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Background: Although B-type natriuretic peptide (BNP) and N-terminal prohormone B-type natriuretic peptide
(NT-proBNP) are released in equimolar proportions, their values differ depending on clinical conditions. A useful
conversion formula between BNP and NT-proBNP remains to be developed for the clinical use.
Aim: To develop a conversion formula from BNP to NT-proBNP.
Methods: In the derivation cohort, 923 patients with chronic heart failure, in whom both BNP and NT-proBNP
values were available, were enrolled from our SUPPORT (Supplemental Benefit of ARB in Hypertensive Patients
with Stable Heart Failure using Olmesartan) trial. The validation cohort included 1154 consecutive patients with
or at risk of cardiovascular diseases, in whom both BNP and NT-proBNP values were measured simultaneously
at Tohoku University Hospital. We regressed log10 NT-proBNP onto log10 BNP and factors influencing BNP and
NT-proBNP values.
Results:We adopted the model with the smallest Akaike information criterion consisting of log10 BNP, age, sex,
BMI, creatinine clearance (CCr), hemoglobin, and atrial fibrillation (AF). As compared with the previously re-
ported conversion formulas, the present conversion formula utilized non-linear transformation by spline func-
tion, and exhibited the strongest correlation between actual and calculated values of NT-proBNP (r = 0.928).
The root mean squared error (RMSE) of the present conversion formula was smallest compared with the previ-
ously reported conversion formulas, indicating that this formula most effectively converts BNP values to NT-
proBNP values.
Conclusions:Wehave developed a useful conversion formula from BNP to NT-proBNP values, using age, sex, BMI,
CCr, hemoglobin, and AF, which could be widely used in daily clinical practice.

© 2018 Published by Elsevier B.V.
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1. Introduction

Clinical guidelines recommend measurement of B-type natriuretic
peptide (BNP) and/or N-terminal prohormone B-type natriuretic pep-
tide (NT-proBNP) for diagnosis of heart failure (HF) and prognostic
evaluation of patients with chronic HF (CHF) [1–3]. Moreover, BNP
values have been shown to predict mortality in apparently healthy sub-
jects and patientswithoutHF [4–6]. BNP is synthesized as a prohormone
of proBNP, with 108 amino acids [7].When released into the circulation,
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Sakata).
it is cleaved into the biologically active 32 amino acid BNP in equimolar
proportion, which represents the C-terminal fragment, and the biologi-
cally inactive 76 amino acid N-terminal fragment (NT-proBNP) [7].
However, their actualmolar values in theblood differ primarily depend-
ing on a difference in their clearance pathways; BNP is cleared from the
plasma by binding to the natriuretic peptide receptor type C and
through proteolysis by neutral endopeptidases, while NT-proBNP is
mainly cleared by renal excretion, resulting in a difference in the half-
life time between BNP and NT-proBNP (20 and 120 min, respectively)
[7].Moreover, several conditions, including age, sex, obesity, renal func-
tion, anemia, and atrial fibrillation (AF), have been shown to influence
both BNP and NT-proBNP values regardless of the severity of HF [1,8].
However, few conversion formulas between BNP and NT-proBNP [9–
16] have been previously developed with these factors, and a useful
conversion formula between BNP and NT-proBNP remains to be devel-
oped for clinical use. In the present study, we thus aimed to develop a
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Table 1
Baseline patient characteristics.

Derivation cohort
(N = 923)

Validation cohort
(N = 1154)

P value

Age (years) 65.9 ± 10.0 65.9 ± 14.1 0.900
Women (N, %) 239 (26) 473 (41) b0.001
BMI (kg/m2) 24.4 ± 3.8 24.8 ± 4.3 0.025
CCr (ml/min) 77.1 ± 29.7 71.4 ± 31.6 b0.001
Hb (g/dl) 13.8 ± 1.7 13.3 ± 1.9 b0.001
AF 274 (30) 166 (14) b0.001
log10 BNP (pg/ml) 1.9 ± 0.5 1.7 ± 0.5 b0.001
log10 NT-proBNP (pg/ml) 2.5 ± 0.5 2.4 ± 0.6 b0.001
BNP (pg/ml) 77 (36, 169) 51 (21, 125) 0.453
NT-proBNP (pg/ml) 361 (143, 847) 253 (87, 786) 0.036

Results are expressed as mean ± SD, IQR, or frequency (%).
AF, atrial fibrillation; BMI, body mass index; BNP, B-type natriuretic peptide; CCr, creati-
nine clearance; Hb, hemoglobin; NT-proBNP, N-terminal proBNP.
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useful conversion formula from BNP to NT-proBNPwith those factors in
cardiovascular diseases (CVD) patients.

