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Abstract. Relative changes in B-type natriuretic peptide
(BNP) and amino terminal pro-BNP (NT-proBNP) levels
may help to assess the risk of congestive heart failure (CHF).
However, whether these levels at the time of admission
enable the prediction of outcomes with acute exacerbation
remains unknown. The current study determined the abili-
ties of BNP, NT-proBNP and their ratio to predict in-hospital
and long-term outcomes of patients with CHF. Patients who
were admitted to the cardiac care unit of Juntendo University
Hospital (Tokyo, Japan) with acute CHF onset were consecu-
tively enrolled into the present observational study. Serum
levels of BNP and NT-proBNP were immediately measured on
admission, and other biomarkers and clinical data were also
investigated. Of 195 enrolled patients, 16 (8.2%) succumbed
to CHF in hospital and 124 (69.3%) reached the endpoint of
mortality or readmission following a median follow-up of
14 months. Multiple linear regression analysis revealed body
mass index, low density lipoprotein cholesterol, hemoglobin,
estimated glomerular filtration rate and C-reactive protein as
independent predictors of the NT-proBNP/BNP ratio. BNP,
NT-proBNP and their ratio were significantly higher among
those who succumbed to CHF than in those who remained
alive in hospital (P<0.05). Logistic regression analysis
indicated that the ratio was an independent predictor for
in-hospital mortality and long-term outcomes. In conclusion,
the ratio of NT-proBNP to BNP more effectively predicts
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in-hospital outcomes than either factor alone and it may also
help to predict outcomes among patients with acute exacerba-
tion of HF.

Introduction

Measurement of serum biomarkers including B-type natriuretic
peptide (BNP) and amino terminal pro-BNP (NT-proBNP)
has become important in evaluating the risk of congestive
heart failure (CHF) (1-6). The 32-amino acid polypeptide
BNP is secreted by cardiac myocytes in response to exces-
sive distension and stretching of the cardiac wall and it has a
half-life of ~20 min (range, 18-22 min) (7,8). The biologically
inactive 76-amino acid N-terminal fragment NT-proBNP is
co-secreted with BNP and it has a half-life of ~90 min (range,
60-120 min) (9,10). The diverse physiological effects of BNP
include natriuresis and peripheral vasodilation, as well as inhi-
bition of the renin-angiotensin-aldosterone and sympathetic
nervous systems (11,12).

Understanding the level of BNP or NT-proBNP may provide
an early diagnosis and guide for CHF therapy (1,5,13,14). The
level of BNP and NT-proBNP at the time of discharge from
hospital are important in the prediction of long-term outcomes
among patients with CHF (4,5). However, the significance of
BNP and NT-proBNP levels at the time of admission remains
unknown. BNP and NT-proBNP were initially regarded as
interchangeable parameters in CHF. However, this concept was
challenged following the discovery that BNP and NT-proBNP
are cleared and degraded differently (7,9,15,16). Furthermore,
BNP and NT-proBNP are affected by other factors besides
the severity of heart failure (HF), including obesity, renal
function and inflammation (17-20). Differences between BNP
and NT-proBNP in CHF assessment and the value of the
NT-proBNP/BNP ratio remain unknown.

The present study aimed to determine which of these factors
is the optimal marker of long-term CHF outcomes. The effects
of a number of factors on the NT-proBNP/BNP ratio were
analyzed and the predictive value of BNP was determined with
regard to NT-proBNP and their ratios for short- and long-term
outcomes of CHF.
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Patients and methods

Patients. The present study is an observational study that
consecutively enrolled 195 patients with acute HF between
January and December 2009. All patients provided their
informed consent and approved the present study. Patients
were aged 65-80 years with a mean age of 73. All patients
were hospitalized for acute HF and admitted to the cardiac
care unit (CCU) of Juntendo University Hospital (Tokyo,
Japan). Clinical and demographic information including
gender, age, left ventricular ejection fraction, hypertension,
New York Heart Association functional class (13,14), history
of ischemic heart disease, atrial fibrillation and hemodialysis
were obtained from a review of medical records. Height and
weight data was used to calculate the body mass index (BMI).
Cardiac structure and function was determined following a
standard echocardiography. The present study was performed
according to the ethics policies of Juntendo University Hospital
and was approved by the internal review board of the hospital.

