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Objectives: N-terminal pro brain natriuretic peptide (NT-proBNP) is a biomarker for myocardial stress that is used in
diagnosing and prognosticating heart failure (HF). However, its interpretation is complicated by clinical factors. This
study aims to clarify the prognostic value of NT-proBNP in patients with heart failure with preserved ejection fraction
(HFpEF), and risk-prediction cutoffs considering various clinical factors.

Methods: The study used data from the prospective, multicenter, observational Asian HFpEF registry. Patients with
acute decompensated HF and left ventricular ejection fraction � 50% were included. NT-proBNP levels were mea-
sured at discharge. The primary endpoint was a composite of all-cause death and hospitalization due to HF within 1
year after discharge.

Results: A total of 1231 patients (83 [77�87] years old, 551 [45%] male) were enrolled, and 916 eligible patients were
analyzed. The median NT-proBNP level was 1060 pg/m. In a multivariable logistic regression model, NT-proBNP was
significantly associated with the primary endpoint (adjusted OR for log-transformed NT-proBNP: 2.71, 95% CI:
1.78�4.18; P < 0.001). Subgroup analysis revealed varying NT-proBNP distributions and differential safety cutoffs
(329�929 pg/mL) at sensitivity of 0.8 based on factors such as atrial fibrillation and chronic kidney disease, maintaining
its discriminatory performance (area under the curve: 0.587�0.734).

Conclusions: NT-proBNP levels at discharge are a significant prognostic marker for HFpEF. Although NT-proBNP lev-
els showed different distributions in various subgroups, and cutoff values were distinctive for each, the prognostic util-
ity was found to be equivalent in almost all subgroups and had similar moderate discriminative performance. The
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study highlights the necessity of personalized NT-proBNP cutoffs for better management of and prognostication for
patients with HFpEF. (J Cardiac Fail 2025;31:771�780)

Key Words: HFpEF, acute heart failure, biomarker, NT-proBNP.
© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/)
Introduction

N-terminal pro brain natriuretic peptide (NT-proBNP) lev-
els are reliably measured in clinical practice as biomarkers
reflecting myocardial stress, and they have been used for
the diagnosis of heart failure (HF), understanding the sta-
tus and predicting the prognoses of patients with HF with
both reduced and preserved ejection fraction (HFrEF and
HFpEF).1�3 However, it has been reported that NT-
proBNP levels are confounded by clinical indicators, such
as age, body mass index (BMI), cardiac hypertrophy, atrial
fibrillation (AF), and estimated glomerular filtration rate
(eGFR).4�6 Because of the variance in NT-proBNP levels
influenced by these factors, clinicians often find difficulty
in interpreting the value of NT-proBNP.

A study from the BIOS (Biomarkers In Heart Failure Out-
patient Study) consortium tested the prognostic role of
NT-proBNP levels stratified by BMI.7 In the study, lower
optimal risk-prediction cutoffs were observed in obese
patients. Similarly, it is highly probable that several clinical
factors, such as AF and chronic kidney disease (CKD),
influence the optimal risk-prediction cutoffs of NT-
proBNP. However, the optimal risk-prediction cutoffs of
NT-proBNP, considering such influencing factors, have
not been well investigated to date. Furthermore, HFpEF
has multifactorial pathophysiology, which further compli-
cates the utility of NT-proBNP in our clinical practice.8

The objectives of this study were: (1) to examine the
prognostic impact of NT-proBNP levels in patients with
HFpEF; and (2) to examine differences in the distribution
of NT-proBNP and the risk-prediction cutoff values of NT-
proBNP in various subgroups of patients with HFpEF.
Methods

Study Subjects
Patients’ data were obtained from the prospective multi-
center observational study of Asian patients with HFpEF.
In the study, patients aged � 20 years who were hospital-
ized due to acute decompensated HF (ADHF) with pre-
served left ventricular ejection fraction � 50%, as
measured by echocardiography on admission, were regis-
tered. ADHF was diagnosed on the basis of the Framing-
ham heart failure criteria, and NT-proBNP � 400pg/mL or
brain natriuretic peptide � 100pg/mL according to labo-
ratory data on admission. Details of inclusion and exclu-
sion criteria are summarized in Supplementary Table 1.
Between June 2016 and February 2022, 1231 patients
were enrolled. In this study, we excluded patients with in-
hospital death, those on dialysis, those with missing sur-
vival data, those with planned follow-up not yet achieved,
and those with missing NT-proBNP data. The study was
conducted in compliance with the ethical principles stated
in the Declaration of Helsinki, and the study protocol was
approved by the ethics committees of all participating
hospitals. All patients provided written informed consent
before participating in the study.

