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Abstract

We aimed to compare the usefulness of plasma levels of B-type natriuretic peptide (BNP) for long-term risk stratification
among patients with heart failure (HF) with preserved left ventricular ejection fraction (LVEF) (HFpEF), borderline HFpEF,
and HF with reduced LVEF (HFrEF) in the same HF cohort. In the CHART-2 Study (N=10,219), we categorized 4301
consecutive Stage C/D HF patients (mean age 68.7 years, female 32.4%) into 3 groups: HFpEF (LVEF >50%, N =2893),
borderline HFpEF (LVEF 40-50%, N =666), and HFrEF (LVEF <40%, N="742). During the median 6.3-year follow-up, all-
cause deaths occurred in 887 HFpEF, 330 borderline HFpEF, and 330 HFrEF patients. Although median BNP levels increased
from HFpEF, borderline HFpEF to HFrEF (85.3, 126 and 208 pg/ml, respectively, P <0.001), the relationship between log,
BNP levels and the mortality risk was comparable among the 3 groups. As compared with patients with BNP <30 pg/ml,
those with 30-99, 100-299 and > 300 pg/ml had comparably increasing mortality risk among the 3 groups (hazard ratio 2.5,
4.7 and 7.8 in HFpEF, 2.1, 4.2 and 7.0 in borderline HFpEF, and 3.0, 4.7 and 9.5 in HFrEF, respectively, all P <0.001). BNP
levels have comparable prognostic impact among HFpEF, borderline HFpEF, and HFrEF patients.
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Introduction

Along with the rapid aging of society, the burden of heart
failure (HF) is a global pandemic worldwide; HF incidence
increases with age, rising from approximately 20 per 1000
individuals 65-69 years of age to> 80 per 1000 individu-
als among those > 85 years of age [1, 2]. Based on the data
from the National Health and Nutrition Examination Sur-
vey (NHANEYS), it was estimated that 5.7 million Ameri-
cans aged > 20 years had HF and that the prevalence of HF
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patients would increase by 46% in 2030, resulting in> 8
million HF patients among Americans aged > 18 years [3].
Similarly, in Europe, the proportion of the elderly population
aged > 65 years was 12.4% in 1980, is currently 17.6% in
2015, and will be increased to 23.1% by 2030 [4], indicat-
ing a rapid increase in HF [5]. Also in Asia, HF pandemic
has been emerging although available information is limited
[6-9].

The poor prognosis of HF patients is another important
healthcare issue worldwide. For instance, in the US, there
was no improvement in 5-year mortality in HF patients from
2000-2003 to 2008-2010 [age-adjusted hazard ratio (HR)
1.05, 95% confidence interval (CI) 0.91-1.20] [5, 10]. It was
also reported that survival after HF diagnosis leveled off
after mid-2000s, possibly reflecting the increasing propor-
tion of non-cardiovascular deaths along with an increase of
HF with preserved ejection fraction (HFpEF) as well as the
comorbidity burden in HF [10]. Although the prevalence of
HFpEF, characterized by higher prevalence of elderly peo-
ple, females, hypertension and atrial fibrillation (AF), has
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increased over time [6], effective strategies still remain to
be developed for the disorder [11, 12].

Risk stratification is one of the most useful means for
better management of HF. Efforts have been made to stratify
the individual risk and therapeutic strategy in HF patients.
Indeed, a number of studies explored the prognostic bio-
markers in HF patients, including natriuretic peptides, tro-
ponins and other biomarkers, those reflecting inflammation,
oxidative stress, neurohormonal disarray, and myocardial
and matrix remodeling [1]. Among them, natriuretic pep-
tides have been shown to be the most powerful prognostic
markers and their measurements are widely used in daily
practice [13]. The systematic review with 16 publications
for B-type natriuretic peptide (BNP) and 88 publications
for N-terminal proBNP (NT-proBNP) showed that higher
levels of BNP and NT-proBNP could predict mortality
and morbidity in chronic stable HF patients [14]. How-
ever, since almost all previous studies examined the prog-
nostic impact of BNP and/or NT-proBNP in the separated
cohorts of HFpEF [15-17] or HF with reduced ejection frac-
tion (HFrEF) patients [18-22], it remains to be examined
whether BNP has comparable usefulness to stratify the risk
between HFpEF and HFrEF patients in the same cohort. Fur-
thermore, there have been few reports regarding the prognos-
tic impact of BNP in patients with borderline HFpEF, a new
HF criterion for those with left ventricular ejection fraction
(LVEF) between 40 and 50% [1]. Since we and others have
demonstrated that clinical characteristics and prognostic
factors are different according to LVEF categories among
HF patients [3, 23, 24], it remains to be examined whether
BNP levels have the same or different prognostic impact
among the HFpEF, borderline HFpEF and HFrEF groups in
the same HF cohort.