End points. The end point for the short-term outcome was
in-hospital mortality and for long-term outcomes was all-cause
mortality and readmission. Follow-up ended in August 2010.

Laboratory measurements. Blood samples obtained from the
patients immediately following admission to the CCU were
sent to the clinical chemistry laboratory (Tokyo, Japan) and
analyzed. Plasma BNP and NT-proBNP were analyzed using an
ATA360 enzyme immunoassay analyzer (Tosho Corporation,
Tokyo, Japan) and an electro-chemiluminescence immuno-
assay (cobas e411; Roche Diagnostics, Basel, Switzerland),
respectively, according to the manufacturer's instructions.
Estimated glomerular filtration rate (eGFR) was calculated
according to the Modification of Diet in Renal Disease equa-
tion as follows: eGFR (ml/min/1.73 m?) = 186 x (SCr)!!%
x (age) ™ x (0.742 if female), where SCr represents serum
creatinine level (9,15).

Statistical analysis. All variables were analyzed using the
normal distribution test. Discrete variables are presented
as frequency counts and ratios (%). Continuous variables
are expressed as mean + standard deviation when normally
distributed, and otherwise as medians (inter-quartile range).
Proportions and means/medians were compared using the
¥’ test, Student's t-test, one-way analysis of variance and the
Mann-Whitney U test. Univariate correlations were tested
in the context of normality using Pearson's correlation coef-
ficient. Correlations among non-normally distributed variables
were assessed using Spearman's rank correlation (p). Variables
with a non-normal distribution were log-transformed prior to
entry into the regression model. The results were statistically
analyzed using JMP 8.0 software (SAS Institute Inc., Cary,
NC, USA). All probabilities were two-tailed, and P<0.05 was
considered to represent a statistically significant difference.

Results
Patient characteristics. The study population included

195 patients aged 65-80 years, with acute onset of HF. The
patients' demographics, primary disease, cardiac function
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Table 1. Baseline clinical characteristics of patients enrolled
onto the present study (n=195).

Characteristics Values
Demographics
Age, years® 73 (65, 80)

Gender, male/female® 123 (63.1)/72 (36.9)

Primary disease

Ischemic heart disease’ 71 (36.4)
Hypertensive heart disease® 40 (20.5)
Valvular heart disease and 34 (17.4)
congenital heart disease®
Dilated cardiomyopathy® 18 (11.3)
Cardiac function
LVEF¢, % 43.7+18.5
NYHAD, II, III, IV 81(41.5),58(29.7),56 (28.7)
BNP, pg/ml* 757.8 (348.9, 1,554)
NT-proBNP, pg/ml* 6,258 (1,873.5,18,410.3)
NT-proBNP/BNP ratio* 8.7(5.3,14.3)
Clinical presentation
Hemodialysis® 10 (5.1)
eGFR, ml/(min-1.73 m?)? 48.1(25.7,65.5)
BMP, kg/m? 20.3+3.7
Hgb?, mg/dl 11.7£2.6
LDL-C*, mg/dl 96 (74, 119)
HbA ¢, mmol/mol® 56(5.1,6.2)
CRP, mg/I* 0.8(0.2,3.5)
Comorbidity
Hypertension” 61 (31.3)
DMP 19 (9.7)
Hyperlipidemia® 10 (5.1)
Af° 38 (19.5)

“Data are expressed as median (interquartile range) due to non-normal
distribution; °n (%) and ‘mean + standard deviation due to normal
distribution. LVEF, left ventricular ejection fraction; NYHA, New
York Heart Association; BNP, B-type natriuretic peptide; NT-proBNP,
amino-terminal pro-B-type natriuretic peptide; NT-proBNP/BNP,
ratio of NT-proBNP to BNP; eGFR, estimated glomerular filtration
rate; BMI, body mass index; Hgb, hemoglobin; LDL-C, low density
lipoprotein cholesterol; CRP, C-reactive protein; DM, diabetes
mellitus; HbAlc, glycated hemoglobin; Af, atrial fibrillation.

evaluation, clinical presentation and comorbidities are presented
in Table I.

