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NT-proBNP test with improved accuracy for the
diagnosis of chronic heart failure

Yesheng Pan, MD?, Dongjiu Li, BS®, Jian Ma, MDP, Li Shan, MS®, Meng Wei, MD®"

Abstract \
The circulating concentration of N-terminal pro-brain natriuretic peptide (NT-proBNP) has been shown to be a diagnostic tool for the \
detection of heart failure. Several factors influence NT-proBNP levels including age, sex, and body mass index (BMI). Therefore,
the diagnostic sensitivity of NT-proBNP level for heart failure is relatively higher, but its specificity is low. This study aims to improve the
diagnostic accuracy rate of this test by including multiple variables in the diagnostic test.

The suspected chronic heart failure outpatients were divided into heart failure with reduced ejection fraction, heart failure with mid-
range ejection fraction, heart failure with preserved ejection fraction, and normal heart function groups. Area under the receiver-
operating characteristic (ROC) curve, cut-off value, and logistic regression analysis were used to select the model variables, sensitivity
and specificity.

In all, 436 subjects enrolled into this study were divided in 2 groups: model establishment (n=300) and model validation (n= 136).
In the model establishment group, the area under the curve (AUC) and cut-off value of NT-proBNP was 0.926 and 257.4 pg/mL,
respectively. When age, glomerular filtration rate, BMI, atrial fibrillation, and sex were entered into the diagnosis model, AUC,
sensitivity, and specificity further increased to 0.955 (95% confidence interval [Cl] 0.934, 0.976), 94.2% (from 93.0%), and 86.7%
(from 74.2%). The ROC curve of corrected NT-proBNP diagnostic formula for heart failure was also significantly higher (P=.037).

The corrected NT-proBNP diagnostic formula was found to improve the diagnostic accuracy of chronic heart failure.

Abbreviations: ALT = alanine aminotransferase, ANP = atrial natriuretic peptide, AUC = area under the curve, BMI = body mass
index, BNP = brain natriuretic peptide, eGFR = estimated glomerular filtration rate, HoA1C = glycosylated hemoglobin, HFmrEF =
heart failure with mid-range ejection fraction, HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure with reduced
gjection fraction, NT-proBNP = N-terminal pro-brain natriuretic peptide, ROC = receiver-operating characteristic, UA = uric acid, Y| =

Youden index.
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1. Introduction

Atrial natriuretic peptides (ANPs) and brain natriuretic peptides
(BNPs) are secreted from cardiomyocytes in response to atrial/
ventricular dilation or volume overload. Although ANP is
synthesized in atrium and BNP in ventricles, both can be
synthesized in either chamber under pathological conditions. In
response to volume expansion or stress, pre-proBNP is released

Editor: Phil Phan.
YP and DL contributed equally to this study.

Funding: This study was supported by Shenkang General Program
(SHDC12015318) and the National Natural Science Foundation of China
(81300177).

The authors declared that they had no conflicts of interest.

2 Department of Cardiology, Shanghai East Hospital, ° Department of Cardiology,
Shanghai Sixth People’s Hospital, © School of Public Health, Fudan University,
Shanghai, China.

) Correspondence: Meng Wei, Department of Cardiology, Shanghai Sixth
People’s Hospital, No. 600 Yishan Road, Shanghai 200030, China
(e-mail: sh6thdc@126.com).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Medicine (2017) 96:51(€91817)

Received: 12 June 2017 / Received in final form: 16 November 2017 /
Accepted: 18 November 2017

http://dx.doi.org/10.1097/MD.0000000000009181

and is subsequently cleaved to pro-BNP. This is further cleaved to
biologically active BNP and inactive N-terminal fragment (NT-
proBNP).1"?I The circulating levels of NT-proBNP and BNP have
been widely applied in diagnosis and prognosis assessment of
heart failure.>=*!

According to the 2016 ESC acute and chronic heart failure
guidelines, circulating levels of NT-proBNP and BNP can be used
as an initial diagnostic test. The cut-off values of NT-proBNP and
BNP for patients without acute heart failure are 125 and 35 pg/mL,
respectively.”! Patients whose medical history or symptoms
suggest heart failure and if their NT-proBNP/BNP values show
higher than the upper limit, they are required to undergo further
examination such as echocardiography. NT-proBNP/BNP values
have been used as a screening index, as its negative predictive value
is relatively high (94%-98%), whereas the positive predictive
value is low (44%-57% for nonacute heart failure, 66 %-67% for
acute heart failure).’~15!

