EF) was 26% (20, 40). Participants
enrolled in the biomarker substudy were more often white
(P<0.001), female (P=0.003), and recruited from North
America (n=608; P<0.001), as compared with those not
included in the biomarker substudy (Tables S1 and S2).
Substudy patients had a higher BMI of 30 kg/m2 (26, 36) as
compared with 28 kg/m2 (24, 33) in those who were not
enrolled in the substudy (P<0.001).

Baseline Clinical Characteristics by WHO Obesity
Class
Patients in a higher WHO obesity class were significantly
younger (P<0.001) and had a higher prevalence of medical
comorbidities, including hypertension (P=0.033), diabetes
mellitus (P<0.001), and chronic respiratory disease (P=0.024;
Table 1). Patients in a higher obesity class had significantly
lower prevalence of coronary artery disease and were less likely
to have an ischemic etiology of HF compared with patients
within lower WHO obesity classes. EF, smoking status, and
alcohol use did not differ significantly between groups.

Patients with HF with reduced EF (EF <40%) had similar
rates of utilization of guideline-recommended medical and
device therapies across all obesity classes (Table 1). Pres-
ence of baseline loop diuretic use did not differ across groups.
Patients with Class III obesity had significantly lower
perceived quality of life as compared with patients within a
lower obesity class. During the hospitalization, greater
numbers of patients in higher obesity classes experienced
weight gain, orthopnea, and peripheral edema, but had fewer
signs of pulmonary congestion.

Baseline NT-proBNP differed markedly across BMI groups
(Table 2). Patients within a high obesity class had significantly
lower baseline NT-proBNP levels (P<0.001; Figure 1). Median
(25th, 75th) baseline NT-proBNP level was 8760 pg/mL
(4395–15125) for nonobese patients, 5289 pg/mL (2641–
10754) in Class I obesity, 3573 pg/mL (2349–7748) in Class
II obesity, and 3107 pg/mL (1454–5930) in Class III obesity.
Patients within higher obesity classes also had smaller
absolute reductions in NT-proBNP from baseline to 48 to
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Table 1. Patient Characteristics by BMI Category

Characteristic Overall (N=686)

Obesity Class

P ValueNonobese (N=346) Class I (N=147) Class II (N=86) Class III (N=107)

Patient characteristics

Age, y (median, 25th–75th) 67 (55–78) 74 (61–82) 64 (56–73) 64 (56–74) 54 (45–63) <0.001

Female sex, % 486 (71) 240 (69) 112 (76) 60 (70) 74 (69) 0.46

Race, % 0.047

White 472 (69) 257 (74) 101 (69) 57 (66) 57 (53)

Black 193 (28) 72 (21) 44 (30) 28 (33) 49 (46)

Asian 9 (1) 8 (2) 0 (0) 1 (1) 0 (0)

Other 12 (2) 9 (3) 2 (1) 0 (0) 1 (1)

BMI, kg/m2, median (25th–75th) 30 (26–36) 26 (23–28) 32 (31–33) 37 (36–38) 45 (42–50) <0.001

SBP, mm Hg, median (25th–75th) 125 (111–140) 124 (110–137) 126 (112–144) 128 (113–140) 129 (111–147) 0.065

HR, bpm, median (25th–75th) 78 (70–89) 78 (70–89) 79 (70–88) 78 (68–86) 80 (70–93) 0.74

HF Hosp within 1 y, % 282 (41) 135 (39) 60 (41) 35 (41) 52 (49) 0.39

Ischemic etiology 42 (62) 232 (67) 93 (63) 50 (58) 48 (45) <0.001

Ejection fraction, %
median (25th–75th)

26 (20–40) 25 (20–40) 29 (20–40) 28 (20–41) 30 (20–45) 0.53

EF ≥50% (%) 87 (16) 43 (16) 19 (15) 8 (11) 17 (21) 0.45

NYHA Class, % 0.025

I 30 (6) 15 (6) 5 (5) 6 (10) 4 (5)

II 108 (22) 61 (26) 24 (22) 13 (21) 10 (13)

III 243 (50) 98 (41) 60 (54) 33 (52) 52 (66)

IV 110 (22) 64 (27) 22 (20) 11 (18) 13 (17)

Comorbidities, %

Previous MI 250 (36) 137 (40) 51 (35) 31 (36) 31 (29) 0.23

Hypertension 536 (78) 259 (75) 120 (82) 64 (74) 93 (87) 0.033

Diabetes mellitus 332 (48) 129 (37) 80 (54) 51 (59) 72 (67) <0.001

Atrial fibrillation/flutter 277 (40) 152 (44) 57 (39) 37 (43) 31 (29) 0.046

Coronary artery disease 408 (60) 221 (64) 91 (62) 48 (56) 48 (45) 0.004

Laboratory values, median (25th–75th)

Sodium, mmol/L 139 (136–141) 139 (136–141) 139 (136–141) 139 (137–142) 139 (136–141) 0.77

Creatinine, mg/dL 1.3 (1.0–1.7) 1.3 (1.0–1.8) 1.3 (1.0–1.7) 1.3 (1.1–1.6) 1.3 (1.0–1.8) 1.00