In the present study, we thus compared the prognostic
impact of BNP levels among HFpEF, borderline HFpEF
and HFrEF patients, using the database of our Chronic
Heart Failure Analysis and Registry in the Tohoku District
(CHART)-2 Study, the largest-scale cohort study of HF
patients in Japan [24-28].

Methods
Study design

The CHART-2 Study is a large-scale prospective obser-
vational multicenter cohort study of chronic HF patients
in Japan (NCT00418041) [24-28]. The CHART-2 Study
has been previously described in detail [24-28]. Briefly, a
total of 10,219 stable patients aged >20 years with either
coronary artery disease (Stage A, N=_868), asymptomatic
structural heart disease (Stage B, N=4475), or a current or
past history of symptomatic HF (Stage C/D, N=4876) at
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cardiology outpatient clinics or just before discharge were
enrolled between October 2006 and September 2010 at the
Tohoku University Hospital and 23 affiliated hospitals in the
Tohoku District, Japan [24-28]. Based on the American Col-
lege of Cardiology Foundation/American Heart Association
(ACCF/AHA) guidelines [1], we defined HFpEF, borderline
HFpEF and HFrEF as HF with LVEF > 50%, HF with LVEF
between 40 and 50% and LVEF <40%, respectively (Fig. 1).
After excluding 5333 patients with Stage A/B HF, 10 with-
out sufficient data, and 575 patients with Stage C/D with no
data on LVEF and/or BNP, we finally examined consecu-
tive 4301 Stage C/D HF patients with BNP and echocardio-
graphic data at registration (2893 HFpEF, 666 borderline
HFpEF and 742 HFrEF) in the present study (Fig. 1). We
compared the distribution and usefulness of BNP levels for
the long-term risk stratification among HFpEF, borderline
HFpEF, and HFrEF patients. The primary endpoint of the
present study was all-cause death. The secondary endpoints
included cardiovascular death, non-cardiovascular death and
HF admission. All procedures performed in studies involv-
ing human participants were in accordance with the ethical
standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Informed con-
sent was obtained from all individual participants included
in the study.

Statistical analysis

All continuous variables are reported as mean+ SD or
median with interquartile range (IQR) and all categorical
variables are reported as frequency (%). To compare the sub-
groups, we performed Welch’s ¢ test and one-way ANOVA

] Stage A/B/C/D (N=10,219)

l Data unavailable (N=10) }7

Stage A/B (N=5,333)

| Stage C/D (N=4,876) |

No data of LVEF
and/or BNP (N=575)

| Stage C/D (N=4,301)|

HFpEF Borderline HFpEF HFrEF
(LVEF>50%) (40%<LVEF<50%) (LVEF<40%)
(N=2,893) (N=666) (N=742)

Fig. 1 Flow chart of patient selection. BNP B-type natriuretic pep-
tide, LVEF left ventricular ejection fraction, HFpEF heart failure with
preserved ejection fraction, HFrEF heart failure with reduced ejec-
tion fraction
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for continuous variables and Fisher’s exact test for categori-
cal variables. To examine the factors related to log, BNP lev-
els [29], we performed multivariable regression analysis. In
the multivariable models, variables were selected based on
ACCF/AHA guideline as follows: age, sex, body mass index
(BMI), chronic kidney disease (CKD) (estimated glomerular
filtration rate (¢GFR) < 60 ml/min/1.73 m?), New York Heart
Association (NYHA) classification, ischemic heart dis-
ease (IHD), AF and anemia (hemoglobin < 13 g/dl in male
and < 12 g/dl in female). To compare the incidence rate of
the endpoints (1000 person-years) for all possible combina-
tions of log, BNP levels and HFpEF, borderline HFpEF and
HFrEF groups, we estimated the incidence rates and tested
with the mid-P exact P values by the epitools package (ver-
sion 0.5-7) of the R software followed by Bonferroni mul-
tiple comparisons. To evaluate the association between log,
BNP levels and the mortality risk, we calculated HR and
95% CI using the simple Cox proportional hazard regression
model and P values for interaction between log, BNP levels
and LVEF values were calculated in overall and subgroups
divided by BNP-related factors. To compare the prognos-
tic impact of BNP among HFpEF, borderline HFpEF and
HFrEF patients, we classified the patients in each group into
4 subsets according to the BNP cutoff values determined
by the survival classification and regression trees (CART)
analysis. The CART analysis provides a binary decision tree
for classification and regression based on recursive partition-
ing of the data space and sequentially determines condition-
ing variables and their splitting points for partitioning to fit a
simple prediction model within each partition. The survival
CART is the CART considering survival time as an outcome
[30]. Kaplan—Meier curves among BNP subsets were com-
pared by the log-rank test and the Cox proportional hazard
models were utilized. P value <0.05 and P value for inter-
action < 0.1 were considered as statistically significant. All
statistical analyses were performed using the open-source
statistics computing software R version 3.1.3 [31].

