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Midregional pro-atrial natriuretic peptide is a
superior biomarker to N-terminal pro-B-type
natriuretic peptide in the diagnosis of heart failure
patients with preserved ejection fraction
Kun Cui, MDa,b, Wei Huang, MDa, Jinqi Fan, MDc, Han Lei, MDa,∗

Abstract
Objectives: To explore that if mid-regional sequence of pro-A-type natriuretic peptide (MR-proANP) may have a good value of
diagnosis in heart failure with preserved ejection fraction (HFpEF) compared with N-terminal pro-B-type natriuretic peptide (NT-
proBNP).

Methods: Participants with cardiovascular disease who were enrolled in this study were divided into the nonheart failure (non-HF)
group (n=75), HFpEF group (n=65), and HF with reduced ejection fraction (HFrEF) group (n=50). The MR-proANP and NT-proBNP
levels in plasma from all patients were measured by enzyme-linked immunosorbent assay.

Results: The plasma levels of MR-proANP and NT-proBNP in HFpEF and HFrEF groups were higher than those in non-HF group
(P< .05). MR-proANP levels were significantly different (P< .05) in different New York Heart Association class patients with HFpEF. In
the diagnostic analysis area under the curve of MR-proANP (0.844) was higher than that of NT-proBNP (0.518, P< .001). The left
atrial volume index in the HFrEF groupwas higher than HFpEF group (P< .05); however, both of these groups had a higher index than
non-HF group (P< .05).

Conclusion:Results indicated that MR-proANP may be more sensitive and specific than NT-proBNP in diagnosing HFpEF. It may
be used as a potential diagnostic biomarker in patients with HFpEF.

Abbreviations: AF = atrial fibrillation, ANP= atrial natriuretic polypeptide, ANOVA= analysis of variance, BMI = body mass index,
BNP = B-type natriuretic peptide, CHD = coronary heart disease, DM = diabetes, EF = ejection fraction, eGFR = estimated
glomerular filtration rate, HF = heart failure, HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure with reduced
ejection fraction, HTN = hypertension, LA = left atrial, LAEDD = left atrial end-diastolic diameter, LAVI = left atrial volume index, LV =
left ventricular, LVEDD = left ventricular end-diastolic diameter, LVEF = LV ejection fraction, MR-proANP =midregional sequence of
pro-A-type natriuretic peptide, NT-proBNP = N-terminal pro-B-type natriuretic peptide, ROC = receiver operating characteristic
curve.

Keywords: heart failure, midregional sequence of the N-terminal pro-A-type natriuretic peptide, N-terminal pro-B-type natriuretic
peptide, preserved ejection fraction
Editor: Stefano Omboni.

Ethics approval and consent to participate: This study was approved by Ethics
Committee of The First Affiliated Hospital of Chongqing Medical University
Participants have provided their written informed consent to participate in this
study.

Funding: This work was sponsored by Key Projects of Chongqing General
Hospital and Under (Grant No. Y2016ZDXM02).

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.
a Department of Cardiology, The First Affiliated Hospital of Chongqing Medical
University, b Department of Cardiology, Chongqing General Hospital,
c Department of Cardiology, The Second Affiliated Hospital of Chongqing Medical
University, Chongqing, P.R. China.
∗
Correspondence: Han Lei, Department of Cardiology, The First Affiliated

Hospital of Chongqing Medical University, Youyi Road, Yuzhong District,
Chongqing 400016, P.R. China (e-mail: jinshan793@sina.com).

Copyright © 2018 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 (2018) 97:36(e12277)

Received: 4 June 2018 / Accepted: 15 August 2018

http://dx.doi.org/10.1097/MD.0000000000012277

1

1. Introduction

Heart failure (HF) with preserved ejection fraction (HFpEF) is a
common clinical syndrome that accounts for nearly half of all HF
patients[1,2] and has a prognosis similar to patients with reduced
ejection fraction (EF) heart failure with reduced ejection fraction
(HFrEF). Compared to HFrEF which is defined as an EF <50%,
HFpEF is defined as an EF ≥50%.[3] Conventional echocardiog-
raphy for the evaluation of cardiac structure and diastolic
function has some limitations,[4,5] and invasive examinations are
inconvenient and expensive. Considering the complexity and
diversity of the pathophysiological mechanisms as well as the
heterogeneity of patients with HFpEF,[6] it has been challenging
to identify an objective and reliable biomarker to make a
diagnosis and evaluate the prognosis.[7]