Data Collection
We collected data including detailed medical histories,
comorbidities, clinical frailty scales, New York Heart Asso-
ciation classes, laboratory data, and transthoracic echocar-
diographic data. The clinical frailty scale was assessed on
admission. New York Heart Association class data, labora-
tory data and transthoracic echocardiographic data were
obtained at discharge. Details are described in the Sup-
plementary Appendix.

Measurement of NT-proBNP Levels
We measured NT-proBNP levels after stabilization of HF
status at discharge. Venous blood was collected into an
ethylene diamine tetra-acetic acid anticoagulation tube
and processed immediately after sampling. The tests
were performed in a local laboratory that used the Elecsys
NT-proBNP assay (Roche, Mannheim, Germany).

Clinical Endpoints
The primary endpoint of this study was a composite of all-
cause death and hospitalization due to HF within 1 year
after discharge. After discharge, enrolled patients were
followed-up at the out-patient clinic in each hospital. Clini-
cal follow-up data were obtained either by direct contact
with patients or by telephone or e-mail contact with their
families.

Statistical Analysis
All statistical analyses were performed using R software
(version 4.3.1; R Foundation for Statistical Computing,
Vienna, Austria). A P value of< 0.05 was considered statis-
tically significant. The following information is a brief
description; details are shown in the Supplementary
Appendix.

Data are presented using complete case analyses. Cate-
gorical variables are expressed as counts (percentages)

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


SAKAMOTO et al � Prognostic Utility and Cutoff Differences in NT-proBNP Levels Across Subgroups 773
and compared with the x2 test or the Fisher exact test.
Continuous variables are expressed as mean (SD) or
median (interquartile range) and are compared using the
Student t test, the Mann-Whitney U test or the Kruskal-
Wallis test, as appropriate. The normality of distribution of
continuous data was assessed using Q-Q plots with 95%
confidence intervals (CIs).

Logistic regression models were used to analyze the
prognostic impact of NT-proBNP levels by calculating the
univariable and multivariable-adjusted odds ratios (ORs)
and 95% CI. Both spline and linear models were consid-
ered (Supplementary Fig. 1). Details of the model selec-
tion process are provided in the Supplementary
Appendix. We ultimately adopted the linear model in the
logistic regression model. Covariates in the multivariable
logistic regression model are listed in Supplementary
Table 2. These covariates were selected based on previ-
ous findings.8 The variance inflation factors for all inde-
pendent variables were below 2, indicating the absence
of multicollinearity. In the multivariable model, to evaluate
the impact of potential confounders, we incrementally
adjusted for all covariates, adding them 1 by 1 to the uni-
variable model and assessing the change in the OR of
log-transformed NT-proBNP levels. Subsequently, a fully
adjusted model incorporating all covariates simulta-
neously was constructed to evaluate the independent
effect of NT-proBNP levels.

Multiple linear regression analysis was used to identify
correlates of log-transformed NT-proBNP levels with clini-
cal factors, aiming to explore the mechanisms underlying
the elevation of NT-proBNP levels. Variables in the multi-
variable linear regression model are listed in Supplemen-
tary Table 3. These variables were selected based on
clinical consensus and the previous findings.4,5 The vari-
ance inflation factors for all independent variables were
below 2, indicating the absence of multicollinearity.