Results

Baseline characteristics of HFpEF, Borderline HFpEF
and HFrEF patients

Table 1 shows the baseline characteristics of the patients
among the 3 groups. Age and the prevalence of female and
BMI were significantly decreased from HFpEF, borderline
HFpEF, to HFrEF, while the prevalence of NYHA class III/
IV was increased. As a HF etiology, the prevalence of IHD
was highest in all 3 groups, but it was higher in borderline
HFpEF and HFrEF compared with HFpEF. From HFpEF,
borderline HFpEF, to HFrEF, the prevalence of dilated car-
diomyopathy was increased, whereas those of hypertrophic

cardiomyopathy, hypertensive heart disease and valvular
heart disease decreased as a HF etiology. As comorbidi-
ties, the frequency of prior admission for HF was increased,
while those of hypertension, and malignant disease, and AF
decreased from HFpEF, borderline HFpEF, to HFrEF. Sys-
tolic and diastolic blood pressures were decreased, while
heart rate, left atrium dimension and left ventricular end-
diastolic dimension were increased from HFpEF, borderline
HFpEF, to HFrEF. As for laboratory findings, hemoglobin
level was increased from HFpEF, borderline HFpEF, to
HFrEF, while eGFR was decreased from HFpEF, borderline
HFpEF, to HFrEF. Regarding medications, the prescription
rates of beta-blockers, angiotensin converting enzyme inhib-
itors and/or angiotensin II receptor blockers, aldosterone
antagonists and loop diuretics were increased from HFpEF,
borderline HFpEF, to HFrEF, while that of calcium channel
blockers was decreased.

Distribution, related factors, and prognostic value
of BNP levels

BNP levels were lowest in HFpEF and highest in HFrEF;
median (25%, 75% quartiles) BNP levels were 85.3 (33.8,
191) pg/ml in HFpEF, 126 (50.7, 274) pg/ml in borderline
HFpEF, and 208 (97.4, 468) pg/ml in HFrEF (Fig. 2). The
multivariable regression analysis showed that some factors
related to log, BNP levels differed among HFpEF, border-
line HFpEF, to HFrEF. For example, age and AF had higher
estimates in HFpEF patients as compared with borderline
HFpEF and HFrEF patients, but BMI had higher estimates
in HFrEF than in HFpEF and borderline HFpEF patients
(Table 2). On the other hand, estimates of IHD, anemia, and
CKD had no statistical difference among 3 groups.

Relationship between BNP levels and the endpoints

Figure 3a shows the relationship between log, BNP levels
and mortality in the HFpEF, borderline HFpEF and HFrEF
groups. The higher the log, BNP levels, the more the mor-
tality increased, which was consistent among the 3 groups.
Each range of log, BNP levels had no statistical differences
in mortality among the 3 groups. Moreover, log, BNP was
similarly associated with the incidence of cardiovascular
death (Fig. 3b), non-cardiovascular death (Fig. 3c), and HF
admission (Fig. 3d) among the 3 groups.

Table 3 shows the results of the unadjusted Cox pro-
portional hazard models in the overall and subgroups
divided according to variables used in Table 2. Among
HFpEF, borderline HFpEF, and HFrEF, the prognostic
impact of BNP levels was generally comparable with a
few exceptions in patients with AF and those with anemia.
We noted statistically significant interactions between
log, BNP and LVEEF values in HFrEF patients with AF or
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Table 1 Baseline characteristics