Factors affecting NT-proBNP/BNP ratio. Multiple linear
regression analysis demonstrated that BMI, low density lipo-
protein cholesterol (LDL-C), hemoglobin (Hgb), eGFR and
C-reactive protein (CRP) were independent predictors of the
NT-proBNP/BNP ratio. Further univariate correlation analysis
indicated that BNP, NT-proBNP and their ratios were signifi-
cantly and negatively associated with BMI, Hgb and eGFR,
and positively associated with CRP. These findings indicated
that BMI, Hgb, eGFR and CPR affect NT-proBNP more than
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Table II. Multiple linear regression and univariate Spearman correlation analysis to assess influence of variables on BNP,
NT-proBNP and NT-proBNP/BNP.

Multiple linear regression analysis

Univariate Spearman correlation

(r2=0.62) analysis
NT-proBNP/BNP NT-proBNP/BNP BNP NT-proBNP
Variable Estimated coefficient P-value p P-value p P-value p P-value
BMI -0.25 0.04 -0.19 0.02 -0.22 <0.01 -0.16 0.05
LDL-C (log) -12.90 <0.01 -0.36 <0.01 -0.01 0.89 -0.13 0.12
Hgb -0.35 0.04 -0.29 <0.01 -0.16 0.03 -0.22 <0.01
eGFR (log) -18.60 <0.01 -0.58 <0.01 -0.46 <0.01 -0.52 <0.01
CRP (log) 321 <0.01 0.33 <0.01 0.15 0.05 0.19 0.02
Age (log) -13.20 0.09 0.04 0.62 0.02 0.81 0.02 0.80
Gender (male) 2.18 0.21 -0.02 0.83 0.01 091 0.03 0.68
LVEF 0.05 0.25 0.04 0.68 -0.28 0.01 -0.16 0.07
HbAlc (log) 0.28 0.98 -0.07 0.40 -0.07 0.34 -0.10 0.22
CK (log) 1.04 0.59 0.11 0.17 0.05 0.52 0.05 0.52

Log, logarithmic transformed values applied due to non-normal distribution; BNP, B-type natriuretic peptide; NT-proBNP, amino-terminal
pro-B-type natriuretic peptide; NT-proBNP/BNP, ratio of NT-proBNP and BNP; p, Spearman's rank correlation; BMI, body mass index;
LDL-C, low density lipoprotein cholesterol; Hgb, hemoglobin; eGFR, estimated glomerular filtration rate; CRP, C-reactive protein; LVEF, left

ventricular ejection fraction; HbAlc, glycated hemoglobin; CK, creatine kinase.
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Figure 1. BNP, NT-proBNP and ratio of NT-proBNP to BNP levels of patients in hospital. A total of 16 patients succumbed to heart failure and 179 survived
in hospital. Values of BNP [700.0 (331.2-1,465.9) vs. 1,613.7 (997.6-1,981.4), P=0.018], NT-proBNP [5,358 (1,525-14,169) vs. 18,449 (9,068-41,093), P=0.006]
and NT-proBNP/BNP ratio [8.4 (5.0-12.3) vs. 17.6 (7.3-28.3), P=0.0002] are significantly higher in the group who succumbed to heart failure in hospital than
those who survived. BNP, B-type natriuretic peptide; NT-proBNP, amino-terminal pro-BNP.

BNP. A significant and negative association was identified
between LDL-C and NT-proBNP/BNP, but not with either
NT-proBNP or BNP (Table II).