We stratified the study population into subgroups
according to age, sex, BMI, history of AF, history of diabe-
tes, history of hypertension, eGFR, left ventricular mass
index (LVMI), and tricuspid annular plane systolic excur-
sion (TAPSE). The distribution of NT-proBNP levels was
compared across subgroups. The criteria for stratification
were based on consensus from previous reports and
established guidelines.9�12 To assess the predictive value
of NT-proBNP lvels in various subgroups of people with
HFpEF, we used the AUC of ROC curves. In this study, we
aimed to propose a reference value that acts as a safety
threshold to prevent adverse events, and we examined
differences in cutoffs among subgroups. Therefore, we
have defined a clinically safe cutoff to prevent death and
rehospitalization due HF by using a sensitivity of 0.8. This
safety cutoff was decided based on the consensus of our
research team, considering the clinical significance. We
also computed the corresponding specificity, positive pre-
dictive value and negative predictive value, as well. To
evaluate the generalizability of this safety cutoff, we
conducted cross-validation. Details are described in the
Supplementary Appendix. To assess the difference and its
95% CI in the safety cutoffs among subgroups, the boot-
strap method was employed (bias corrected and acceler-
ated percentile method, n = 1000). Additionally, we
examined cutoff values at sensitivities of 0.7 and 0.9, clos-
est to the top left corner of the ROC curve, as reference
values. In each subgroup, the primary endpoint was
assessed according to the stratification of each cutoff in a
time-to-first-event fashion by using the Kaplan-Meier
method and was compared by using the log-rank test.
Results

Baseline Patient Characteristics
A total of 1231 patients were enrolled in this HFpEF study
(83 [77, 87] years, 551 [45%] male). Of the overall cohort,
916 patients were analyzed to assess the prognostic value
of NT-proBNP levels (Fig. 1). Patients’ baseline character-
istics are shown in Table 1. The Q-Q plots for continuous
variables are shown in Supplementary Fig. 2. The median
level of NT-proBNP levels was 1060 [475, 2348] pg/mL.
The clinical characteristics of patients included and those
excluded due to missing NT-proBNP data are summarized
in Supplementary Table 4.
The Prognostic Impact of NT-proBNP
The mean follow-up duration was 2.2 § 1.3 years. The pri-
mary endpoint occurred in 261 patients within 1 year (all-
cause death, 104 patients; and hospitalization for HF, 191
patients). Details regarding the causes of death are sum-
marized Supplementary Fig. 3.

In univariable analysis, NT-proBNP levels were signifi-
cantly associated with the primary endpoint (OR for log-
transformed NT-proBNP; 3.70, 95% CI: 2.68�5.16; P <

0.001). When adjusted for cholinesterase, the OR of log-
transformed NT-proBNP levels decreased the most
(adjusted OR for log-transformed NT-proBNP 2.98, 95%
CI: 2.13�4.22; P < 0.001) (Supplementary Table 5).
Although the risk estimate decreased, NT-proBNP levels
remained an independent predictor of the primary end-
point, even after fully adjusting for all covariates (adjusted
OR for log-transformed NT-proBNP: 2.71, 95% CI:
1.78�4.18; P < 0.001) (Table 2).
Correlates of NT-proBNP Levels With Clinical Factors
Correlates of NT-proBNP levels are shown in Table 3. AF,
log-transformed C-reactive protein, LVMI, and TRPG (tri-
cuspid regurgitation pressure gradient) were positively
associated with NT-proBNP levels, and BMI, eGFR, albu-
min, cholinesterase, and TAPSE were negatively associ-
ated.



Fig. 1. Patients’ flowchart.
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Differential Distribution of NT-proBNP Levels in
Subgroups of HFpEF
Fig. 2 illustrates histograms showing the distribution of
NT-proBNP levels in various subgroups divided by hospi-
tal discharge data. The levels of NT-proBNP were signifi-
cantly different according to age, BMI, history of AF,
eGFR, LVMI, and TAPSE. On the other hand, there were
no significant differences in sex and comorbidities, such
as diabetes and hypertension.
Discriminative Power of NT-proBNP and Safety
Cutoffs in Various Subgroups of Patients With HFpEF
The AUC (95% CI) for NT-proBNP levels in various sub-
groups are shown in Fig. 3. In almost all subgroups, NT-
proBNP levels had moderate to fair discriminatory power
(ranging from 0.60�0.80) for the primary endpoint,
although the safety cutoffs varied. In the cross-validation
process, the safety cutoff was confirmed to be reasonably
consistent across the entire dataset (Supplementary Table
6). The cutoff values at sensitivities of 0.7, 0.9 and closest
to the top left corner of the ROC curve are shown in Sup-
plementary Fig. 4. The Kaplan-Meier analysis revealed
that in almost all subgroups, each safety cutoff of NT-
proBNP levels successfully stratified the patients (Fig. 4).
Discussion