HFpEF (N=2893) Borderline HFpEF  HFrEF (N=742) P value
of patients with HFpEF, (N=666)
borderline HFpEF and HFrEF
LVEF (%) 65.2+9.0 454+2.6 31.8+6.3 < 0.001
Age (years) 69.3+12.2 68.1+11.9 66.8+12.6 < 0.001
Female sex (N, %) 1042 (36) 179 (27) 172 (23) < 0.001
BMI (kg/m?) 23.9+3.9 23.7+39 23.1+4.0 < 0.001
NYHA class II/IV (N, %) 261 (9) 71 (11) 134 (18) < 0.001
Smoking (N, %) 1231 (45) 302 (48) 370 (53) < 0.001
Etiology of CHF (N, %)
Ischemic heart disease 1346 (47) 347 (52) 373 (50) 0.014
Dilated cardiomyopathy 225 (8) 146 (22) 239 (32) < 0.001
Hypertrophic cardiomyopathy 106 (4) 10 (2) 10 (1) < 0.001
Hypertensive heart disease 680 (24) 94 (14) 66 (9) < 0.001
Valvular heart disease 358 (12) 37 (6) 33 4) < 0.001
Previous history (N, %)
Admission for heart failure 1380 (48) 408 (61) 567 (76) < 0.001
Hypertension 2621 (91) 598 (90) 630 (85) < 0.001
Diabetes mellitus 1102 (38) 265 (40) 316 (43) 0.077
Dyslipidemia 2349 (81) 543 (82) 609 (82) 0.869
Cerebral vascular disease 584 (20) 143 (21) 137 (18) 0.360
Malignant disease 406 (14) 85 (13) 82 (11) 0.091
Myocardial infarction 846 (29) 276 (41) 293 (39) < 0.001
Atrial fibrillation 1242 (43) 271 (41) 273 (37) 0.009
Hemodynamics and LV function
Systolic BP (mmHg) 127.9+18.6 1253+19.1 118.5+19.4 < 0.001
Diastolic BP (mmHg) 72.6+11.9 722+124 69.9+12.0 < 0.001
Heart rate (bpm) 71.6+14.5 73.3+14.7 73.9+15.6 < 0.001
LAD (mm) 424493 42.8+8.6 44.0+8.9 < 0.001
LVDd (mm) 49.1+7.4 55.5+79 61.9+9.2 < 0.001
Laboratory findings
Hemoglobin (g/dl) 13.1£2.0 13.2+2.1 13.3+2.0 0.023
Albumin (mg/dl) 4.1+0.5 4.0+0.5 4.0+0.5 0.008
Na (mEqg/1) 141.1£2.7 140.9+2.8 140.4+3.0 < 0.001
K (mEqg/l) 44+04 44+0.5 4.4+0.5 0.039
LDL-C (mg/dl) 104.9+30.2 104.8+31.2 107.4+32.8 0.222
BUN (mg/dl) 19.5+9.7 20.3+9.8 21.9+122 < 0.001
Cre (mg/dl) 1.0+0.7 1.1+0.7 1.2+1.0 < 0.001
eGFR (ml/min/1.73 m?) 61.5+21.0 60.1+21.6 58.4+22.0 0.001
Medications (N, %)
Beta-blockers 1260 (44) 419 (63) 513 (69) < 0.001
ACE-I/ARB 2047 (71) 516 (77) 598 (81) < 0.001
Aldosterone antagonists 574 (20) 201 (30) 318 (43) < 0.001
Loop diuretics 1338 (46) 401 (60) 559 (75) < 0.001
CCB 1289 (45) 187 (28) 131 (18) < 0.001
Digitalis 698 (24) 152 (23) 219 (30) 0.005
Statins 1074 (37) 264 (40) 289 (39) 0.376
Antiplatelets 1707 (59) 419 (63) 439 (59) 0.171
Warfarin 1121 (39) 278 (42) 339 (46) 0.002

Results are expressed as mean + SD or frequency (%)

ACE-I angiotensin converting enzyme inhibitors, ARB angiotensin II receptor blockers, BMI body mass
index, BP blood pressure, BUN blood urea nitrogen, CCB calcium channel blockers, CHF chronic heart
failure, Cre creatinine, eGFR estimated glomerular filtration rate, HFpEF heart failure with preserved ejec-
tion fraction, HFrEF heart failure with reduced ejection fraction, K potassium, LA left artrium, LAD left
atrial dimension, LDL-C low-density lipoprotein cholesterol, LV left ventricle, LVDd left ventricular end-
diastolic dimension, LVEF left ventricular ejection fraction, Na sodium, NYHA New York Heart Associa-
tion
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Fig. 2 Distribution of BNP levels in HF patients by LVEF categories.
Violin and box plots showing the BNP levels in HFpEF, borderline
HFpEF and HFrEF patients. The density trace of violin plots shows
the distribution of BNP levels. The box plots show the median (line
in center), the first through the third Qs (solid, vertical band) of BNP
levels. The Y-axis represents BNP levels. BNP B-type natriuretic pep-
tide, HF heart failure, HFpEF heart failure with preserved ejection
fraction, HFrEF heart failure with reduced ejection fraction, Q inter
quantile range

anemia; HR was higher in HFrEF patients with AF or ane-
mia compared with those without AF or anemia (Table 3).

Risk stratification by BNP levels

The survival CART analysis effectively stratified the mor-
tality risk with the first BNP cutoff value 102.7 pg/ml,
and then with second cutoff values, 28.6 and 332.2 pg/
ml. With these 3 cutoff values, the study population was
successfully divided into 4 groups with morality rang-
ing from 16.2 to 136.3 per 1000 person-year (Fig. 4).
Based on these cutoff values, we set the BNP cutoff val-
ues as 30, 100 and 300 pg/ml in the present study. The
Kaplan—Meier curves showed that the mortality risk of
HF patients was clearly defined in all 4 subsets in the 3
groups (Fig. 5). The Cox proportional hazards models
showed that, as compared with patients with BNP lev-
els <30 pg/ml in HFpEF, those with BNP levels < 30 pg/
ml in borderline HFpEF and HFrEF had comparable
mortality risk (HR 1.31 in borderline HFpEF, P =0.355
and 0.78 in HFrEF, P =0.630), and those with 30-99,
100-299 and > 300 pg/ml had comparably increased mor-
tality in HFpEF (HR 2.5, 4.7 and 7.8), borderline HFpEF
(HR 2.1, 4.2 and 7.0) and HFrEF (HR 3.0, 4.7 and 9.5),
respectively, all P <0.001 (Fig. 6).