The BNP levels of the patients can be affected by multiple
factors including age, reduced renal function, and atrial
fibrillation, which lead to increased levels of NT-proBNP/
BNP.!"! Similarly, clinical setting such as aortic stenosis, acute
pulmonary embolism, or severe pulmonary hypertension [>16722!
can cause increase in natriuretic peptides levels, whereas factors
such as obesity can lead to reduced NT-proBNP/BNP levels.[?3->4!
Thus, the diagnostic accuracy of the NT-proBNP/BNP test is low.

Echocardiography is considered to be the investigation of
choice for confirming cases of cardiac dysfunction; however, it is
limited by its cost and requirement of trained doctors for its
clinical interpretation,>*>! where the accuracy of the diagnosis
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is correlated with the experience of the ultrasound doctors.*”! In
addition, for heart failure patients with heart failure with reduced
ejection fraction (HFrEF), the diagnostic accuracy of ultrasound
is higher. For patients with heart failure with preserved ejection
fraction (HFpEF), it is required to combine the ultrasound results
with clinical signs, symptoms, and BNP results. Other diagnostic
methods for heart failure include cardiac magnetic resonance
imaging (MRI), stress test, and invasive left ventricular filling
pressure measurement. These techniques involve invasive opera-
tion procedures and high costs. The above mentioned diagnostic
methods are used in the cases where clear diagnosis by routine
examinations cannot be obtained.””) Thus, there is a need to
improve the diagnostic accuracy of NT-proBNP/BNP test for
heart failure, which could prove beneficial in the field of chronic
heart failure.

In this study, we devised an integrated multivariate analysis
combined with the NT-proBNP test, which could significantly
increase the diagnostic accuracy of heart failure.

2. Methods
2.1. Study population

The suspected heart failure outpatients with symptoms of fatigue
or breathlessness after activities and lower-extremity edema were
enrolled into this study. The patients were screened between June
2014 and December 2015, and a total of 436 subjects from
Shanghai Sixth People’s Hospital were enrolled into this study.
This study was approved by the ethics committee of Shanghai
Sixth People’s Hospital (2013-KY-021(K)-(1)). Written informed
consent was obtained from each patient.

The inclusion criteria were: >20 years of age; suspected
symptoms or signs of heart failure without obvious changes
within 1 week; and New York Heart Association (NYHA)
classification: NYHA I to III. The exclusion criteria were: acute
myocardial infarction within 2 weeks; severe valvular heart
disease; acute pulmonary embolism; severe infection or sepsis;
acute decompensated heart failure; or diagnosis of heart failure by
echocardiography, radionuclide imaging, or MRI within the past 3
months.

The patients diagnosed with heart failure based on the
symptoms and the echocardiography results were further divided
into the following 3 groups*8-3%

(i) HFrEF: The patients had clinical symptoms and/or signs of
heart failure, and single plane Simpson method showed
LVEF <40%.

(i) HFpEF borderline (named heart failure with mid-range ejection
fraction [HFmrEF] in the 2016 ESC guideline): The patients had
clinical symptoms and/or signs of heart failure, and single plane
Simpson method showed LVEF of 41% to 49%.

(iii) HFpEF: The subjects met all the criteria: the patient had
clinical symptoms and/or signs of heart failure; single-plane
Simpson method showed LVEF >50%; relevant structural
heart disease (left ventriocular hypertrophy/left atrial
enlargement) or diastolic dysfunction. The result of tissue
Doppler echocardiography showed E/e’ >15 or the result of
tissue Doppler echocardiography showed E/e’ =8 to 15 with
enlarged left atrium (left atrial volume >34 mL/m?) or left
ventricular hypertrophy. All patients were consecutively
enrolled in into this study. Since the study, design, and
grouping was conducted in 2014, we used the 2012 ESC and
2013 ACCF/AHA diagnostic criteria rather than the 2016
diagnostic criteria for heart failure diagnosis.
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2.2. Clinical parameters
The different clinical parameters were calculated as follows.

2.2.1. Body mass index. The BMI was derived from the weight
and height of each patient.

BMI = weight/(height)®

The weight and height were expressed in units of kilograms
and meters.

2.2.2. Persistent atrial fibrillation. Atrial fibrillation lasted for
more than 7 days, and confirmation of atrial fibrillation was done
by electrocardiography before recruitment.