The main findings of the present study can be summarized
as follows: (1) NT-proBNP levels at discharge were associ-
ated with the prognoses of patients with HFpEF; and (2)
when patients with HFpEF were divided into various sub-
groups stratified by age, sex, BMI, and comorbidities such
as AF and CKD, the prognostic power of NT-proBNP lev-
els was preserved for almost all subgroups, whereas the
safety cutoffs of NT-proBNP differed by subgroups.
Prognostic Utility of NT-proBNP
In clinical practice, it is often difficult to predict precisely the
prognoses of patients with HFpEF, because patients with
HFpEF have, in general, a complex combination of various
pathological conditions, including both cardiac and extra-
cardiac stress. In our analysis, when adjusting for cholines-
terase, the OR for log-transformed NT-proBNP levels sub-
stantially decreased from 3.70 to 2.98. Although high NT-
proBNP levels basically reflect cardiac burden, low cholin-
esterase levels mainly reflect extra-cardiac burdens, such as
malnutrition and inflammation. Low cholinesterase levels
are significantly associated with poor prognosis in HFpEF.13

This suggests that the prognosis in HFpEF is influenced not
only by cardiac burden but also by extra-cardiac burdens,
such as malnutrition and inflammation. The association
between NT-proBNP levels and prognosis for patients with
HFpEF, after adjusting every covariate, including extra-car-
diac factors, is of great importance.

Additionally, in the analysis of the correlation between
NT-proBNP levels and clinical factors (Table 3), NT-
proBNP levels independently correlated not only with car-
diac factors such as tricuspid regurgitation pressure gradi-
ent and TAPSE but also with extra-cardiac factors,
including nutritional indicators such as BMI and albumin,
as well as inflammation, anemia and renal dysfunction.
NT-proBNP levels could capture comprehensively compli-
cated pathophysiological conditions, including cardiac
and extra-cardiac burdens, and could have prognostic sig-
nificance in HFpEF.
Subgroup-specific Distribution of NT-proBNP
Several reports have been published concerning the dif-
ferential distribution of NT-proBNP levels in subgroups of
patients with HF. NT-proBNP levels are elevated in elderly
patients and in those with lupus, CKD and/or AF.4,5,7 In
our study, elderly patients, those underweight, those with



Table 1 Patients’ backgrounds

Characteristics All Patients (n = 916) Data Missing (%)

Age (years) 83 [77, 87] 0

Male sex 404 (44.1) 0

Body mass index (kg/m2) at hospital

discharge

21.5 [19.0, 24.3] 0.7

NYHA evaluated at hospital

discharge

1.1

Ⅰ 309 (34.1)

Ⅱ 529 (58.4)

Ⅲ 64 (7.1)

Ⅳ 4 (0.4)

Clinical frailty scale � 5 evaluated at

hospital admission

261 (28.6) 0.2

Worsening Reasons for Heart Failure

Too much intake 252 (27.5) 0

Poor drug compliance 62 (6.8) 0

Physical fatigue 84 (9.2) 0

Infection 162 (17.7) 0

Arrythmia 246 (26.9) 0

Ischemia 25 (2.7) 0

Poor blood pressure control 134 (14.6) 0

Medical History

Atrial fibrillation 470 (51.3) 0

Myocardial infarction 62 (6.9) 1.4

Hypertension 773 (84.6) 0.2

Diabetes mellitus 300 (33.0) 0.8

COPD 67 (7.7) 4.5

Medication at Hospital Discharge

ACE-i/ARBs 487 (53.2) 0

Beta-blockers 497 (54.3) 0

Diuretics 767 (83.7) 0

MRA 372 (40.6) 0

SGLT2-inhibitors 54 (5.9) 0.1

Laboratory Data at Hospital

Discharge

Albumin (g/dL) 3.4 [3.1, 3.7] 0.8

Hemoglobin (g/dL) 11.3 [10.1, 12.7] 0

Sodium (mEq/L) 140 [137, 141] 0.1

Potassium (mEq/L) 4.3 [3.9, 4.6] 0

Chloride (mEq/L) 103 [100, 106] 0.7

eGFR (mL/min/1.73m2) 41.7 [30.3, 54.7] 0.1

eGFR � 60 159 (17.4)