Table 2 Factors related to log, BNP levels

P value

HFrEF

Borderline HFpEF

HFpEF

HFpEF vs. HFrEF

Borderline

P value HFpEF vs. bor-

SE

P value Estimate

SE

P value Estimate

SE

Estimate

HFpEF vs. HFrEF

derline HFpEF

< 0.001

0.143
0.090

0.082 0.025

0.05
0.15
0.16
0.16
0.13
0.13
0.13
0.13

0.09

0.0
- 1.06

< 0.001

0.06
0.15
0.17
0.21
0.14
0.14
0.15
0.14

0.21
0.36
- 0.51

< 0.001
< 0.001
< 0.001

0.006

0.006
< 0.001
< 0.001
< 0.001

0.03

0.36

Age (years/10)
Female sex

0.089
< 0.001

0.611

0.963
< 0.001
< 0.001

1

0.016

0.06
0.08

0.28
-0.35

0.016

0.394
0.003

0.003
< 0.001

BMI (kg/m%/10)
NYHA II/IV

IHD
AF

0.111

0.121

0.59
0.

99
08

0.

0.10
0.07
0.06
0.07

0.29
-0.18

0.137
< 0.001

0.811

0.093

0.791
< 0.001
< 0.001

03

0.571
< 0.001

0.

0.655

0.005
0.201

0.45
0.

0.54
0.34

0.96
0.54
0.36

0.744
0.180

0.431

49

0.020

Anemia
CKD

0.159

0.624

0.164

0.18

0.002

0.44

0.06

AF atrial fibrillation, BMI body mass index, CKD chronic kidney disease, HFpEF heart failure with preserved ejection fraction, HFrEF heart failure with reduced ejection fraction, /HD

ischemic heart disease, LVEF left ventricular ejection fraction, Na sodium, NYHA New York Heart Association, SE standard error
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Fig.3 Comparative prognostic
effects of BNP in HF patients.
Prognostic effects of BNP
levels for all-cause death (a),
cardiovascular death (b), non-
cardiovascular death (c¢), and
admission for heart failure (d)
were almost comparable among
the HFpEF (blue), borderline
HFpEF (green), and HFrEF
(red) patients. Vertical lines rep-
resent 95% confidence intervals.
BNP B-type natriuretic peptide,
HF heart failure, HFpEF heart
failure with preserved ejection
fraction, HFrEF heart failure
with reduced ejection fraction

A

All-cause Death

(/1,000 500 -+
e 400
300
200
100

0

@ HFpEF
@ Borderline HFpEF
@ HFrEF

B 500
(/1,000
P40

300
200
100

0

T I T

<64  64-

127 28§

BNP

C

Non-CV Death

T I !

128- 256- 512- 1,024<
s11

1,023 (pg/mi)

D

(/1,000 500 -
Fem400
300
200
100 -

@ HFpEF
® Borderline HFpEF
® HFrEF

#1,000900
year) 400
300
200
100

CV Death

@ HFpEF
—| @ Borderline HFpEF
® HFrEF

I T I I I T

<64  64-
127

128- 256- S12-
255 Ss11 1,023
BNP

1,024<
(pg/mi)

HF Admission

@ HFpEF

—| @ Borderline HFpEF
©® HFrEF £<0.01
= m
P=0.02

— m

Table 3 Prognostic impact of log, BNP levels and interactions with LVEF in overall and subgroups
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All

HFpEF

Borderline HFpEF

HFrEF

HR (95% CI) P value

HR (95% CI) P value

HR (95% CI) P value

HR (95% CI) P value

P value for
interaction with
LVEF

Overall
Age< 75
(years)
Age>75
(years)
Male sex

1.46 (1.41-1.51) < 0.001
1.51 (1.44-1.59) < 0.001

1.28 (1.22-1.34) < 0.001

1.49 (1.43-1.54) < 0.001
1.40 (1.32-1.49) < 0.001
1.45 (1.37-1.53) < 0.001

Female sex

BMI >23.5 (kg/
m?)