2.2.3. Diabetes mellitus. The diagnostic criteria (according to
the American Diabetes Association guidelines 201331) for
diabetes mellitus included fasting plasma glucose levels >126 mg/
dL or 2-hour plasma glucose levels >200mg/dL or random
plasma glucose levels in a patient (with symptoms of hyperglyce-
mia) >200 mg/dL. Fasting was defined as no calorie intake for at
least 8 hours.

2.2.4. Estimated glomerular filtration rate. Estimated glomer-
ular filtration rate (eGFR) was calculated by the following 4-
component Modification of Diet in Renal Disease equation?
which incorporates age, race, sex, and serum creatinine
concentration: eGFR=186 x (serum creatinine [mg/dL])—
1.154 x (age [years]) —0.203 x 0.742 (for women).

2.3. Laboratory analysis

The patients fasted overnight for a minimum of 8 hours and rested
for 15 minutes before venipuncture. Venous blood was drawn into
EDTA (hemoglobin and NT-proBNP) and heparin tubes (creati-
nine, sodium, and potassium), and either promptly centrifuged at
4°C and plasma analyzed the same day, or stored as frozen plasma
at —80°C in aliquots. We analyzed plasma concentrations of
sodium, potassium (HITACHI 7600-120), creatinine (15), and
hemoglobin (Sysmex XE 2100) on the day of collection. Plasma
concentrations of NT-proBNP were analyzed by electrochemilu-
minescence on a Roche cobas e 411.13 This assay uses 2 epitopes:
one in the C-terminus (1-21 region) and another in the 39 to 50
region of proBNP 1 to 76. Imprecision values were 2.9 % and 6.1%
in the high and low range, respectively.

2.4. Echocardiography

Doppler echocardiographic examination (IE33 Phillips) evaluat-
ing the systolic and diastolic functions were performed with the
patient in supine left position. Values for systolic function were
expressed as LVEF whereas, diastolic dysfunction was defined by
an increased mitral inflow velocity (E) to tissue Doppler (¢’) ratio
(E/e’). 2-dimensional echocardiogram from the apical view was
used to determine the systolic ejection fraction by planimetry of
the left ventricle (using modified Simpson method). Tissue
Doppler signals were measured at septal and lateral sides of the
mitral annulus, and its average was calculated.

2.5. Statistical analysis

Data were statistically processed and analyzed using the SPSS
16.0 software package. Continuous data were tested for normal
distribution using the Kolmogorov-Smirnov test. Descriptive
statistics were presented as mean + standard deviation (SD), and
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percentages for continuous data and categorical data. NT-
proBNP levels were non-normally distributed and were analyzed
using the nonparametric Kruskal-Wallis test. Analysis of
continuous and categorical data was performed by 2-sample ¢
test and chi-square test, respectively. 1-way analysis of variance
was used to evaluate the differences among the groups (more than
2 groups). Multivariate logistic regression was used to establish
the basic diagnosis model and area under the curve (AUC) was
used to screen the model variables. The targeted and reasonable
diagnosis model was the one which used minimal variables and
obtained the maximum AUC value. The original model was
constructed using NT-proBNP, age, eGFR, and BMI. Then, the
remaining screening parameters were gradually included in the
model. After achieving the best AUC, variables were removed to
confirm that they contributed to optimal AUC. The targeted
variables were applied to establish the formula of logistic
regression and ROC curve, and the cut-off value was calculated
as: Youden index (YI)=sensitivity (1— specificity). Based on
logistic regression and cut-off values, patients with heart failure
of the validation data set were diagnosed, and sensitivity and
specificity were calculated. In the validation dataset, the STAT
software was used to compare the ROC curves of the 2 different
diagnostic methods.

2.6. Sample size estimation for model establishment

Sample size estimation was calculated by the following formula:
N=10k/p, where p is the smallest of the proportions of positive
cases in the population and k the number of covariates (the
number of independent variables).

The estimated positive detection rate, maximum independent
variable number, and minimum sample size of heart failure in the
subject population were 50%, 10, and 200, respectively. To
ensure the data reliability, a total of 450 patients with suspected
chronic compensated heart failure were enrolled. The former 300
cases were entered into a dataset of model establishment, and the
diagnostic model of NT-proBNP was established. The latter 150
cases were entered into dataset of model validation.