Currently, natriuretic peptides are the criterion standard of
biomarkers in HF and have been extensively investigated in various
clinical settings.[8,9] B-type natriuretic peptide (BNP) mainly
originates from the left ventricle in both healthy adult humans
and patients with left ventricular (LV) dysfunction[10,11] and is de
novo synthesized in response to ventricular stretch due to pressure
and volume overload.[12] N-terminal pro-B-type natriuretic peptide
(NT-proBNP) is a representative cardiac biomarkers that is well-
correlated with LV end-diastolic pressure and wall pressure; it not
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only has high sensitivity and specificity for a differential diagnosis of
HF in patients with acute dyspnoea, but also has important value in
terms of the diagnosis, evaluation, and prognosis in patients with
either acute or chronic HF.[13,14] However, the exact role of NT-
proBNP in clinically identifying HFpEF has been less studied. Atrial
natriuretic polypeptide (ANP) is mainly secreted from the atria of
healthy adult humans and from the left ventricle of patients with LV
dysfunction. The clinical application of ANP is limited because of its
extremely short half-life; however, its precursorNT-proANP ismore
stable in plasma and has a longer half-life, but is insufficient for
immunoassay detection due to the production of various subfrag-
ments. Recently, a midregional sequence of pro-A-type natriuretic
peptide (MR-proANP), which is an intermediate of the natriuretic
peptides and is more stable, was successfully used in the clinic as a
biomarker of the prognosis and diagnosis of acute HF.[15–18]

However, whether MR-proANP has potential clinical utility in
identifying the response to atrial pressure overload and LV diastolic
dysfunction is unknown.
NT-proBNP specifically responds to ventricular pressure. MR-

proANP is one of the best indicators of atrial pressure.[19–21] The
aim of this study was to compare the diagnostic value of MR-
proANP with NT-proBNP in patients with HFrEF and HFpEF as
well as whether MR-proANP could increase or even exceed the
diagnostic value of NT-proBNP in patients with HFpEF.
2. Methods

2.1. Study group

Participants with cardiovascular disease were enrolled in the study
and classified into the following 3 groups: HFpEF group (66
patients), HFrEF group (50 patients), and non-HF group (76
patients). The main inclusion criteria of HFpEFwere the presence of
HF symptoms,NewYorkHeart Association (NYHA) class II-IV, an
LV ejection fraction (LVEF) >50%, an E/A ratio <1, and
comorbidity of randomized and well-controlled underlying diseases
that are risk factors of HFpEF [e.g., hypertension (HTN), coronary
artery disease, diabetes). The criteria of HFrEF were the presence of
HF symptoms and anLVEF<50%.[22] The non-HFgroup consisted
of age- and sex-matched patients who were hospitalized due to
cardiovascular disease but had no symptoms of HF. The study
complies with theDeclaration of Helsinki and Ethics Committee of
First Affiliated Hospital of Chongqing Medical University.
2.2. Echocardiograph study

Transthoracic echocardiographywas performed by a digital Acuson
SequoiaC256devicewitha2.3 to3.5MHzprobe (Siemens,Munich,
Germany). Themain parameters evaluatedwereLVEF, LAEDD (left
atrial end-diastolic diameter), LVEDD (left ventricular end-diastolic
diameter), LAVI (left atrial volume index), and E/A ratio.
2.3. Blood sampling and Assays

Fasting venous blood samples were obtained after admission and
before administration of therapy. Blood samples were immedi-
ately centrifuged at 3000rpm at 4°C, and sample aliquots were
stored at �80°C for further analysis.

2.4. Measurement of plasma MR-proANP, ANP, and
NT-proBNP levels

PlasmaMR-proANP levels were measured by usingMR-proANP
ELISA Kit provided by MyBioSource (MyBioSource Inc, San
2

Diego, CA). Briefly, serial dilutions (39–2500pmol/L) of
recombinant MR-proANP were made. The data were analyzed
using ELISA CAL software by fitting 4-parameter logistic
transformation of standard recombinant MR-proANP. Plasma
levels of NT-proBNP were measured with specific assay kits
provided by Cusabio Biotech Co, Ltd (Wuhan, China). Briefly,
serial dilutions (12.5–200ng/L) of recombinant NT-proBNP
were made. The data were analyzed using Curve Expert 1.3
software by fitting a 4-parameter logistic transformation of
standard recombinant NT-proBNP.
2.5. Statistical analysis

All values are reported as the mean ± SD, medians (interquartile
range), or percentages. Differences in characteristics among the
subjects in each group were assessed using x2 test for
dichotomous variables. Normality testing of the data used
Kolmogorov-Smirnov Z method. Comparison of the MR-
proANP and NT-proBNP levels in the different HF groups
was performed using Kruskal-Wallis H (K) method. Comparison
of the MR-proANP levels among different HF groups in LAVI
and NYHA grade were performed with analysis of variance
(ANOVA) method. The correlation of MR-proANP and NT-
proBNP with other variables was calculated using the Spearman
correlation. Comparison of the diagnostic capabilities of MR-
proANP and NT-proBNP with regard to HFpEF was conducted
by using a receiver operating characteristic curve (ROC) curve.
3. Results