60> eGFR � 30 533 (58.3)

30> eGFR 223 (24.4)

NT-proBNP (pg/mL) 1060 [475, 2348] 0

Cholinesterase (U/L) 207 [170, 254] 9.1

C-reactive protein (mg/dL) 0.3 [0.1, 0.8] 0.4

Echocardiography at Hospital

Discharge

LVDd (mm) 46 [41, 50] 2.5

LVEF (%) 61 [56, 66] 10.8

LAVI (mL/m2) 50 [37, 65] 13.1

LVMI (g/m2) 102 [84, 124] 3.1

TAPSE (mm) 17.3 [14.7, 20.2] 10.5

Mean E/e’ 12.5 [9.6, 16.7] 10

TRPG (mmHg) 27 [22, 33] 9.7

Data are shown as median [interquartile range] or number (percentage).
ACE-i, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor

blocker; COPD, chronic obstructive pulmonary disease; E, early diastolic velocity
on transmitral doppler; e’, early diastolic velocity of the mitral valve annulus; eGFR,
estimated glomerular filtration rate; LAVI, left atrial volume index; LVEF, left ventric-
ular ejection fraction; LVDd, left ventricular diastolic diameter; LVMI, left ventricular
mass index; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal
pro-brain natriuretic peptide; NYHA, New York Heart Association; SGLT2 inhibitors,
sodium glucose cotransporter2 inhibitor; TAPSE, tricuspid annular plane systolic
excursion; TRPG, tricuspid regurgitation pressure gradient.
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AF, CKD, cardiac hypertrophy, and/or right heart dysfunc-
tion had significantly higher NT-proBNP levels, which is in
line with previous findings.4,5,7 On the other hand, differ-
ential optimal risk-prediction cutoffs of NT-proBNP levels
were reported only in the BIOS study. That study
(n = 12,763) tested the prognostic role of NT-proBNP lev-
els stratified by BMI.7 NT-proBNP levels inversely corre-
lated with BMI. The best cutoffs of NT-proBNP levels for
5-year all-cause death prediction were lower as BMI
increased (3785 ng/L, 2193 ng/L, 1554 ng/L, 1045 ng/L,
755 ng/L, and 879 ng/L, for underweight, normal weight,
overweight, and mildly, moderately and severely obese
patients, respectively). Although the study provided
important insights into the practical use of NT-proBNP
levels, there remains a large evidence gap in this topic.
First, the BIOS study included mainly patients with HFrEF
(76%). The applicability of the findings to those with
HFpEF may be limited. It is known that patients with
HFpEF show lower NT-proBNP levels than patients with
HFrEF.3 Second, the Asian patients with HFpEF were criti-
cally different from those in the United States and Europe
in terms of body weight. The median BMI in our cohort
Table 2 Prognostic impact of NT-proBNP

OR (95%CI) P value

Univariable logistic regression analysis
Log-transformed NT-proBNP (pg/mL) 3.70 (2.68-5.16) <0.001
Multivariable logistic regression model
Log-transformed NT-proBNP (pg/mL) 2.71 (1.78-4.18) <0.001

CI, confidence interval; NT-proBNP, N-terminal pro-brain natriuretic peptide;
OR, odds ratio.