2. Methods

2.1. Subjects

The present study was approved by the ethics board of Tohoku University Graduate
School of Medicine (2016-1-488) and registered in the University Hospital Medical Infor-
mation Network (UMIN) Clinical Trial Registry (UMIN000032258). Informed consent was
obtained in the formof opt-out on theweb site. The study cohorts consisted of a derivation
cohort from our previous trial, named Supplemental Benefit of ARB in Hypertensive Pa-
tients with Stable Heart Failure using Olmesartan (SUPPORT) trial (NCT00417222)
[17,18] (Table S1) and a validation cohort recruited at Tohoku University Hospital, Sendai,
Japan. The SUPPORT trial has been previously described in detail [17,18]. Briefly, the
SUPPORT trial examined whether an additive treatment with olmesartan, an angiotensin
II receptor blocker (ARB), reduces the mortality and morbidity in hypertensive CHF pa-
tients who had been treated with evidence-based medications. Inclusion criteria of the
SUPPORT trial were the followings; New York Heart Association (NYHA) functional class
II or over, history of hypertension or treated with anti-hypertensive medications, aged
20 or older and 80 years or younger at the entry, clinically stable with angiotensin-
converting enzyme inhibitors and/or β-blockers, and no prior treatment with ARBs.
Main exclusion criteria included patients who had renal dysfunction (serum creatinine
≥ 3.0 mg/dl) or severe liver dysfunction, or those who were under chronic hemodialysis.
In the present study, we enrolled 923 out of 1147 CHF patients whose BNP and NT-
proBNP values at enrollment were available from the SUPPORT trial. The validation cohort
included consecutive patients with or at risk of CVD in whom both BNP and NT-proBNP
values were measured simultaneously at the Department of Cardiovascular Medicine,
Tohoku University Hospital, Sendai, Japan, between April 2017 and October 2017
(Table S1). BNP and NT-proBNP values were measured in 1381 patients. If the measure-
ments were repeated in the same patient, values of the first measurement were used. Fi-
nally, after excluding patients aged b20 years, estimated glomerular filtration rate (eGFR)
b15ml/min/1.73m2, hemoglobin (Hb) values N 20 g/dl, or incomplete data of height, body
weight, creatinine, Hb, and/or AF, we enrolled 1154 CVD patients in the validation cohort.

2.2. BNP and NT-proBNP analysis

In the derivation cohort, blood samples were centrifuged within 30 min at 4 °C, and
were stored at −20 °C until assay. BNP values were measured with the MI02 Shionogi
BNP (Shionogi, measurement range, 4–2000 pg/ml). In the validation cohort, BNP values
were measured with the ARCHITECT BNP-JP (Abbott Japan, measurement range, 5.8–
14,510 pg/ml). NT-proBNP values were measured with the Elecsys NT-proBNP II (Roche
Diagnostics, measurement range, 5–35,000 pg/ml) in both the derivation and validation
cohorts. In order to ensure the reliability of the measurement values, we excluded out-
of-range values of BNP and NT-proBNP.

2.3. 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
clinical backgrounds between the derivation and the validation cohorts, we performed
Welch's t-test for continuous variables and Fisher's exact test for categorical variables. In
addition to BNP and NT-proBNP values, we used data of age, sex, height, bodyweight, cre-
atinine values, Hb values, and AF. AFwas defined as chronic AF, consisting of both perma-
nent and persistent AF, which had been diagnosed before blood sampling for BNP and NT-
proBNP measurements in the derivation cohort. We used the Minnesota code (8-3) [19]
for electrocardiography (ECG) to diagnose AF in the validation cohort. Body mass index
(BMI) was defined as the body weight divided by the square of the height. Creatinine
clearance (CCr) was calculated by the Cockcroft-Gault formula [20]. To develop the
conversion formula, we regressed log10 NT-proBNP onto covariates, where all possible
combinations of covariates were considered among log10 BNP, age, sex, BMI, CCr, Hb and
AF. In these regressionmodels, we applied either linear or non-linear functions for contin-
uous variables, log10 BNP, age, BMI, CCr, and Hb. Non-linear functions for log10 BNP, age,
BMI, CCr, and Hb were obtained by the cubic spline models and expressed as s(log10
BNP), s(age), s(BMI), s(CCr), and s(Hb). Finally, we developed the conversion formula
by selecting the set of the covariates with the smallest Akaike information criterion
(AIC) in thederivation cohort.We calculated eachNT-proBNP value using the present con-
version formula or other previously reported conversion formulas [9–14]. We calculated
correlation coefficients between log10 (measured NT-proBNP) and log10 (calculated NT-
proBNP) in the derivation cohort and the validation cohort overall. Moreover, we per-
formed subgroup analysis for age, renal function, and status of CVD in the validation co-
hort. We divided the patients into 4 subgroups by age (b60 years, N = 312; 60–
70 years, N = 324; 70–75 years, N = 194; ≥75 years, N = 324), 4 subgroups by eGFR
(b50 ml/min/1.73 m2, N = 312; 50–70 ml/min/1.73 m2, N = 330; 70–90 ml/min/
1.73 m2, N = 258; and ≥ 90 ml/min/1.73 m2, N = 254), and 3 subgroups by CVD status
(patients hospitalized to the Department of Cardiovascular Medicine, Tohoku University
Hospital within the past 1 year of the measurement time of BNP and NT-proBNP owing
to worsening HF (N = 128), those owing to CVD but not for worsening HF (N = 450),
and those without hospitalization within the past 1 year (N = 576). Then, we compared
the predictive accuracy of the conversion formula in the present study with those of the
previously reported formulas based on their values of the root mean squared error