BMI<23.5 (kg/
m2)

NYHA /1T

NYHA 1II/1V

(=) IHD

(+) IHD

(=) AF

(+) AF

(=) Anemia

(+) Anemia

(=) CKD

(+) CKD

1.42 (1.36-1.48) < 0.001

1.44 (1.39-1.49) < 0.001
1.31 (1.22-1.41) < 0.001
1.43 (1.36-1.49) < 0.001
1.50 (1.43-1.56) < 0.001
1.48 (1.42-1.55) < 0.001
1.39 (1.32-1.47) < 0.001
1.47 (1.40-1.54) < 0.001
1.32(1.27-1.39) < 0.001
1.45 (1.38-1.53) < 0.001
1.38 (1.32-1.44) < 0.001

1.46 (1.40-1.53) < 0.001
1.45 (1.35-1.56) < 0.001

1.27 (1.20-1.34) < 0.001

1.48 (1.41-1.56) < 0.001
1.45 (1.35-1.56) < 0.001
1.42 (1.34-1.52) < 0.001

1.47 (1.39-1.56) < 0.001

1.45 (1.38-1.51) < 0.001
1.37 (1.23-1.53) < 0.001
1.44 (1.36-1.53) < 0.001
1.51 (1.42-0.60) < 0.001
1.51 (1.43-1.60) < 0.001
1.36 (1.27-1.46) < 0.001
1.42 (1.34-1.52) < 0.001
1.34 (1.26-1.42) < 0.001
1.41 (1.31-1.51) < 0.001
1.39 (1.32-1.47) < 0.001

1.41 (1.30-1.54) < 0.001
1.46 (1.30-1.65) < 0.001

1.24 (1.08-1.41) 0.002

1.52 (1.38-1.69) < 0.001
1.18 (1.01-1.38)  0.042
1.39 (1.22-1.58) < 0.001

1.37 (1.21-1.54) < 0.001

1.38 (1.25-1.52) < 0.001
1.16 (0.96-1.40) 0.114
1.38 (1.22-1.57) < 0.001
1.44 (1.28-1.61) < 0.001
1.51 (1.35-1.69) < 0.001
1.23 (1.08-1.41)  0.002
1.52 (1.33-1.74) < 0.001
1.20 (1.07-1.35)  0.001
1.50 (1.29-1.74) < 0.001
1.29 (1.16-1.44) < 0.001

1.46 (1.35-1.57) < 0.001
1.47 (1.33-1.62) < 0.001

1.34 (1.19-1.51) < 0.001

1.47 (1.35-1.60) < 0.001
1.44 (1.21-1.70) < 0.001
1.62 (1.40-1.88) < 0.001

1.33 (1.22-1.47) < 0.001

1.42 (1.30-1.55) < 0.001
1.46 (1.24-1.71) < 0.001
1.39 (1.25-1.55) < 0.001
1.53 (1.38-1.70) < 0.001
1.41 (1.28-1.54) < 0.001
1.55 (1.36-1.76) < 0.001
1.39 (1.27-1.53) < 0.001
1.53 (1.34-1.74) < 0.001
1.45 (1.29-1.64) < 0.001
1.42 (1.29-1.57) < 0.001

0.300
0.429

0.237

0.563
0.620
0.163

0.883

0.509
0.690
0.702
0.352
0.568
0.008
0.806
0.044
0.346
0.145

AF atrial fibrillation, BMI body mass index, CI confidence interval, CKD chronic kidney disease, HFpEF heart failure with preserved ejection
fraction, HFrEF heart failure with reduced ejection fraction, HR hazard ratio, /HD ischemic heart disease, LVEF left ventricular ejection frac-

tion, NYHA New York Heart Association
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Fig.4 Optimal BNP cutoff val-
ues. The survival CART analy-
sis identified the primary and
subsequent optimal BNP cutoff
values (28.6, 102.7, 332.2 pg/
ml) to partition the patients by
median 6.3-year mortality risk.
The mortality per 1000 person-
year in each subgroup is shown
in the upper line in the box.
BNP B-type natriuretic peptide,
CART classification and regres-
sion trees, p-y pearson-year

Mortality rate
(N)

BNP
<28.6 pg/ml

BNP
<102.7 pg/mi

31.4/1,000 p-y
(N=2,129)

>28.6 pg/ml

58.7 11,000 p-y
(N=4,301)

BNP
>102.7 pg/ml

91.6 /1,000 p-y
(N=2,172)

BNP BNP

<332.2 pg/ml

BNP
>332.2 pg/ml

Low risk

| Relatively low risk I | Relatively high risk |

High risk

16.2/1,000 p-y
(N=758)

40.3 /1,000 p-y
(N=1,371)

74.9 /1,000 p-y
(N=1,484)

136.3 /1,000 p-y
(N=688)