Hemoglobin, g/dL 12.5 (11.1–13.7) 12.5 (11.1–13.6) 12.8 (11.3–14.0) 12.3 (11.1–13.4) 12.4 (10.9–13.6) 0.60

Patient quality of life

EQ5D VAS, median (25th–75th) 0.71 (0.51–0.82)
[665]

0.71 (0.53–0.83)
[335]

0.71 (0.52–0.83)
[143]

0.71 (0.46–0.78)
[85]

0.60 (0.38–0.78)
[102]

<0.001

Measures of congestion

Dyspnea, % 0.49

At rest 384 (56) 187 (54) 80 (54) 53 (62) 64 (60)

With minimal activity 302 (44) 159 (46) 67 (46) 33 (38) 43 (40)

Orthopnea, % 560 (82) 274 (79) 116 (79) 79 (92) 91 (85) 0.030

Nocturnal dyspnea, % 420 (61) 204 (59) 88 (60) 59 (69) 69 (65) 0.35

Weight gain, % 504 (74) 221 (64) 117 (80) 68 (79) 98 (92) <0.001

545 (79) 289 (84) 120 (82) 66 (77) 70 (65) <0.001

Continued
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72 hours, though percent reductions did not demonstrate
clinically meaningful differences by obesity classes (Figure 2).

NT-proBNP and Clinical Outcomes
The primary end point of 30-day death/hospitalization for HF
occurred in 86 patients, 42 of which were designated as
nonobese. With respect to the outcome of 180-day death,
there were 78 events in the overall study population, 53 of
which occurred in patients designated as nonobese.

Higher baseline NT-proBNP levels were associated with
higher rates of the primary end point, 30-day death/

hospitalization for HF, in unadjusted analysis (Table 3). This
association was no longer significant following adjustment
(adjusted P=0.25). Similarly, rates of the secondary outcome
of 30-day death or all-cause hospitalization were higher in
patients with higher baseline NT-proBNP levels, though these
differences were also not significant in adjusted analyses
(adjusted P=0.35).

Higher baseline NT-proBNP levels were strongly associated
with increased risk of all-cause death rates censored at
180 days before and after adjustment (adjusted HR per
doubling of baseline NT-proBNP 1.40; 95% confidence interval,
1.16, 1.71; P<0.001). Median follow-up time for this end point

Table 1. Continued

Characteristic Overall (N=686)

Obesity Class

P ValueNonobese (N=346) Class I (N=147) Class II (N=86) Class III (N=107)

Pulmonary congestion/edema
with rales/crackles, %

Peripheral edema, % 554 (81) 262 (76) 118 (80) 76 (88) 98 (92) <0.001

Elevated JVP, % 413 (60) 208 (60) 88 (60) 54 (63) 63 (59) 0.96

Medications/devices at enrollment

ACE-I or ARB, % 434 (63) 210 (61) 99 (67) 57 (66) 68 (64) 0.50

Beta-blocker, % 524 (76) 269 (78) 111 (76) 62 (72) 82 (77) 0.73

Aldosterone antagonists, % 165 (24) 79 (23) 39 (27) 18 (21) 29 (27) 0.62

ICD, % 217 (32) 106 (31) 46 (31) 27 (31) 38 (36) 0.82

CRT, % 117 (17) 57 (17) 25 (17) 19 (22) 16 (15) 0.58

Medications/devices at
enrollment—EF <40%

N=406 N=206 N=91 N=49 N=60

ACE-I or ARB, % 276 (68) 135 (66) 71 (78) 34 (69) 36 (60) 0.086

Beta-blocker, % 325 (80) 169 (82) 70 (77) 38 (78) 48 (80) 0.74

Aldosterone antagonists, % 122 (30) 55 (27) 30 (33) 15 (31) 22 (37) 0.44

ICD, % 174 (43) 83 (40) 38 (42) 22 (45) 31 (52) 0.46

CRT, % 90 (22) 42 (20) 21 (23) 14 (29) 13 (22) 0.66

ACE-I indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; bpm, beats per minute; CRT, cardiac resynchronization therapy; EF,
ejection fraction; EQ5D, EuroQol-5 Dimensions survey; HF, heart failure; Hosp, hospitalization; HR, heart rate; ICD, implantable cardioverter-defibrillator; JVP, jugular venous pulsation; MI,
myocardial infarction; NT-proBNP, N-terminal-pro-b-type natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; VAS, Visual Analog Scale.