Predictive value of in-hospital mortality and long-term
outcome. A total of 16 (8.2%) patients succumbed to HF in
hospital and 124 (69.3%) had an endpoint of mortality or read-
mission following a median follow-up of 14 months (range,
8-20 months).

All BNP [700.0 (331.2-1,465.9) vs. 1613.7
(997.6-1,981.4), P<0.05], NT-proBNP [5,358 (1,525-14,169]
vs. 18,449 (9,068-41,093), P<0.01] and the ratio of NT-proBNP
to BNP [8.4 (5.0-12.3) vs. 17.6 (7.3-28.3), P<0.01] were signifi-
cantly increased in the patients who succumbed to HF, compared

with those who remained alive while in hospital (Fig. 1).
Logistic regression analysis including NT-proBNP/BNP,
NT-proBNP and BNP indicated that the NT-proBNP/BNP ratio
was the only independent predictor of in-hospital mortality
(Table IIT). The Kaplan-Meier survival curves for all-cause
mortality and readmission are presented in Fig. 2 for BNP,
NT-proBNP and the NT-proBNP/BNP ratio, respectively.
Quartiles of NT-proBNP and the NT-proBNP/BNP ratio
significantly differed (log-rank test, P=0.018 and P=0.0035,
respectively), whereas those of BNP (log-rank test, P=0.21) did
not. Cox proportional-hazard models of long-term outcomes
including NT-proBNP/BNP, NT-proBNP and BNP indicated
that the NT-proBNP/BNP ratio remained the only independent
predictor of long-term outcomes (Table I'V).
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Table III. Logistic regression analysis of in-hospital mortality of 16 patients.

DAI et al: PREDICTIVE VALUE OF BNP AND NT-proBNP IN CONGESTIVE HEART FAILURE

Model includes NT-proBNP/BNP,

Model includes NT-proBNP and BNP,

adjusted adjusted

Variable Estimated coefficient P-value Estimated coefficient P-value
NT-proBNP/BNP (log) -10.200 0.038 - -
BNP (log) - - 11.900 0.170
NT-proBNP (log) - - -14.800 0.090
Age (log) -15.400 0.100 12.500 0.640
Gender (male) 1.740 0.150 1.620 0.510
BMI 0.349 0.200 0.250 0.420
fEF 0.080 0.130 0.071 0.480
Hgb -0.812 0.130 -0.742 0.510
eGFR (log) -2.490 0.370 -2.730 0.620
LDL-C (log) 1.770 0.670 6.100 0.540
HbAlc (log) -17.100 0.180 7.960 0.670
CK (log) -3.620 0.090 -5.760 0.230
CRP (log) -1.860 0.120 -0.506 0.730

Log, logarithmic transformed values applied due to non-normal distribution; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; BNP,
B-type natriuretic peptide; NT-proBNP/BNP, ratio of NT-proBNP and BNP; BMI, body mass index; Hgb, hemoglobin; eGFR, estimated
glomerular filtration rate; LDL-C, low density lipoprotein cholesterol; CRP, C-reactive protein; LVEF, left ventricular ejection fraction; HbAlc,

glycated hemoglobin; CK, creatine kinase.
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Figure 2. Kaplan-Meier survival curves for all-cause mortality and readmission stratified according to Q of (A) BNP, (B) NT-proBNP and (C) ratio of
NT-proBNP to BNP. Red, green, blue and orange lines represent Q1, Q2, Q3 and Q4, respectively. Quartiles of NT-proBNP and NT-proBNP/BNP ratio
(log-rank test, P=0.018 and P=0.0035, respectively) significantly differed, whereas those of BNP did not (log-rank test, P=0.21). Q, quartiles; BNP, B-type
natriuretic peptide; NT-proBNP, amino-terminal pro-B-type natriuretic peptide.

Discussion

The present study demonstrated that the NT-proBNP/BNP
ratio predicts the in-hospital and long-term outcomes of

decompensated CHF more accurately than does the level of
either BNP or NT-proBNP at the time of admission. The majority
of previous studies (9,15,16) that have aimed to assess
the predictive value of BNP and NT-proBNP were based
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Table IV. Cox proportional-hazard models of long-term outcomes.