3. Results

According to the study design, the first 300 cases were entered
into the model establishment dataset, and the latter 136 cases
were entered into the model validation dataset. The general data
and main laboratory test results are listed in Table 1. The
screened variables include sex, age, BMI, eGFR, persistent atrial
fibrillation, diabetes, hemoglobin, serum alanine aminotransfer-
ase (ALT), blood uric acid (UA), and glycosylated hemoglobin
(HbA1C). The mean age of the patients in the validation dataset
was higher than the patients of model establishment dataset
(P=.003). There was no significant difference in other baseline
data between the 2 groups.

According to previous heart failure diagnostic criteria, a total
of 245 cases were diagnosed as chronic heart failure. Of them,
100 cases were HFrEF (LVEF <40%), 60 cases were HFmrEF
(LVEF 41%-49%), and 85 cases were HFpEF (LVEF >50%)
(Table 2). The LVEF value of HFrEF patients was significantly
lower than that of the other groups (P<.001). There was a
significant difference in the NT-proBNP value among the groups
(HFrEF > HFmrEF > HFpEF > non-CHF; P<.001). The age of
these groups were also significantly different, with the mean ages
of the HFpEF and non-CHF groups being significantly higher
than that of the HFrEF group (P=.008 and .003, respectively).

www.md-journal.com

Baseline characteristics of the patients.

Model establishment Model validation
data set (n=300) data set (n=136) P

Age, ¥ 65.6+14.3 69.7+12.1 .003
Male sex, n (%) 204 (68) 88 (65) 456
BMI, kg/m? 242+3.7 247+36 167
HR, bpm 713116 69.4+9.6 100
SBP, mm Hg 117.4+16.8 120.5+15.0 .066
DBP, mm Hg 66.0+9.0 67.5+9.5 123
AF, n (%) 37 (12) 26 (19) 057
DM, n (%) 92 (31) 40 (29) 725
NYHA (grade) 21+03 21403 .995
LVEF, % 51.2+127 52.5+134 317
eGFR, mL/min 1.73m? 723271 71.9+26.9 .898
UA, pmol/L 446.9+142.5 419.1+£138.7 .893
Hgb, g/L 129.4+20.5 127.9+18.4 467
ALT, UL 28.2+241 271.2+19.4 678
NT-proBNP, ng/L, median (IQR) 366 (162, 855) 411 (137, 1051)  <.001
HbA1C, % 6.4+1.1 6.5+1.3 .948

AF =atrial fibrillation, ALT =alanine aminotransferase, BMI=hody mass index, DBP = diastolic blood
pressure, DM =diabetes mellitus, eGFR=estimated glomerular filtration rate, Hgb=hemoglobin,
HR=heart rate, IQR=interquartile range, LVEF=Ieft ventricular ejection fraction, SBP = systolic
blood pressure, UA=uric acid.

Compared with the nonheart failure patients, the renal function
(eGFR) of heart failure patients (including HFrEF, HFmrEF, and
HFpEF patients) was significantly reduced (P=.003, P=.007,
P=.008, respectively), whereas UA levels were increased
(P<.001, P=.036, P=.101, respectively). Both systolic and
diastolic blood pressure of heart failure patients was lower than
that of the nonheart failure patients (P <.001). The trial included
132 patients with diabetes (including type 1 and type 2 diabetes;
however, most patients were type 2 diabetes according to the
medical history) and 63 patients with persistent atrial fibrillation.
There was no significant difference in the proportion of diabetic
and persistent atrial fibrillation patients in HFrEF, HFmrEF,
HFpEF, and non-CHF groups (DM: P=.651; AF: P=.377). The
other parameters such as sex ratio, Hgb, HbA1C, and ALT also
did not show any statistical difference between the groups.

Nonstratified NT-proBNP values were used to diagnose
chronic heart failure in patients (n=436) to understand the
diagnostic efficacy of the nonstratified NT-proBNP values in this
study. ROC curve was used as the gold standard and the AUC of
NT-proBNP value was 0.924 (95% CI 0.901, 0.947) in all
patients (Fig. 1). In addition, when selecting 258.80 pg/mL as NT-
proBNP cut-off value, YI value reached maximum (0.6473). The
sensitivity and specificity were calculated as 91.4% and 73.3%
for diagnosis of chronic heart failure, respectively.