Table 2. Biomarkers by BMI Category

Biomarker Overall (N=686)

Obesity Class

P ValueNonobese (N=346) Class I (N=147) Class II (N=86) Class III (N=107)

Baseline NT-proBNP, pg/mL 5782 (3011, 11 971) 8760 (4395, 15 125) 5289 (2641, 10 754) 3573 (2349, 7748) 3107 (1454, 5930) <0.001

NT-proBNP at 48 to 72 h, pg/mL 3022 (1183, 6623) 4209 (1975, 8938) 2699 (1116, 6270) 1797 (1038, 3882) 1115 (573, 3468) <0.001

Change in NT-proBNP at 48
to 72 h, pg/mL

�2187 (�5510, �727) �2959 (�7401, �1044) �2194 (�4836, �610) �1568 (�3070, �705) �1299 (�2993, �303) <0.001

Percent change in NT-proBNP
at 48 to 72 h, %

�47 (�68, �21) �46 (�66, �22) �46 (�69, �20) �51 (�72, �25) �54 (�69, �25) <0.001

BMI indicates body mass index; NT-proBNP, N-terminal-pro-b-type natriuretic peptide.
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was 180 days. For patients who did have a reduction in NT-
proBNP levels at 48 to 72 hours (n=604; 87.9%), unadjusted
analysis showed that the risk of all-cause death rates censored
at 180 days decreased as NT-proBNP decreased (unadjusted
HR, 0.93 per 1000 pg/mL decrease in NT-proBNP from
baseline; 95% confidence interval, 0.87, 0.98; P=0.014), though
this relationship was not statistically significant after

adjustment (P=0.41). Change in NT-proBNP levels at 48 to
72 hours was not associated with significant changes the rates
of primary end point or other secondary end points (Table 4).

Modifying Effect of BMI on NT-ProBNP
Relationship to Outcomes
Categorical BMI class did not modify the relationship between
baseline NT-proBNP and the end point of all-cause death rates
censored at 180 days (adjusted interaction, P=0.24; Table 5).
Specifically, the relationship observed between baseline NT-
proBNP and all-cause death rates censored at 180 days
(adjusted HR per doubling of baseline NT-proBNP, 1.40; 95%
confidence interval, 1.16, 1.71; P<0.001) did not differ with
respect to a patient’s WHO obesity class. There was also no
significant interaction when continuous BMI was used as the
interaction term.

Discussion
In this analysis, we found that patients within higher WHO
obesity classes had significantly lower baseline NT-proBNP
levels. Baseline NT-proBNP levels were significantly associated
with 180-day mortality. BMI class did not modify the prognostic
value of NT-proBNP on this outcome. Obesity was highly
prevalent in this study population, with 16% of patients
categorized as severely obese. Similar rates of severe obesity
were observed in an analysis using pooled data of 795 patients
from 3 acute HF clinical trials: (DOSE [Diuretic Strategies
Optimization Evaluation], CARRESS-HF [Cardiorenal Rescue
Study in Acute Decompensated Heart Failure], and ROSE [Renal
Optimization Strategies Evaluation in Acute Heart Failure]).18 In
our study, the high rate of severe obesity is particularly striking
given that the cohort consisted predominantly of patients with
reduced EF, as our analysis and others have shown that HF
patients with preserved EF tend to be more obese.18 The rise in
severe obesity underscores the relevance of understanding
how obesity may affect traditional signs, symptoms, laboratory
values, and biomarkers commonly used in the diagnosis and
prognosis of HF.

Our study supports the inverse relationship between
baseline BMI and NT-proBNP. Median levels of NT-proBNP
were >5500 pg/mL lower in patients with Class III obesity as
compared with nonobese patients. Multiple analyses have
reported similar findings.7,8,18 Mechanisms may include
increased clearance of natriuretic peptides attributed to
enzymes found in adipocytes and elevated glomerular filtra-
tion rates in the obese patient.19 It has been hypothesized
that the widely observed obesity paradox may be mediated by
reduced myocardial stretch, as evidenced by lower circulating
natriuretic peptides, and may be indicative of less-severe forms
of HF, though this remains controversial and not empirically

Figure 2. Percent change in NT-proBNP at 48/72 hours by BMI
class. Line represents median, box represents interquartile range
(IQR), upper bar represents 75% percentile+1.5 (IQR), lower bar
represents 25% percentile—1.5 (IQR), and dots represent outliers
included in this analysis. BMI indicates body mass index; NT-
proBNP, N-terminal-pro-b-type natriuretic peptide.

Figure 1. Baseline NT-proBNP by BMI class. Values of NT-
proBNP >50 000 (n=12) are excluded from plot area. Line
represents median, box represents interquartile range (IQR),
upper bar represents 75% percentile+1.5 (IQR), lower bar
represents 25% percentile—1.5 (IQR), and dots represent outliers
included in this analysis. BMI indicates body mass index; NT-
proBNP, N-terminal-pro-b-type natriuretic peptide.
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validated.20 Notably, whereas absolute 48 to 72 hours reduc-
tions in NT-proBNP were greater in nonobese patients, percent
reductions were similar across all obesity classes. Although
requiring further validation, our analysis suggests that serial NT-
proBNP levels to evaluate for adequate decongestion may still
be useful in the most obese patients.