Fig.5 Mortality risk strati- HFpEF BorderlineHFpEF HFrEF
fication by BNP categories. I N N
Kaplan-Meier curves for mor- 1.0 Log rank P<0.001 1.0 Log rank P<0.001 1.0 Log rank P<0.001
tality in patients with HFpEF 0.8 - 08 1 08
(left panel), borderline HFpEF & & i
(middle panel), and HFrEF ® © ®
(right panel) according to 2> 0.6 1 2> 06 A 2> 0.6 -
BNP levels < 30 (blue), 30-99 D © D
(green), 100-299 (yellow) 5 0.4 4 £ 04 | €04 -
and >300 pg/ml (red), respec- = = =
tively. BNP B-type natriuretic 0.2 02 4 02
peptide, HFpEF heart failure —’_"_'_
with preserved ejection frac- 0 0 0 4
tion, HFrEF heart failure with ' ' : : ' : : ! ' ! ! : ) ! 8|
reduced ejection fraction 0 2 4 6 8 0 2 4 6 8 0 2 4 6
Follow-up years Follow-up years Follow-up years
(p?,:,) Number at risk (pB;:,) Number at risk (pBgl/i:“) Number at risk
a7 298 213 136 38 13 13 a1 57 o [ 7 23 154 84 13
906 814 645 448 99 239 211 181 126 38 ‘ 265 235 198 135 31
LU 958 898 784 622 169 LKL 186 173 155 124 35 VLN 154 137 117 88 30
<INl 655 622 588 461 114 < 95 93 8 72 18 S 16 46 44 33 4

Discussion

The present study is the first to compare the prognostic
impact of BNP levels among HFpEF, borderline HFpEF
and HFrEF in the same large-scale prospective observa-
tional study. The results clearly demonstrated that, despite
the different distribution of BNP levels, the prognostic
impact of BNP levels was comparable among the 3 groups,

providing the useful BNP cutoff values for long-term prog-
nosis of HF patients in the 3 groups.

Distribution of BNP levels in HF patients by LVEF
categories

The present study demonstrates that distribution of BNP
levels differed among the 3 groups of HF patients by LVEF
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BNP (pg/ml) LVEF(%)
" ® - Year Authors Study name N 25 30 35 40 45 50 55
< — @
— ) Bofderline HFpEF 2003|Anand IS, et al.'® Val-HeFT 4,300
@® HFrEF
2004|Hartmann F, et al.'®| COPERNICUS | 1,011
30-99 ——— 35
® 2009| Cleland JG, et al.29 CORONA | 3,664
2009|Al-Najjar Y, et al.2" na 1,087
—
100-299 L 2011|Anand IS, etal’® | LPRESERVE |3480
2011 Ste;f‘;’}gham M, na 1,204 na.
o
>300 ¥ @ — 2016|Zile MR, et al. 2 PARADIGM-HF| 2,080
—  ———
2018|Kasahara S, et al. CHART-2 (the 4,301
present study)

Hazard ratio

Fig.6 The Cox proportional hazard models. Forest plots by the Cox
proportional hazard models for the mortality risk according to the
BNP categories in HFpEF, borderline HFpEF and HFrEF patients.
Patients with BNP levels <30 pg/ml in HFpEF was used as a refer-
ence. Circles represent hazard ratios and lines represent 95% confi-
dence intervals. BNP B-type natriuretic peptide, HFpEF heart failure
with preserved ejection fraction, HFrEF heart failure with reduced
ejection fraction

categories, a consistent finding with the previous reports
[32, 33]. Since BNP is secreted mainly from the left ven-
tricle (LV) in patients with LV dysfunction and its secre-
tion increases in proportion to the severity of LV dysfunc-
tion [34] and end-diastolic wall stress [32], it was expected
that HFpEF patients had lower BNP levels compared with
HFrEF patients. In addition, the difference in BNP levels
among the LVEF category was also explained, at least in
part, by lower LV diastolic wall stress due to smaller LV
volumes and thicker LV walls in HFpEF patients compared
with HFrEF patients [32].

Factors correlated with BNP levels

Although it was previously reported that several factors were
correlated with BNP and/or NT-proBNP, such as female sex,
higher age and renal dysfunction [1], it has never been exam-
ined whether these factors are equally or differently related
with BNP levels by LVEF categories. In this regard, the
present study is the first to indicate the difference in factors
related with BNP levels by LVEF categories: although IHD,
anemia, and CKD were comparably related with log, BNP
levels among 3 groups, age and AF were more tightly related
in HFpEF group, while BMI in HFrEF group. Thus, we have
to consider differences of factors related with BNP levels by
LVEEF categories.