In the 300 patients of the model establishment dataset, AUC of
the NT-proBNP value for the diagnosis of chronic heart failure
was 0.926 (95% CI 0.898, 0.957). The cut-off value was 257.4
pg/mL, and the sensitivity and specificity were 93.0% and 74.2%,
respectively. It has been previously shown that age, renal function
(eGFR), and BMI could affect the NT-proBNP values. Thus, in
this study, chronic heart failure was set as the targeted variable,
and NT-proBNP, age, eGFR, and BMI were considered as the
covariables. According to the diagnostic standard, ROC curve
was drawn, and the AUC value of the diagnostic model was
found to be 0.945 (95% CI10.921, 0.96). The remaining variables
were entered into the model and it was found that addition of
variables, sex, and atrial fibrillation could further increase the
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Demographic and clinical parameters between CHF and non-CHF patients.

HFrEF HFmrEF HFpEF Non-CHF
n 100 60 85 191
Age, y 63.5+14.8"F 65.5+16.0 68.8+13.1 68.2+12.3
Male sex, n (%) 76 (76) 35 (58) 53 (62) 128 (67)
BMI, kg/m? 23.9+44 24.0+3.6 246+3.7 245+32
HR, bpm 72.0+10.1 69.7+10.0 68.2+10.2 71.5+11.0
SBP, mm Hg 110.4+15.2 109.3+12.7 116.5+15.1 126.3+14.7
DBP mm Hg 65.4+7.4 621+7.0 65.1+9.0 69.1+10.0
AF, n (%) 18 (18) 8 (13) 15 (18) 22 (12)
DM, n (%) 26 (26) 20 (33) 28 (33) 58 (30)
NYHA (grade) 21+0.3 21+02 21+03 -
LVEF, % 31.8+5.9 " 45.8+2.4 57.8+5.0 61.0+5.2
eGFR, mL/min 1.73m? 67.8+26.5 67.1+28.6 68.5+28.5" 77.7+252
UA, pmol/L 489.2+155.8" 451.0+149.0° 437.5+158.4 407.9+114.2
Hgb, g/L 131.2+20.7 128.2+22.2 124.7+21.2 130.£17.7
ALT, UL 31.9+27.5 29.5+35.4 25.8+19.5 26.2+14.8
NT-proBNP, ng/L, median (IQR) 1065 (828, 1923)""* 607 (431, 1086)"* 410 (272, 922)1 132 (69, 285)
HbAC, % 6.5+1.2 6.7+1.5 6.3+1.0 6.4+1.0
ACEI/ARB, n (%) 29 27 26 24
3-blocker, n (%) 20 15 19 16
Diuretics, n (%) 24 20 22 15

AF =atrial fibrillation, ALT = alanine aminotransferase, BMI=body mass index, DBP = diastolic blood pressure, DM = diabetes mellitus, eGFR = estimated glomerular filtration rate, Hgb = Hemoglobin, HR = heart
rate, IQR=interquartile range, LVEF =left ventricular ejection fraction, SBP =systolic blood pressure, UA=uric acid.

“P<.01 vs HFMIEF.
" P<.05 vs non-CHF.
#P< .05 vs HFpEF.

AUC value to 0.955 (95% CI 0.934, 0.976). Changes in AUC
were not observed when other variables were entered. Neverthe-
less, when any 1 variable including age, eGFR, BMI, atrial
fibrillation, or sex were excluded, the AUC value decreased.
Thus, these 5 variables and NT-proBNP were chosen as
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Figure 1. Receiver-operating characteristic (ROC) curve of uncorrected NT-
proBNP as a diagnostic test for the detection of chronic heart failure. NT-
proBNP =N-terminal pro-brain natriuretic peptide.

covariates, and logistic regression model was obtained as
follows:  Logit(P)=—4.984+(0.012 x NT-proBNP) +(0.032 x
eGFR) — 0.041 x age +(0.066 x BMI)—2.830 (AF [0=no, 1=
yes]) —0.167 (sex [0 =male, 1=female]).

Change in AUC for different models is shown in Table 3. The
ROC curve and the cut-off value were obtained (the optimal
critical cut-off value for the diagnosis of chronic heart failure was
determined when YI value achieved the maximum [0.8090])
during the process of model establishment. The cut-off value was
0.3913, and its corresponding sensitivity and specificity were
94.2%, and 86.7%, respectively (Fig. 2).