Clinical Implications

Our study evaluated the complex relationship between NT-
proBNP, BMI, and outcomes. BNP and/or NT-proBNP is
affected by many variables, including age, sex, comorbidities,
and BMI.21 Our study finds that higher NT-proBNP levels are

Table 4. Outcomes by 48/72 Hours D in NT-proBNP

Clinical Outcome

Unadjusted Adjusted

OR for Increase/Decrease of 1000 pg/mL in
NT-proBNP (95% CI) P Value

OR for Increase/Decrease
of 1000 pg/mL in NT-proBNP (95% CI) P Value

Short-term outcomes

30-d death or HF-rehosp.*

D NT-proBNP ≤0 0.90 (0.84, 0.97) 0.007 0.95 (0.88, 1.02) 0.14

D NT-proBNP >0 0.97 (0.86, 1.10) 0.65 0.99 (0.87, 1.12) 0.86

30-d death or all-cause-rehosp.*

D NT-proBNP ≤0 0.92 (0.86, 0.97) 0.005 0.95 (0.90, 1.01) 0.13

D NT-proBNP >0 0.97 (0.88, 1.08) 0.64 0.98 (0.88, 1.10) 0.76

Worsening renal function†

D NT-proBNP ≤0 1.04 (0.96, 1.13) 0.38 1.04 (0.62, 1.14) 0.35

D NT-proBNP >0 1.05 (0.87, 1.27) 0.63 1.06 (0.88, 1.28) 0.54

Long-term outcomes
HR for increase/decrease of 1000 pg/mL
in NT-proBNP (95% CI) P Value

HR for increase/decrease
of 1000 pg/mL in NT-proBNP (95% CI) P Value

180-d death*

D NT-proBNP ≤0 0.93 (0.87, 0.98) 0.01 0.94 (0.88, 1.00) 0.04

D NT-proBNP >0 0.99 (0.92, 1.06) 0.76 0.95 (0.87, 1.03) 0.20

Analyses adjusted for prespecified variables found to be correlated with outcomes. All models include baseline NT-proBNP as a covariate. Hazard ratio (HR) and odds ratio (OR) estimate the
change in risk associated with an increase/decrease of 1000 pg/mL from the baseline value. The relationship between DNT-proBNP at 48 to 72 hours is nonlinear. Regression used piece-
wise linear splines with knot at DNT-proBNP=0. Thus, the linear relationship between delta NT-proBNP and clinical outcomes is modeled for patients with a decreased or no change in NT-
proBNP (D NT-proBNP ≤0) and those with increased NT-proBNP (D NT-proBNP >0) separately in the model. CI indicates confidence interval; HF, heart failure; NT-proBNP, N-terminal-pro-b-
type natriuretic peptide; rehosp., rehospitalization.
*Adjusted for region (North America or other), age, blood urea nitrogen (BUN), serum creatinine, serum sodium, chronic obstructive pulmonary disease, cerebrovascular disease,
depression, dyspnea, systolic blood pressure, elevated jugular venous pulsation at baseline, randomized treatment assignment, and HF hospitalization within 1 year.
†

Adjusted for randomized treatment assignment, BUN, systolic and diastolic blood pressures, and weight gain.

Table 3. Outcomes by Baseline NT-proBNP

Clinical Outcome

Unadjusted Adjusted

OR for BL NT-proBNP (95% CI) P Value OR for BL NT-proBNP (95% CI) P Value

Short-term outcomes

30-d death or HF-rehosp.* 1.19 (1.02, 1.39) 0.027 1.12 (0.93, 1.34) 0.25

30-d death or all-cause-rehosp.* 1.17 (1.03, 1.33) 0.015 1.07 (0.93, 1.25) 0.35

Worsening renal function† 1.02 (0.86, 1.22) 0.79 1.13 (0.93, 1.38) 0.22

Long-term outcomes HR for BL NT-proBNP (95% CI) P Value HR for BL NT-proBNP (95% CI) P Value

180-d death* 1.58 (1.36, 1.83) <0.001 1.40 (1.16, 1.71) <0.001

Analyses adjusted for prespecified variables found tobe correlatedwith outcomes.Hazard ratio (HR) andodds ratio (OR) estimate the change in risk associatedwithdoubling of the baseline value
based on a base-2 logarithm model. BL indicates baseline; CI, confidence interval; HF, heart failure; NT-proBNP, N-terminal-pro-b-type natriuretic peptide; rehosp., rehospitalization.
*Adjusted for region (North America or other), age, blood urea nitrogen (BUN), serum creatinine, serum sodium, chronic obstructive pulmonary disease, cerebrovascular disease,
depression, dyspnea, systolic blood pressure, elevated jugular venous pulsation at baseline, randomized treatment assignment, and heart failure hospitalization within 1 year.
†

Adjusted for randomized treatment assignment, BUN, systolic and diastolic blood pressures, and weight gain.
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associated with poor long-term posthospitalization mortality
levels, a finding consistently reflected across many studies.
Consequently, a number of studies have indicated that more-
obese patients have improved survival.22–25 Proposed
mechanisms for the protective role of obesity on HF
outcomes have included increased cardiac reserve and/or
less-severe forms of HF.26 Given (1) the inverse relationship
between NT-proBNP and BMI and (2) proposed mechanisms
that improved HF outcomes in more-obese patients are
observed in conjunction with lower NT-proBNP levels,
assessing whether BMI modifies the relationship between
NT-proBNP and outcomes by obesity class is important and
relevant.