(RMSE) [21] in the validation cohort; RMSE =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1=nÞ∑n

i¼1ðyi− f̂ ðx1i;…; xkiÞÞ
2

q
,

where yi is the i-th observation of NT-proBNP and f̂ is its calculated value with the co-
variates from x1i to xki. P value b0.05 was considered to be statistically significant. All
statistical analyses were performed with the open-source statistics computing software
R version 3.4.3. [22].
3. Results

3.1. Baseline characteristics

Table 1 shows baseline characteristics of the derivation and the val-
idation cohorts. Age was comparable between the 2 cohorts. In the der-
ivation cohort as compared with the validation cohort, proportion of
women was smaller, BMI was slightly lower, while CCr and Hb values
were higher. BNP and NT-proBNP values were higher in the derivation
cohort than in the validation cohort;medianBNPandNT-proBNPvalues
were 77 pg/ml and 361 pg/ml, respectively, in the derivation cohort,
while they were 51 pg/ml and 253 pg/ml, respectively, in the validation
cohort (Table 1).
3.2. The conversion formula

Table S2 shows the top 5 combinations which have the smallest AIC
values for log10 NT-proBNP among those of each variable either in the
linear regression model or cubic regression spline model. Among
them, we employed the model with the smallest AIC consisting of
log10 BNP, age, sex, BMI, s(CCr), Hb, and AF (Table S2), and developed
the conversion formula as follows; NT-proBNP = 10 ^ [2.05 + 0.907
∗ log10 BNP − 0.00522 ∗ Age + 0.00283 ∗ BMI − 0.00866 ∗ Hb
+ s(CCr) + 0.0164 (if women) + 0.194 (if with AF)]. In the pres-
ent model, s(CCr) was expressed by [−0.0422 ∗ CCr + 0.000530 ∗ CCr2

− 0.00000214 ∗ CCr3 − 0.00000278 ∗ max {0, (CCr − CCrq1)}3 +
0.00000621 ∗ max {0, (CCr − CCrq2)}3 − 0.00000133 ∗ max {0, (CCr
− CCrq3)}3] for the truncated power basis representation in the cubic
spline function [23] with knot sequence set of (CCrq1, CCrq2, CCrq3)
the 25th, 50th, and 75th percentiles CCr in the derivation cohort, re-
spectively. Finally, we developed the conversion formula as NT-
proBNP = 10 ^ [2.05 + 0.907 ∗ log10 BNP − 0.00522 ∗ Age + 0.00283
∗ BMI − 0.00866 ∗ Hb − 0.0422 ∗ CCr + 0.000530 ∗ CCr2 −
0.00000214 ∗ CCr3 − 0.00000278 ∗ max {0, (CCr − 56.5)}3 +
0.00000621 ∗ max {0, (CCr − 72.4)}3 − 0.00000133 ∗ max {0, (CCr
− 93.7)}3 + 0.0164 (if women) + 0.194 (if with AF)]. In order to auto-
matically calculate NT-proBNP value, we developed the auto-calculation
tool (Fig. S1) (https://www.cardio.med.tohoku.ac.jp/calc/nt-probnp.
html).
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Fig. 1. Correlations betweenmeasured and calculated values of NT-proBNP in the derivation cohort (A) and in the validation cohort (B). The grey solid lines and dotted lines indicate 80%
and 95% prediction intervals, respectively.
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3.3. Correlation between calculated and measured NT-proBNP values