Prognosticimpact of BNP levels
BNP is a useful biomarker not only for diagnosis but also for

prognostic stratification for both acute HF and chronic HF
patients [13]. The previous post hoc studies of randomized
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Fig.7 Previous studies. Previous large-scale studies (N>1000) that
examined the prognostic impact of BNP or NT-proBNP in chronic
heart failure. Gray area shows the LVEF range examined in each
study. The present study is the first that examined the prognostic
effects of BNP levels in heart failure patients with all range of LVEF
in a large-scale prospective study. BNP B-type natriuretic peptide,
LVEF left ventricular ejection fraction, n.a. not available, NT-proBNP
N-terminal proBNP

control trials or observational studies for HFrEF [18-22]
and those for diastolic HF [15, 17] or HFpEF [16] separately
demonstrated that plasma levels of BNP provided excellent
prognostic information. However, few studies examined the
prognostic impact of BNP or NT-proBNP levels in the same
HF cohort with all ranges of LVEF. In this regard, the pre-
sent study is important as we firstly examined HF patients
with all ranges of LVEF in the same cohort (Fig. 7) [16,
18-22, 35], enabling us to directly compare the prognostic
impact of BNP levels among the 3 groups. The present study
clearly demonstrates that prognostic impact of BNP levels
was comparable among the 3 groups, a consistent finding
with the previous preliminary report that, for a given BNP
level, the prognosis in HFpEF patients was similar to that
in HFrEF patients [33]. However, this previous study had a
small number of HF patients (only 74 HFpEF, 81 border-
line HFpEF, and 460 HFrEF patients), warranting a further
validation study with a large number of patients. Thus, the
present study is of clinical significance as it demonstrates the
comparable prognostic impact of BNP levels among HFpEF,
borderline HFpEF and HFrEF patients in the same large-
scale observational study. It is also noteworthy that BNP lev-
els were similarly associated with the risk of cardiovascular
and non-cardiovascular deaths and HF admission among the
3 groups. Although previous studies reported the correla-
tion between BNP levels and cardiovascular death or HF
admission [14], the present study is the first demonstrating
the relationship between BNP levels and non-cardiovascular
death.
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Subgroup analysis

The present study is the first to compare prognostic impact
of BNP levels among HFpEF, borderline HFpEF and HFrEF
patients registered by subgroups divided by the factors
related with BNP levels. Importantly, the results clearly
showed that 3 groups had generally no interaction with
log, BNP levels for prognostic impact in each subgroup,
underlining the clinical utility of BNP regardless of LVEF
categories. However, we should remember that, although
BNP levels are comparably related with prognosis among
HFpEF, borderline HFpEF and HFrEF patients, AF and ane-
mia, factors closely related with BNP levels, may weaken the
comparability in prognostic impact of BNP levels. Hemody-
namic changes related to AF or anemia (e.g., tachycardia)
might have affected the prognostic impact of BNP in HFrEF
patients.

Risk stratification with BNP levels

The present study has another strength as the survival CART
analysis effectively demonstrated the practical BNP cutoff
values for prognostic risk stratification. In the present study,
the prognosis of HF patients was clearly stratified into 4 cat-
egories depending on the BNP levels. Previous studies also
reported that the prognosis of HF patients was predictable
by BNP or NT-proBNP levels [15-22, 33, 36]. However,
BNP cutoff values in these studies varied and any optimal
cutoff value was not established [14], because the subjects
were stereotypically divided based on half [19], tertile [20],
quartile [16-18, 21, 33] or quintile [36] points of the BNP or
NT-proBNP values, the point for diagnosis of HF [15, 33],
or the point based on previous and ongoing studies [22]. In
the present study, the survival CART analysis enabled us to
determine the clinically meaningful cutoff values to effec-
tively stratify the risk among the 3 groups. In particular, it
should be noted that the lowest BNP cutoff value was as low
as 30 pg/ml and that subpopulation with BNP level <30 pg/
ml in the HFpEF group could serve as a reference category
for all the HF cohorts. Thus, we believe that the BNP cutoff
values established in the present study (30, 100, and 300 pg/
ml) could be widely applicable to HF patients of all ranges
of LVEF.

Study limitations

Several limitations should be mentioned for the present
study. First, in the present study, we used the clinical data
at enrollment in the CHART-2 Study and did not take into
consideration the temporal changes in BNP levels during
the follow-up period. Second, although the measurement of
BNP levels was pre-specified in the CHART-2 Study, the
measurement was done in each participating hospital. Thus,

possible sampling and/or measurement bias should be taken
into consideration when interpreting the present findings.
Third, we did not use information on chronic obstructive
pulmonary disease, which was an important comorbidity of
HF patients, because of insufficient reliability. Finally, as
the CHART-2 Study is a prospective observational study for
HF in Japan and has a larger proportion of HFpEF patients
as compared with the previous studies in the Western coun-
tries, cautions should be taken when generalizing the present
findings to other populations and validation studies in other
countries should be performed.

Conclusions

In the present study with a sufficient number of HF patients
and a long follow-up period (median 6.3 years), we demon-
strated that BNP levels have comparable prognostic impact
among HFpEF, borderline HFpEF and HFrEF patients,
despite the distribution of BNP levels differs among the
groups. Furthermore, we proposed the practical BNP cutoff
values, which were commonly useful to stratify the mortal-
ity risk in all the 3 groups of HF patients. Further valida-
tion studies in various settings are warranted to confirm our
present findings.
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