Our study shows that whereas BMI changes the distribution
of NT-proBNP (ie, an inverse relationship between natriuretic
peptide and BMI), it does notmodify the prognostic significance
of NT-proBNP on post–acute HF outcomes. Patients with higher

NT-proBNP values had consistently worse long-term outcomes,
regardless of their obesity class. Our study does not refute the
presence of an obesity paradox, but rather suggests that a
higher NT-proBNP was a universally poor prognostic sign in HF
patients with no differential effect based on obesity class. Past
studies have sought to understand how the prognostic value of
NT-proBNP is modified by BMI in a number of scenarios, mostly
in chronic HF. Nadruz et al similarly found that higher NT-
proBNP levels correlated with greater rates of cardiovascular
death or HF hospitalization regardless of BMI.27 Horwich et al
found that BNP was a predictor of 1-year mortality independent
of BMI class.23 Another study of 618 chronic HF patients found
similar prognostic power of NT-proBNP irrespective of BMI
class.28 These studies focused exclusively on a chronic HF
cohort. Other analyses have assessed the interaction of BNP or
NT-proBNP and BMI on outcomes in other clinical settings. An
analysis of 12230 patients from the ARIC (Atherosclerosis Risk
in Communities) Study found that higher NT-proBNP levels
were associated with an increased risk of the development of
HF across all BMI classes.29 Krauser et al used the acute HF
model to assess interaction of BMI and NT-proBNP, but focused
on the diagnosis of HF, not overall clinical prognosis.30 A recent
analysis of the PROTECT (Placebo-Controlled Randomized
Study of the Selective A1 Adenosine Receptor Antagonist
Rolofylline for Patients Hospitalized With Acute Decompen-
sated Heart Failure and Volume Overload to Assess Treatment
Effect on Congestion and Renal Function) trial similarly found
no interaction between obesity class and BNP on 180-day
death.31 To our knowledge, this is the first investigation to
assess the effect modification of BMI on the prognostic utility
of NT-proBNP levels on clinical outcomes in an acute HF
population. Baseline and change in NT-proBNP levels have been
shown to be powerful prognostic factors in acute HF.32–34 With
the prevalence of obesity rising in North America, as evidenced
by 50% of patients in our study population categorized as obese
and 16% severely obese, our analysis provides evidence that
NT-proBNP testing during acute HF exacerbation remains
useful in patients with the highest or lowest BMIs.

Limitations
There are several limitations of the data that should be
acknowledged. First, this analysis was post hoc and is subject
to the biases of exploratory analyses. Furthermore, this analysis
utilized a biomarker substudy population from the original
ASCEND-HF study. The biomarker substudy was a nonrandom-
ized sample, and includes a fraction of the total patients
enrolled in ASCEND-HF, and therefore may be underpowered
with respect to the interaction analysis and results should be
viewed as hypothesis generating. Our analysis excluded
patients with low NT-proBNP levels (<125 pg/mL for subjects
aged <75 years; <425 pg/mL for subjects aged ≥75 years).

Table 5. Interaction Between BMI Class and NT-proBNP

Clinical Outcome

Unadjusted
Interaction
P Value

Adjusted
Interaction
P Value

Baseline NT-proBNP

30-d death or HF-rehosp.* 0.63 0.64

30-d death or all-cause-rehosp.* 0.48 0.48

Worsening renal function† 0.34 0.24

180-d death* 0.42 0.24

48/72 h D in NT-proBNP

30-d death or HF-rehosp.*

D NT-proBNP ≤0 0.72 0.88

D NT-proBNP >0 0.16 0.54

30-d death or all-cause-rehosp.*

D NT-proBNP ≤0 0.64 0.90

D NT-proBNP >0 0.11 0.25

Worsening renal function†

D NT-proBNP ≤0 0.44 0.27

D NT-proBNP >0 0.59 0.75

180-d death*

D NT-proBNP ≤0 0.93 0.77

D NT-proBNP >0 0.26 0.72

Analyses adjusted for prespecified variables found to be correlated with outcomes.
Nonobese: BMI <30 kg/m2, Class I obesity: BMI 30 to 34.9 kg/m2, Class II obesity BMI
35 to 39.9 kg/m2, and Class III obesity BMI ≥40 kg/m2. BMI indicates body mass index;
HF, heart failure; NT-proBNP, N-terminal-pro-b-type natriuretic peptide; rehosp.,
rehospitalization.
*Adjusted for region (North America or other), age, blood urea nitrogen (BUN), serum
creatinine, serum sodium, chronic obstructive pulmonary disease, cerebrovascular
disease, depression, dyspnea, systolic blood pressure, elevated jugular venous pulsation
at baseline, randomized treatment assignment, and HF hospitalization within 1 year.
†

Adjusted for randomized treatment assignment, BUN, systolic and diastolic blood
pressures, and weight gain.
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Patients with HF with preserved EF have been shown to have
significantly lower natriuretic peptide levels, even during acute
decompensation, which may have skewed our analysis to a
more-reduced EF cohort.38 In addition, because of high
missingness (>20% of patients) of EF measurements within
the data, EF was not included as a covariate in the adjustment
models, placing the results at risk for confounding.