The 136 cases of suspected chronic heart failure in the
validation dataset were diagnosed through the corrected NT-
proBNP diagnostic formula. The diagnostic results were
descriptively evaluated according to the previous diagnostic
criteria. The sensitivity and specificity of the corrected NT-
proBNP model for heart failure diagnosis were 91.2% and
91.5%, respectively, in contrast to the diagnostic sensitivity and
specificity of simple NT-proBNP, which were 87.7% and 71.4%,
respectively. The negative and positive predictive values of NT-

Change in AUC for different models.

Variables AUC value
NT-proBNP 0.926
NT-proBNP, age, eGFR, BMI, 0.945
NT-proBNP, age, sex, eGFR, BMI, AF 0.955
NT-proBNP, age, eGFR, BMI, AF 0.954
NT-proBNP, sex, eGFR, BMI, AF 0.952
NT-proBNP, age, sex, eGFR, AF 0.954
NT-proBNP, age, sex, BMI, AF 0.947
NT-proBNP, age, sex, eGFR, BMI 0.945

AF=atrial fibrillation, AUC=area under the curve, BMI=body mass index, eGFR=estimated
glomerular filtration rate, NT-proBNP =N-terminal pro-brain natriuretic peptide.
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Figure 2. Receiver-operating characteristic (ROC) curve of the model
establishment dataset for the detection of chronic heart failure.

proBNP diagnosis model for heart failure were 90.5% and
91.8%, respectively. The negative and positively predictive values
of simple NT-proBNP (257.4 pg/mL) were 83.3% and 78.0%,
respectively. The ROC of corrected NT-proBNP diagnosis model
for heart failure also increased (0.963) compared with the
noncorrected test (0.924) (P=.037) (Fig. 3).

4. Discussion

In clinical practice, blood levels of both BNP and NT-proBNP are
used for the diagnosis and prognosis of heart failure, but its
diagnostic value is limited. Therefore, this study aimed to
improve the diagnostic accuracy rate of this test by including
multiple variables in the diagnostic test. The results showed that
the corrected NT-proBNP diagnostic formula was found to
improve the diagnostic accuracy of chronic heart failure.

In this study, NT-proBNP was selected as the diagnostic tool
because of the following reasons: compared with BNP, the
biological half-life of NT-proBNP in vivo is longer, and thus, the
blood concentration of NT-proBNP is more stable!'); the inter
and intraindividual variability of NT-proBNP levels are lesser
than that of BNPI?873%%; the accuracy of detection of NT-proBNP
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Figure 3. Receiver-operating characteristic (ROC) curve of the model
validation dataset for the detection of chronic heart failure.
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is better compared with BNPP*; NT-proBNP is completely

cleared by the kidneys, whereas BNP is partially cleared by the
kidneys; hence, NT-proBNP may be more affected by renal
function.!!

This diagnostic trial aimed to detect chronic decompensated
heart failure, including HFrEF and HFpEF. HFrEF was
diagnosed by LVEF value of echocardiography. For accurate
detection, some patients were excluded from this study. The
excluded patients included those suffering from acute heart
failure and other diseases such as acute pulmonary embolism,
acute myocardial infarction (in 2 weeks), severe infection, and
sepsis. The rationale behind this was the rapid disease
progression in case of acute heart failure, which could affect
the detection results due to disease course, intravenous medica-
tion, and clinical complications. Severe valvular heart disease was
also excluded for its inaccurate detection results of LVEF.

The baseline data were balanced between the model
establishment and model validation datasets, with no significant
differences between the 2 groups for most of the parameters.
Consistent with previous studies, NT-proBNP value was
significantly different between the HFrEF, HFmrEF, HFpEF,
and nonheart failure groups.[*®11:12:17:21331 The renal function
of patients with heart failure (including HFrEF and HFpEF) was
reduced compared to nonheart failure patients. This could be due
to decreased renal perfusion caused by heart failure. Blood
pressure (systolic and diastolic) in patients with HFrEF and
HFpEF (critical region) was also lower compared with patients
with nonheart failure, which could be due to decreased cardiac
output in the former.

The diagnosis and classification of cardiac failure in this study
is based on the 2012 ESC,/**! the 2013 ACC/AHA guidelines of
heart failure,*® and the ASE Recommendations for the
Evaluation of Left Ventricular Diastolic Function by Echocardi-
ography.?®! Heart failure is classified into HFrEF, HEmrEF, and
HFpEF in the 2016 ESC guideline of heart failure,”! with similar
diagnostic standards of HFrEF and HEmrEF as this study. The
diagnostic standards of HFpEF, however, are a little different.
Elevated levels of natriuretic peptides are added to the 2016 ESC
guideline of heart failure as a diagnosis standard.””! In the present
study, the 436 enrolled patients were reassessed, and only 1
HFpEF patient was reclassified as noncardiac failure, because the
NT-proBNP was <125 pg/mL.