Model includes NT-proBNP/BNP,

Model includes NT-proBNP and BNP,

adjusted adjusted

Variable HR (95% CI) P-value HR (95% CI) P-value
NT-proBNP/BNP* 140 (1.01-1.93) 0.040 - -
BNP* - - 0.90 (0.55-1.46) 0.670
NT-proBNP* - - 1.39 (0.84-2.30) 0.200
Gender (female) 0.48 (0.26-0.84) 0010 042 (0.22-0.78) 0.005
eGFR* 0.63 (0.44-0.89) 0.009 0.63 (0.43-0.90) 0.012
Hemodialysis 2.35(1.52-4.38) 0.009 242 (1.54-4.32) 0.015
Age* 1.11 (0.86-1.45) 0.420 1.12 (0.85-1.47) 0.420
NYHA 0.82 (0.54-1.24) 0.350 0.91 (0.61-1.37) 0.660
BMI* 1.13 (0.88-1.46) 0.320 1.19 (0.90-1.57) 0.220
LDL-C* 0.91 (0.72-1.15) 0410 0.88 (0.69-1.12) 0.290
Hgb* 0.93 (0.68-1.26) 0.640 0.88 (0.63-1.22) 0.440
HbAlc* 0.93 (0.72-1.20) 0.580 0.89 (0.69-1.16) 0.400
CRP* 0.95 (0.73-1.23) 0.700 0.98 (0.75-1.27) 0.860

*All continuous variables transformed to ordinal data according to quartiles. HR was calculated between quartiles of these variables. HR, hazard
ratio; CI, confidence interval; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; BNP, B-type natriuretic peptide; NT-proBNP/BNP,
ratio of NT-proBNP and BNP; eGFR, estimated glomerular filtration rate; NYHA, New York Heart Association; BMI, body mass index;
LDL-C, low density lipoprotein cholesterol; Hgb, hemoglobin; CRP, C-reactive protein; HbAlc, glycated hemoglobin.

on data at the time of discharge, when these levels may be
more stable than at the time of admission and reflect the
basic and long-term ventricular status. However, an increase
at the time of discharge provides more current information
about exacerbation in acute HF. Therefore, the current study
predicted in-hospital and long-term outcomes of CHF on the
basis of the level of BNP and NT-proBNP upon admission.

Cardiac myocytes synthesize proBNP that is then trans-
formed into hormonally active BNP and inactive NT-proBNP.
Although it is suggested that they are released from the heart
in equimolar amounts, their half-lives and clearance path-
ways differ (7-9). Plasma clearance of BNP is achieved via
binding to natriuretic peptide receptor type C (NPR-C) and
proteolysis by neutral endopeptidases, whereas NT-proBNP is
primarily cleared by renal excretion (15,16). Exogenous atrial
natriuretic peptide (ANP) has been applied as part of a treat-
ment strategy for CHF (15). Both ANP and BNP competitively
bind to natriuretic peptide receptors but NT-proBNP does not.
Nishiyama et al (20) reported that infused exogenous ANP
(carperitide) influenced plasma BNP but not NT-proBNP.
Therefore, plasma BNP and NT-proBNP are of similar
relevance to the diagnosis and prognosis of HF but they are
not equal and each has a different role in the assessment of
HF due to different biological activities and sensitivities to
pharmacological therapy.

According to the method of Jensen et al (21), the current
study assumed that BNP and NT-proBNP are produced at
the same constant rate with a similar distribution volume in a
one-compartment model, and that the production and elimina-
tion rates are equal. The calculated NT-proBNP/BNP ratio is
10.9, when the supposed half-lives of BNP and NT-proBNP are
20 and 90 min, respectively. However, the median value of the

eNT-proBNP/BNP ratio in the present study was 8.7 (5.3-14.3),
which was potentially due to differences in the influence of
renal dysfunction on the elimination rate of NT-proBNP and
BNP.