Fig. 1 shows scatter plots for the correlations between calculatedNT-
proBNP values (calculated from BNP values with the conversion for-
mula) and actual measured NT-proBNP values for the derivation and
the validation cohorts. Correlation coefficients between calculated NT-
proBNP and measured NT-proBNP values were excellent in both the
derivation and the validation cohorts (0.923 and 0.928, respectively).
In the subgroup analyses, correlation coefficients were 0.920, 0.934,
0.915, and 0.932 for patients with age b60, 60–70, 70–75, and
N75 years, respectively (Fig. S2), 0.925, 0.923, 0.934, and 0.879 for
those with eGFR b50, 50–70, 70–90, and N90 ml/min/1.73 m2, respec-
tively (Fig. S3) and 0.930, 0.918, and 0.918 for those hospitalized
owing to worsening HF, those hospitalized owing to CVD except wors-
ening HF, and those who had not been hospitalized, respectively
(Fig. S4).
3.4. Comparison with previous formulas

Fig. 2A and B show scatter plots depicting correlations between
calculated and measured NT-proBNP values based on the previ-
ously reported conversion formulas and the present one in the der-
ivation and the validation cohort, respectively. As compared with
the conversion formulas, the present conversion formula exhibited
the strongest correlation between calculated and actually mea-
sured NT-proBNP values. Table 2 shows RMSE of each conversion
formula in the validation cohort. RMSE of the present conversion
formula was 0.251, which was the smallest among those of the
present and previously reported conversion formulas, indicating
that this formula could most excellently convert BNP to NT-
proBNP values.
4. Discussion

In the present study, we have developed a useful and reliable con-
version formula from BNP to NT-proBNP values in CVD patients. Non-
linear multiple analysis based on large-scale data enable us to develop
an accurate conversion formula and to confirm the accuracy of external
validation.
4.1. The conversion formula available in both HF and non-HF cohorts

Previous conversion formulas were derived from study subjects
with various types of diseases and symptoms, including patients with
dyspnea, suspected HF and suspected acute coronary syndrome
(Table 2), and had no validation cohorts. In the present study, we
have developed the conversion formula from the cohort of our
SUPPORT trial, consisting of stable CHF patients with hypertension,
and validated its accuracy in patients with various severity of CVD, in-
cluding thosewith andwithout HF, all of whom visited outpatient clinic
or were hospitalized at the Department of Cardiovascular Medicine,
Tohoku University Hospital. As a result, we confirmed an excellent esti-
mation from BNP to NT-proBNP with the conversion formula in the val-
idation cohort, with the smallest RMSE, as compared with the previous
formulas (Table 2) [9–16]. Thus, we may conclude that the present
formula is useful in various CVD patients to calculated NT-proBNP
values from the BNP values.

4.2. Subgroup analyses

Subgroup analyses in the validation cohort showed comparable ac-
curacy of the present calculated conversion formula among patients di-
vided by age, renal function, or CVD status, indicating that our
conversion formula is useful in a broad range of patients. However, fur-
ther validation studies arewarranted to confirm the accuracy amongHF
patients, since BNP/NT-proBNP ratiomay differ depending on the sever-
ity of HF, possibly due to impaired conversion from proBNP to BNP and
NT-proBNP by specific proteases [24–26].

4.3. Accuracy of the present conversion formula

In the present study, we have developed the new conversion for-
mula, which could be useful in daily practice particularly when a physi-
cian needs to calculate a NT-proBNP value from the previously or
currently measured BNP value. As compared with the previously re-
ported formulas, the present formula has strength in accuracy to calcu-
late NT-proBNP values, for the following reasons. First, the present
formula has been derived from the SUPPORT trial with the largest sam-
ple size compared with the previous formula derivation cohorts. Sec-
ond, the formula includes factors that could affect the values of BNP



Fig. 2. Comparisons between the previous formulas and the present formula in the derivation cohort (A) and in the validation cohort (B).
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and/or NT-proBNP. As shown in Table S3, several factors, such as age
[27,28], sex [27,28], obesity [29–32], renal function [33,34], anemia
[34,35] and AF [36,37] have been reported to influence BNP and/or
NT-proBNP values, and some of them differently affect BNP and NT-
proBNP values [38–42]. However, the previous formulas did not include
those factors except that by Alibay et al. that only included renal func-
tion. In addition, to further improve the accuracy, we examined all pos-
sible combinations of linear and non-linear terms of the candidate



Table 2
Comparisons with the previous conversion formulas.