This study included factors that could influence NT-proBNP
levels (based on previous studies’”3!) and general indexes of
chronic heart failure in the regression model, to improve the
diagnostic capability of NT-proBNP test for heart failure. These
observation indexes include sex, age, BMI, eGFR, persistent
atrial fibrillation, diabetes, hemoglobin, serum ALT, blood UA,
and HbA1C. Blood pressure and heart rate have not been
monitored in this study as changes in blood pressure and heart
rate cannot influence the detected levels of serum NT-proBNP.
Previous research has identified age, renal function (eGFR), and
BMI as factors that could affect the levels of NT-proBNP value.”-
131 Hence, these variables were entered into the diagnosis model
for heart failure, and it was found that they could increase the
AUC. Subsequently, other variables including atrial fibrillation
and sex were screened, and it was observed that persistent atrial
fibrillation and sex could also further increase the AUC. In
addition, the AUC value was compromised if any 1 of the above 5
variables were removed from the model. Thus, age, renal function
(eGFR), BMI, persistent atrial fibrillation, and sex could be
considered as the covariates for the diagnosis model for heart
failure.
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Previous studies have shown that the negative predictive value
of NT-proBNP/BNP was higher (94%-98%) than its positive
predictive value (44%-57% for nonacute heart failure, 66%—
67% for acute heart failure).”~"*! In this study, the negative and
positive predictive values of the noncorrected NT-proBNP test in
the model validation group were found to be 83.3% and 78%,
which was better compared with the previous studies.” %! This
may be due to the cut-off value, which, in this study, was 257.4
ng/L. When the cut-off value was set to 125ng/L (same as
previous studies), the negative and positive predictive values
changed to 96.6% and 67.3%, respectively. Nevertheless, the
corrected NT-proBNP model proposed here achieved better
diagnostic accuracy than that of previous studies.”~*! Never-
theless, further study could still refine the model. In addition, the
model should be validated in different populations and countries.

This study aimed to establish a correction formula of NT-
proBNP to enhance its diagnostic accuracy. As an experimental
indicator, NT-proBNP could contribute to the rapid diagnosis of
heart failure. Echocardiography was the gold standard in
diagnosing heart failure, but echocardiography is expensive
and appointments were needed. It is true that EF itself can be used
to diagnose HFrEF, but EF was not included in the corrected
formula, because the rapid diagnosis achieved using this new
formula would become meaningless.

From the results of the logistic regression model (Logit [P]=—
4.984 +[0.012 x NT-proBNP] +[0.032 x eGFR] — 0.041 x age +
[0.066 x BMI] —2.830 [AF {0=no, 1=yes}]—0.167 [sex {0=
male, 1=female}]), male patients with higher GFR, younger age,
higher BMI, and no AF are more likely to have CHF. Actually it is
not correct. These factors could contribute to improve the
accuracy of NT-pro BNP in diagnosing CHF. In other words,
under the condition that NT-proBNP levels are the same, it is
more probable to have CHF if GFR and BMI are higher, age is
younger, there is no AF, and the patient is male.

The present study is not without limitations. The subjects
included in this study were chronic heart failure patients with
NYHA II to III. The obtained diagnosis formula for diagnosis of
heart failure was applied to this kind of compensated patients.
However, this diagnosis formula may not be suitable for the
patients with acute heart failure. Thus, further investigation is
required to validate the diagnostic value of this model for other
heart failure populations. Many enrolled subjects were old and/or
with reduced renal function, which might contribute to high NT-
proBNP levels in non-CHF patients. In addition, about half of the
suspected heart failure patients were selected by general doctors
in the community or other departments. These factors might have
caused some possible selection biases.

5. Conclusions

This study provides a diagnostic model for the diagnosis
of NYHA 1I to III chronic heart failure. The corrected NT-
proBNP test was established by inclusion of multivariate
regression analysis. It was found that compared with uncorrected
NT-proBNP, the diagnostic formulation of corrected NT-
proBNP could improve the diagnostic accuracy of chronic heart
failure.
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