Table 3 Correlation between NT-proBNP and clinical factors

b-Coefficient [95% confidence
interval] P value

Age (years) �0.0019 [�0.0052, 0.0014] 0.267
Male sex �0.0237 [�0.0802, 0.0328] 0.412
Body mass index �0.0166 [�0.0235, �0.0098] <0.001
NYHA � 2 0.0443 [�0.0128, 0.1014] 0.129
Clinical frailty scale � 5 0.0382 [�0.0237, 0.1001] 0.227
Atrial fibrillation 0.0978 [0.0414, 0.1543] 0.001
Hypertension �0.0526 [�0.1279, 0.0226] 0.170
Diabetes mellitus 0.0307 [�0.0268, 0.0882] 0.296
COPD �0.0090 [�0.1099, 0.0920] 0.862
eGFR (mL/min/1.73m2) �0.0091 [�0.0106, �0.0076] <0.001
Albumin (g/dL) �0.1731 [�0.2445, �0.1016] <0.001
Cholinesterase (U/L) �0.0013 [�0.0018, �0.0008] <0.001
Log-transformed CRP (mg/
dL)

0.0555 [0.0115, 0.0995] 0.014

Hemoglobin (g/dL) 0.0098 [�0.0065, 0.0260] 0.241
LVMI 0.0029 [0.0021, 0.0037] <0.001
TRPG (mmHg) 0.0059 [0.0029, 0.0088] <0.001
TAPSE (mm) �0.0157 [�0.0223, �0.0092] <0.001

COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; eGFR,
estimated glomerular filtration rate; LVMI, left ventricular mass index; NT-proBNP,
N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association;
TAPSE, tricuspid annular plane systolic excursion; TRPG, tricuspid regurgitation
pressure gradient.



Fig. 2. Differential distribution of NT-proBNP in various patient subgroups. The distribution of NT-proBNP levels in various subgroups is shown using a
histogram. In the histogram, the x-axis shows NT-proBNP taken on a logarithmic axis, and the y-axis shows the percentage of patients in each sub-
group. AF, atrial fibrillation; BMI, body mass index; CKD, chronic kidney disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate (mL/
min/1.73m2); f, female; HT, hypertension; LVMI, left ventricular mass index; m, male; TAPSE, tricuspid annular plane systolic excursion (mm).
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was 21.5, whereas in the U.S. and Europe, it is as high as
30.14 Third, in spite of the fact that several clinical factors,
such as AF and CKD, other than body weight might influ-
ence the risk-prediction cutoffs of NT-proBNP levels, this
point has not been investigated so far.
Our investigation delineates the safety target NT-

proBNP cutoff value during hospitalization due to ADHF
for the prevention of death and recurrent admissions due
to HF, marking the first report on its risk-prediction values
and the differences in various subgroups of Asian patients
with HFpEF. Notably, the prognostic power of NT-
proBNP levels is preserved across subgroups differenti-
ated by age, sex, BMI, and comorbidities such as AF and
CKD, despite varying safety cutoffs. Our study, prioritizing
a sensitivity of 0.8, aims to establish a safety-target NT-
proBNP cutoff value to mitigate rehospitalization risks dur-
ing inpatient care of those with ADHF. We found that the
safety cutoffs were influenced by the presence or absence
of complications, a trend generally consistent with previ-
ous reports on the mechanism.15,16 This underscores the
robust prognostic utility of NT-proBNP levels, which tran-
scends the heterogeneity of the HFpEF population. The



Fig. 3. Differential safety NT-proBNP cutoffs at a sensitivity of 0.8 in various subgroups of HFpEF. C-statistics (area under the curve) and a 95% confi-
dence interval of NT-proBNP for the primary endpoint are shown in a forest plot. We have defined a clinically optimal safety cutoff value to prevent
rehospitalization due to heart failure, with a sensitivity of 0.80. We also computed the corresponding specificity, positive predictive value and negative
predictive value, as well. Although the cutoff values of NT-proBNP levels differed in various subgroups of patients with HFpEF, the discriminative power
was, overall, maintained at a moderate level. eGFR, estimated glomerular filtration rate (mL/min/1.73m2); f, female; LVMI, left ventricular mass index10;
m, male; PPV, positive predictive value; NPV, negative predictive value; TAPSE, tricuspid annular plane excursion.
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variation in safety cutoff values across subgroups high-
lights the complex nature of HFpEF, indicating the need
for a tailored approach to risk stratification based on
patient-specific factors and comorbid conditions. The use
of NT-proBNP levels in guiding in-hospital and post-dis-
charge management and risk stratification in patients with
HFpEF suggests the potential for enhancing personalized
care strategies.