The mammalian natriuretic peptide system consists of
the neurohormones, ANP, BNP, C-type natriuretic peptide
(CNP) and NT-proBNP. ANP, BNP and CNP have a common
17-amino acid ring structure in which the majority of the
amino acid residues are conserved. Atrial myocytes release
stored 28-amino acid ANP in response to atrial distension
and stretching (15,16). The physiological actions of ANP are
similar to those of BNP, including a reduction in systemic
vascular resistance and central venous pressure and an increase
in natriuresis (22). The ANP level has been demonstrated to be
significant in the prognosis of patients with atrial fibrillation
and CHF (23-25). However, BNP and NT-BNP appear superior
to ANP in the diagnosis of HF due to a closer association with
echocardiographic evidence of left ventricular dysfunction and
a longer half-life. Thus, the present study primarily focused on
BNP and NT-proBNP to reflect ventricular status.

The present study demonstrated that the major factors
affecting the NT-proBNP/BNP ratio included dystrophic
status (BMI, LDL-C), anemia (Hgb), renal dysfunction
(eGFR) and inflammation (CRP). Renal function (17,18,26,27),
obesity (28-30) and inflammation (19,21) are non-cardiac
factors that should be considered during BNP and NT-proBNP
evaluations.

The levels of BNP and NT-proBNP increase in patients
with renal failure (16). The clearance of NT-proBNP may
be more reliant upon renal filtration and the levels may thus
increase in response to renal failure to a greater extent than
those of BNP, since BNP is also cleared by receptor-mediated
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uptake and protease action; therefore, the NT-proBNP/BNP
ratio would increase (31-33). Jensen et al (21) suggested that
the increased NT-proBNP/BNP ratio is due to inflammation
increasing the level of NT-proBNP more than that of BNP.
Inflammation may increase BNP clearance mediated by
protease or receptors, thus balancing the increase in BNP
production. As NT-proBNP is not affected by these clearance
mechanisms, NT-proBNP is elevated to a larger extent by
inflammation, leading to an increased NT-proBNP/BNP ratio.
The mechanism of different effects of dystrophic status and
anemia on NT-proBNP and BNP remains unknown. However,
changes in the level of NPR-C, receptor-mediated uptake and
protease action in dystrophic and anemia status may be one
explanation.

Previous studies have primarily focused on the predictive
value of NT-proBNP and BNP and both have been demonstrated
to be predictors of CHF (9,16). However, each has advantages
and disadvantages in predicting the outcomes of CHF: BNP
has a shorter half life and may theoretically reflect more recent
ventricular status, whereas NT-proBNP has greater stability
and provides more information, but not regarding ventricular
tension and function. Thus, the NT-proBNP/BNP ratio
provides considerable information about parameters including
renal dysfunction, nutrition status, anemia and inflammation,
and may therefore serve as a new index in combination with
other biomarkers. The NT-proBNP/BNP ratio may be a more
useful and accurate predictor of CHF than single biomarkers.

Although the present study indicated some interesting
results, there were also a few limitations. Firstly, the present
study involved relatively small sample amounts. We would
involve a larger patient sample in a further study. Secondly, the
predictive function of the NT-proBNP to the BNP combining
method has not been compared with the classical methods
fully in a clinical setting. We will compare the present method
with the classical methods in a further study.

In conclusion, the NT-proBNP/BNP ratio is an improved
predictor of in-hospital and long-term outcomes of CHF,
compared with BNP or NT-proBNP alone. The NT-proBNP/BNP
ratio is negatively associated with Hgb, eGFR, BMI and positively
with CRP, as each variable exerts different effects on NT-proBNP
and BNP. Anemia, renal dysfunction, inflammation and dystro-
phic status affect NT-proBNP more than they affect BNP. Thus,
the NT-proBNP/BNP ratio may be useful to predict the short- and
long-term outcomes of patients with acute exacerbation of HF.
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