Findings in our analyses are subject to risk of other
residual confounding. Because we used covariates previously
identified as associated with outcomes in other ASCEND-HF
analyses, we may not have included potential covariates
which could affect the results. The evidence for the effect of
race and sex on NT-proBNP as a useful prognostic tool in HF is
unclear and conflicting35; a substudy of the Dallas Heart
Study36 found that whites had higher NT-proBNP levels as
compared with blacks and Hispanics whereas a Get With the
Guidelines analysis found contradictory results.37 For exam-
ple, findings of increased rates of peripheral edema and
orthopnea in more-obese patients may be attributed to
confounding factors, such as venous stasis, obstructive sleep
apnea, and right heart dysfunction observed in higher
prevalence among obese patients. It can be conceived that
the 48 to 72 NT-proBNP data assessment may be too early in
the decongestion process and is therefore not reflective of full
decongestion. Although this is plausible, greater than 40%
reductions in NT-proBNP were noted across all BMI classes. A
recent meta-analysis found that >30% reductions in NT-
proBNP levels are suggestive of adequate decongestion and
reduced all-cause and cardiovascular mortality.39

Conclusion
In conclusion, whereas patients in higher obesity classes were
generally younger and had more comorbid conditions, they
were generally well balanced with respect to adherence to
guideline-based therapies. Patients within higher obesity
classes had lower baseline NT-proBNP levels, though percent
reductions with decongestion at 48 to 72 hours did not
significantly differ. In an acute HF cohort, baseline NT-proBNP
levels were strongly associated with the long-term outcome of
180-day death. BMI did not modify the relationship of NT-
proBNP on the primary and secondary outcomes. Given the
rapidly rising prevalence of obesity, additional studies are
needed to assess the impact of obesity on the prognostic utility
of biomarkers in HF.
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Table S1. Comparison of Baseline Characteristics between Biomarker Cohort and Other ASCEND-HF patients 

in the Intention to Treat Population. 

 Cardiac Markers Cohort  

Characteristic 

All Patients 

(N=7141) 

Excluded 

(N=6456) 

In-Cohort 

(N=687) 

P-

Value 

Patient Characteristics      

Age, yrs (median, 25th-75th) 67 (56-76) [7141] 67 (56-76) [6454] 67 (55-78) [687] 0.41 

Female Sex 4697/7141 (65.8%) 4210/6454 (65.2%) 487/687 (70.9%) 0.003 

Race    <0.001 

White 3989/7140 (55.9%) 3516/6453 (54.5%) 473/687 (68.9%)  

Black 1077/7140 (15.1%) 884/6453 (13.7%) 193/687 (28.1%)  

Asian 1767/7140 (24.7%) 1758/6453 (27.2%) 9/687 (1.3%)  

Other 307/7140 (4.3%) 295/6453 (4.6%) 12/687 (1.7%)  

Region    <0.001 

Asia-Pacific 1762/7141 (24.7%) 1761/6454 (27.3%) 1/687 (0.1%)  

Central Europe 967/7141 (13.5%) 936/6454 (14.5%) 31/687 (4.5%)  

Latin America 665/7141 (9.3%) 647/6454 (10.0%) 18/687 (2.6%)  

North America 3243/7141 (45.4%) 2635/6454 (40.8%) 608/687 (88.5%)  

Western Europe 504/7141 (7.1%) 475/6454 (7.4%) 29/687 (4.2%)  

BMI, kg/m^2 (median, 25th-75th) 28 (24-33) [7077] 27 (24-32) [6391] 30 (26-36) [686] <0.001 

Weight, kg (median, 25th-75th) 78 (64-95) [7139] 77 (64-93) [6452] 89 (74-107) [687] <0.001 

Systolic BP, mmHg (median, 25th-

75th) 

123 (110-140) [7141] 123 (110-140) 

[6454] 

125 (111-140) 

[687] 

0.30 

Diastolic BP, mmHg (median, 25th-

75th) 

74 (66-83) [7140] 75 (67-83) [6454] 72 (64-83) [686] 0.005 

Heart Rate, bpm (median, 25th-75th) 82 (72-95) [7140] 82 (72-95) [6453] 78 (70-89) [687] <0.001 

Smoking Status    <0.001 

Current Smoker 963/7138 (13.5%) 865/6451 (13.4%) 98/687 (14.3%)  

Former Smoker 2537/7138 (35.5%) 2221/6451 (34.4%) 316/687 (46.0%)  

Never Smoker 3638/7138 (51.0%) 3365/6451 (52.2%) 273/687 (39.7%)  

Alcohol Use 641/7142 (9.0%) 560/6455 (8.7%) 81/687 (11.8%) 0.007 

Patient Status      

HF Hospitalization within prior year 2785/7134 (39.0%) 2502/6448 (38.8%) 283/686 (41.3%) 0.21 

Ischemic Etiology 4293/7140 (60.1%) 3869/6453 (60.0%) 424/687 (61.7%) 0.37 

Ejection Fraction, % (median, 25th-

75th) 