Year Author Derivation cohort (N) Variables in model Validation
cohort (N)

RMSE in the present
validation cohort

2006 Sanz MP et al. [9]
(Adiva BNP assay)

Patients with acute dyspnea and a control group (100) BNP None 0.417

2006 Sanz MP et al. [9]
(Access BNP assay)

Patients with acute dyspnea and a control group (100) BNP None 0.359

2003 Yeo KT et al. [10] Not reported (327) BNP None 0.925
2001 Fischer Y et al. [11] Patients with underlying cardiac disease and suspected HF (95) BNP None 0.295
2005 Cameron SJ et al. [12] Patients with suspected acute coronary syndromes (420) log10 BNP None 1.464
2008 Mair J et al. [13] Consecutive samples for routine NT-proBNP determination (458) log10 BNP None 0.352
2005 Alibay Y et al. [14] Patients with acute dyspnea (160) log10 BNP, CCr None 0.253
2003 Lainchbury JG et al. [15] Patients with acute dyspnea (205) Not reported None Not available
2013 Curiati MN et al. [16] Consecutive samples (138) Not reported None Not available

The present study HF patients (923) log10 BNP, Age, Sex, BMI,
s(CCr), Hb, AF

HF and non-HF
patients (N = 1154)

0.251

AF, atrialfibrillation; BMI, bodymass index; BNP, B-typenatriuretic peptide; CCr, creatinine clearance;Hb, hemoglobin;HF, heart failure;NT-proBNP, N-terminal proBNP; RMSE, rootmean
squared error.
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covariates for the conversion formula. Moreover, since BNP and NT-
proBNP data usually follow a lognormal distribution [43], we used log
transformation of BNP and NT-proBNP values, which was not necessar-
ily employed in the previous formulas. These attempts, including deri-
vation from a large-scale cohort, multiple variable approach,
consideration of non-linear regression, and employment of log10 trans-
formation of BNP and NT-proBNP values, enabled us to provide a more
reliable formula. Of note, the present formula also showed the smallest
RMSE in the validation cohort, indicating the most excellent estimation
accuracy among others.

4.4. Perspectives of the present conversion formula

Recently, an angiotensin receptor neprilysin inhibitor (ARNI)
LCZ696 has been developed as a new drug, which consists of the
neprilysin inhibitor sacubitril (AHU377) and the ARB valsartan [2,44–
46]. Since ARNI showed superiority to enalapril in reducing the risks
of death and hospitalization for HF [45], the latest clinical guidelines in
the US [46] and Europe [2] recommend the use of ARNI as a first choice
for the treatment of CHF patients. However, since BNP is a substrate for
neprilysin, BNP values are inaccurate for evaluating the cardiovascular
protective effects of ARNI, which is not the case for NT-proBNP [47].
Since ARNI is yet available in Japan [48], patients treated with ARNI
were not included in the derivation or validation cohorts in the present
study. However, since the present formula may not convert BNP to NT-
proBNP values accurately in patients treatedwith ARNI, the present for-
mula should be used under recognition of the influence of this drug in
daily practice.

4.5. Study limitations

Several limitations should bementioned for the present study. First,
in the present study, AF was defined as chronic AF consisting of both
permanent and persistent AF in the derivation cohort, while the valida-
tion cohort had no data for prior or present history of AF, where 69% of
the patients (N = 799) underwent both ECG and blood sampling for
BNP and NT-proBNP measurements on the same day. Second, in the
present study, the derivation cohort included Stage C/D CHF patients,
and validation cohort patientswith or at high risk of CVD in our hospital.
Thus, it is unclearwhether the present conversion formula could be use-
ful for general population. Third, although elapsing time from blood col-
lection to measurement affects the correlation between BNP and NT-
proBNP, the present formula does not include it. Fourth, because it has
been reported that BNP values differ among immunoassay methods
up to 2-folds [49], the accuracy of the present formulamay beweakened
when using BNP assays except for the MI02 Shionogi BNP and the
ARCHITECT BNP-JP. Finally, since both the derivation and the validation
cohorts consist of Japanese patients alone, cautions should be taken
when generalizing the present conversion formula to other racial popu-
lations [50].
4.6. Conclusions

Wewere able to develop a clinically useful conversion formula from
BNP values to NT-proBNP values in CVD patients, considering the influ-
ences of age, sex, BMI, CCr, Hb, and AF. The present formula will help
physicians to calculate NT-proBNP values from BNP values in daily clin-
ical practice.
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