Integrating NT-proBNP levels into the prognostic
assessment of patients with HFpEF aligns with the multi-
factorial approach required for managing this condition.
This integration also emphasizes the need for continued
research into the pathophysiological mechanisms of
HFpEF and the role of biomarkers in these dynamics.
Additionally, combining NT-proBNP levels with other bio-
markers, such as tumor necrosis factor-alpha and growth
and differentiation factor 15, which are gaining attention
for their potential correlation with HF, may improve the
discriminatory ability to help patients with HFpEF. This
combination highlights the evolving landscape of HF
diagnostics and the potential for more refined treatment
strategies.8
Study Limitations
Several limitations in this study must be acknowledged.
First, the generalizability of the findings to other regions
and ethnicities is limited due to differing races, social
health care systems and the dietary habits in Japan com-
pared with those of other countries. Although we per-
formed cross-validation (Supplementary Table 6), further
large-scale external validation studies should be con-
ducted. Second, the safety NT-proBNP cutoff values pre-
sented in this study for differing groups of patients require
caution in interpretation and clinical application. In partic-
ular, safety cutoffs in cases with multiple comorbidities
(eg, AF and CKD) are not specified. Third, due to the miss-
ing data of NT-proBNP levels at discharge, only 74.4% of
the overall population were included in the present study.
As presented in Supplementary Table 4, there were some
differences in clinical characteristics between the patients
included in and excluded from this analysis, which might
have resulted in a potential selection bias. Fourth, our reg-
istry did not enroll patients with acute coronary syndromes
or severe valvular disease. Fifth, the diagnosis of second-
ary cardiomyopathy, such as cardiac amyloidosis, was at



Fig. 4. Kaplan-Meier curves demonstrating the composite endpoint across subgroups, stratified by specific cutoff values. The Kaplan-Meier analysis for
comparing the composite of all-cause death and hospitalization for heart failure in 2 groups divided by each optimal cutoff value of NT-proBNP in each
subgroup. Panels indicate the stratifications by (a) age, (b) sex, (c) body mass index, (d) atrial fibrillation, (e) diabetes mellitus, (f) hypertension, (g) LVMI,
(h) TAPSE, and (i) eGFR. eGFR, estimated glomerular filtration rate (mL/min/1.73m2). f, female; LVMI; left ventricular mass index10; m, male; TAPSE, tri-
cuspid annular plane excursion.
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physicians’ discretion and was not made systematically.
Therefore, the primary disease was not fully identified.
Sixth, our study was conducted between 2016 and 2022,
before the evidence for use of sodium glucose cotrans-
porter 2 inhibitors (SGLT2-is) was established.17 SGLT2-is
were prescribed only to patients with diabetes, which
resulted in a low prescription rate for SGLT2-is. Seventh,
although we believe that the sensitivity of 0.8 offers a
practical safety line in managing HFpEF, this threshold is
exploratory and is not a universally accepted standard.
Finally, the small sample size, especially of the subgroup
analysis stratified by renal dysfunction, might not have
enough statistical power. Results should be interpreted
with caution. Further large-scale global studies are
needed to address these limitations.
Conclusions

This study demonstrated that in patients with HFpEF who
are hospitalized for ADHF, NT-proBNP levels at discharge
were significantly associated with a composite of all-cause
death and hospitalization due to HF. Although NT-
proBNP levels showed different distributions in the vari-
ous patient subgroups, and cutoff values were distinctive
for each, the prognostic utility was found to be equivalent
in most HFpEF subgroups and had similarly moderate dis-
criminative performance. The differences in safety cutoffs
across subgroups can suggest the necessity of personal-
ized NT-proBNP targets for better management of and
prognostication for people with HFpEF.
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Lay Summary

This study found that NT-proBNP level, a heart-stress
marker, is useful in predicting the risk of death or readmis-
sion due to heart failure in patients hospitalized for acute
decompensation for heart failure with preserved ejection
fraction when measured at the time they are discharged
from the hospital. The study shows that the levels of this
marker vary among patients and suggests different cutoff
points for adverse events based on specific health condi-
tions, such as atrial fibrillation, obesity and kidney disease.
This helps doctors to personalize treatment so as to better
manage and predict outcomes for patients with heart fail-
ure.
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