30 (20-37) [5477] 30 (20-36) [4920] 26 (20-40) [557] 0.023 

EF >= 50 661/5477 (12.1%) 574/4920 (11.7%) 87/557 (15.6%) 0.007 

Trop I > ULN 635/2672 (23.8%) 557/2333 (23.9%) 78/339 (23.0%) 0.73 



 

 Cardiac Markers Cohort  

Characteristic 

All Patients 

(N=7141) 

Excluded 

(N=6456) 

In-Cohort 

(N=687) 

P-

Value 

NYHA Class    0.002 

I 255/5893 (4.3%) 225/5401 (4.2%) 30/492 (6.1%)  

II 1098/5893 (18.6%) 989/5401 (18.3%) 109/492 (22.2%)  

III 2853/5893 (48.4%) 2610/5401 (48.3%) 243/492 (49.4%)  

IV 1687/5893 (28.6%) 1577/5401 (29.2%) 110/492 (22.4%)  

Hx of Myocardial Infarction 2490/7140 (34.9%) 2240/6453 (34.7%) 250/687 (36.4%) 0.38 

Patient History      

Hx of Hypertension 5150/7141 (72.1%) 4613/6454 (71.5%) 537/687 (78.2%) <0.001 

Hx of Diabetes 3046/7141 (42.7%) 2714/6454 (42.1%) 332/687 (48.3%) 0.002 

Atrial Fibrillation or Flutter 2674/7141 (37.4%) 2396/6454 (37.1%) 278/687 (40.5%) 0.085 

Ventricular Tachycardia 638/7141 (8.9%) 541/6454 (8.4%) 97/687 (14.1%) <0.001 

Hx of Hyperlipidemia 2985/7140 (41.8%) 2538/6453 (39.3%) 447/687 (65.1%) <0.001 

Hx of Cerebrovascular Dz (incl 

Stroke) 

842/7141 (11.8%) 740/6454 (11.5%) 102/687 (14.8%) 0.009 

Hx of PVD 740/7141 (10.4%) 664/6454 (10.3%) 76/687 (11.1%) 0.53 

Hx of Chronic Respiratory Disease 

(incl COPD) 

1178/7140 (16.5%) 1015/6454 (15.7%) 163/686 (23.8%) <0.001 

Prior Valve Surgery 333/7143 (4.7%) 297/6456 (4.6%) 36/687 (5.2%) 0.45 

Prior PCI 1169/7133 (16.4%) 1016/6448 (15.8%) 153/685 (22.3%) <0.001 

Prior CABG 1316/7141 (18.4%) 1121/6454 (17.4%) 195/687 (28.4%) <0.001 

Coronary Artery Disease 3904/7139 (54.7%) 3495/6452 (54.2%) 409/687 (59.5%) 0.007 

Cancer within the prior 5 years 272/7141 (3.8%) 236/6454 (3.7%) 36/687 (5.2%) 0.039 

Chronic Liver Disease 190/7141 (2.7%) 169/6454 (2.6%) 21/687 (3.1%) 0.50 

Hx Dialysis 75/7141 (1.1%) 61/6454 (0.9%) 14/687 (2.0%) 0.008 

Patient Labs      

Sodium, mmol/L (median, 25th-75th) 139 (136-141) [6682] 139 (136-141) 

[6028] 

139 (136-141) 

[654] 

0.11 

Creatinine, mg/dL (median, 25th-

75th) 

1.2 (1.0-1.6) [6762] 1.2 (1.0-1.6) [6101] 1.3 (1.0-1.7) [661] <0.001 

Blood Urea Nitrogen, mg/dL 

(median, 25th-75th) 

25 (18-39) [6595] 26 (18-39) [5942] 24 (18-35) [653] 0.034 

HGB, g/dL (median, 25th-75th) 12.7 (11.3-14.0) [6592] 12.7 (11.3-14.1) 

[5936] 

12.5 (11.1-13.7) 

[656] 

<0.001 

Patient Meds - Pre-Randomization      

ACE-i or ARB 4340/7139 (60.8%) 3905/6452 (60.5%) 435/687 (63.3%) 0.15 

Beta Blocker 4158/7139 (58.2%) 3633/6452 (56.3%) 525/687 (76.4%) <0.001 



 

 Cardiac Markers Cohort  

Characteristic 

All Patients 

(N=7141) 

Excluded 

(N=6456) 

In-Cohort 

(N=687) 

P-

Value 

Aldosterone Antagonists 1992/7140 (27.9%) 1827/6453 (28.3%) 165/687 (24.0%) 0.017 

Oral or Topical Nitrates 1681/7140 (23.5%) 1511/6453 (23.4%) 170/687 (24.7%) 0.44 

Digoxin or Digitalis Glycoside 1895/7139 (26.5%) 1756/6452 (27.2%) 139/687 (20.2%) <0.001 

Hydralazine 532/7140 (7.5%) 434/6453 (6.7%) 98/687 (14.3%) <0.001 

Calcium Channel Blocker 923/7140 (12.9%) 816/6453 (12.6%) 107/687 (15.6%) 0.030 

Aspirin 3507/7140 (49.1%) 3103/6453 (48.1%) 404/687 (58.8%) <0.001 

Loop Diuretic  6788/7138 (95.1%) 6116/6451 (94.8%) 672/687 (97.8%) <0.001 

Clopidogrel 1142/7140 (16.0%) 1036/6453 (16.1%) 106/687 (15.4%) 0.67 

Anticoagulant 1722/7140 (24.1%) 1491/6453 (23.1%) 231/687 (33.6%) <0.001 

Patient Implant/Rhythm      

Implantable Cardioverter 

Defibrillator 

1163/7141 (16.3%) 946/6454 (14.7%) 217/687 (31.6%) <0.001 

Biventricular Pacemaker (CRT) 640/7141 (9.0%) 523/6454 (8.1%) 117/687 (17.0%) <0.001 

Pacemaker 440/7141 (6.2%) 395/6454 (6.1%) 45/687 (6.6%) 0.66 

Patient Quality of Life      

EQ5D -VAS (median, 25th-75th) 0.60 (0.33-0.78) [6771] 0.60 (0.33-0.78) 

[6105] 

0.71 (0.51-0.82) 

[666] 

<0.001 

Depression treated with Meds 562/7141 (7.9%) 458/6454 (7.1%) 104/687 (15.1%) <0.001 

Patient Biomarkers      

NTproBNP, pg/mL (median, 25th-

75th) [n] 

4501 (2098-9177) [3817] 4540 (2110-9200) 

[3587] 

3801 (1875-8117) 

[230] 

 

BNP, pg/mL (median, 25th-75th) [n] 990 (544-1850) [2632] 977 (528-1830) 

[2206] 

1115 (633-1923) 

[426] 

 

Baseline NTproBNP, from biomarker 

data 

5791 (3011-11971) [687] . (.-.) [0] 5791 (3011-11971) 

[687] 

 

NTproBNP at 48-72 Hours, from 

biomarker data 

3029 (1187-6645) [684] . (.-.) [0] 3029 (1187-6645) 

[684] 

 

Change in NTproBNP at 48-72h, 

from biomarker data 

-2182 (-5468--725) [684] . (.-.) [0] -2182 (-5468--725) 

[684] 

 

Symptoms at Randomization      

Dyspnea    <0.001 

At Rest 4415/7140 (61.8%) 4031/6453 (62.5%) 384/687 (55.9%)  

With Minimal Activity 2725/7140 (38.2%) 2422/6453 (37.5%) 303/687 (44.1%)  

 Orthopnea 5485/7132 (76.9%) 4925/6445 (76.4%) 560/687 (81.5%) 0.003 

Nocturnal Dyspnea 4449/7126 (62.4%) 4029/6439 (62.6%) 420/687 (61.1%) 0.46 

Weight Gain 4673/7118 (65.7%) 4168/6432 (64.8%) 505/686 (73.6%) <0.001 



 

 Cardiac Markers Cohort  

Characteristic 

All Patients 

(N=7141) 

Excluded 

(N=6456) 

In-Cohort 

(N=687) 

P-

Value 

Pulmonary Congestion / Edema w 

rales/crackles 

6201/7136 (86.9%) 5655/6449 (87.7%) 546/687 (79.5%) <0.001 

X-ray indicating pulm cong 5206/6419 (81.1%) 4714/5768 (81.7%) 492/651 (75.6%) <0.001 

Peripheral Edema 5330/7140 (74.6%) 4775/6453 (74.0%) 555/687 (80.8%) <0.001 

Elevated JVP 4003/7136 (56.1%) 3589/6449 (55.7%) 414/687 (60.3%) 0.021 

S3 Gallop 1668/7136 (23.4%) 1514/6449 (23.5%) 154/687 (22.4%) 0.53 

MV Regurg 1927/7136 (27.0%) 1754/6449 (27.2%) 173/687 (25.2%) 0.26 

 

Abbreviations:  

 

BMI = body mass index 

BP = blood pressure 

HF = heart failure 

EF= ejection fraction 

Trop I = troponin I 

ULN = upper limit of normal 

NYHA = New York Heart Association 

PVD = peripheral vascular disease 

PCI – percutaneous coronary intervention 

CABG = coronary artery bypass grafting 

HGB= hemoglobin 

ACEI = angiotensin converting enzyme inhibitor 

ARB = angiotensin receptor blocker 

EQ5D = EuroQol-5 Dimensions survey 

VAS = Visual Analog scale 

JVP = jugular venous pulsation 

MV = mitral valve 

 

 

  



 

Table S2. Event Rates by Obesity Class. 

 

 

 Obesity Class 

Outcomes 

Overall 

(N=686) 

Non-

Obese 

(N=346) 

Class I 

(N=147) 

Class II 

(N=86) 

Class III 

(N=107) 

30-Day Death or HF-Rehosp. 86 42 17 9 18 

30-Day Death or All Cause-

Rehosp. 
141 73 26 12 30 

Worsening Renal Function  65 29 11 13 12 

180-Day Death 78 53 9 7 9 