3.1. Clinical characteristics

The baseline characteristics of participants are listed in Table 1.
Among 3 groups, there was no difference in age, sex, body mass
index, and percentage of patients with HTN, diabetes (DM),
atrial fibrillation (AF), or coronary heart disease (CHD) (P> .05).
There was a lower level of estimated glomerular filtration rate
(eGFR) in the HFrEF group than that in the non-HF group, but
there was no significant difference among 3 groups. The
echocardiogram data, including the LVEDD, LAEDD, and
mitral early diastolic flow speed and late diastolic flow speed,
showed no difference.
3.2. LAVI in different groups

To examine the relationship of the LAVI in different groups, we
used ANOVA to compare differences of LAVI among 3 groups
(Table 1). The LAVI in non-HF, HFpEF, and HFrEF groups were
significantly different (P< .05). Among them, LAVI in HFrEF
group was higher than HFpEF group (P< .05), and both values
were higher than non-HF group (P< .05).
3.3. Plasma levels of MR-proANP and NT-proBNP among
different groups

Table 2 shows that plasma levels of MR-proANP and NT-
proBNP in the non-HF, HFpEF, and HFrEF groups were
significantly different (P< .05). Plasma levels of MR-proANP in
HFpEF and HFrEF groups were higher than those in non-HF
group, but differences between HFpEF andHFrEF groups had no
difference (P> .05). NT-proBNP levels of HFrEF group were
higher than HFpEF group (P< .05), and both were higher than
non-HF group (P< .05).



Table 1

Patient characteristics among 3 groups.

Parameters Non-HF N=75 HFpEF N=65 HFrEF N=50 P

Demographic data
Age, y 66±11 69±14 73±9 NS
Female, n (%) 38 (50.7) 33 (50.8) 20 (40) NS
BMI 25±2.6 24±3.5 24±3.1 NS
NYHA Class Class II (13) III (41) IV (11) II (32) III (18) <.001
HTN, n (%) 29 (38.7) 42 (64.6) 25 (50) NS
Diabetes, n (%) 15 (20) 17 (26.1) 20 (40) NS
AF, n (%) 15 (20) 19 (29.2) 22 (44) NS
CHD, n (%) 34 (45.3) 40 (61.5) 37 (74) NS
Hyperlipidemia, n (%) 33 (44.0) 20 (30.8) 20 (40) NS

Laboratory test
eGFR, mL/min/1.73 m2 58±20 53±22 48±19 NS
Uric acid, mmol/L 337±89 341±96 386±118 NS
Homocysteine, mmol/L 13±5 16±6 17±7 <.001
Acute HF, n (%) 30 (46) 21 (42) NS

Echocardiographic profile
LVEDD, mm 44±5 44±6 49±8 .001
LAEDD, mm 35±5 38±8 45±9 <.001
LAVI, mL/m2 41.08±10.87 46.65±15.07 61.21±13.55 <.001
LVEF, % 60±4 58±5 44±6 NS
ME/MA 0.79±029 0.72±0.14 0.67±0.15 NS

Continuous variables are presented as means ± standard. Dichotomous variables are presented as N (%).
AF= atrial fibrillation, BMI=body mass index, CHD= coronary heart disease, eGFR= estimated glomerular filtration rate, HFpEF= heart failure with preserved ejection fraction, HFrEF = heart failure with reduced
ejection fraction, HTN=hypertension, LAEDD= left atrial end-diastolic diameter, LAVI= left atrial volume index, LVEDD= left ventricular end-diastolic diameter, LVEF= left ventricular ejection fraction, ME/MA=
mitral early diastolic flow speed (ME) and late diastolic flow speed (MA), NYHA=New York Heart Association.

Table 2

Comparison of mid-regional sequence of pro-A-type natriuretic peptide and N-terminal pro-B-type natriuretic peptide among 3 groups.

Variables Non-HF (N=75) HFpEF (N=65) HFrEF (N=50) x2 P

MR-proANP 26.62 (9.72–32.98) 358.00 (100.64–1085.76)
∗

506.60 (251.60–1259.84)† 106.468 <.001
NT-proBNP 22.68 (0.78–220.40) 213.32 (12.35–633.57)

∗
308.45 (205.75–1068.61)†,‡ 58.099 <.001

HF=heart failure, HFpEF=heart failure with preserved ejection fraction, HFrEF=heart failure with reduced ejection fraction, MR-proANP=mid-regional sequence of pro-A-type natriuretic peptide.
∗
HFpEF group vs non-HF group, P< .05.

† HFrEF group vs non-HF group, P< .05.
‡ HFrEF group vs HFpEF group, P< .05.
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3.4. Correlation of MR-proANP and NT-proBNP with other
variables

We used Spearman correlation to analyze relationship between
either MR-proANP or NT-proBNP with other variables. The
results are shown in Table S1, http://links.lww.com/MD/C466. It
was demonstrated that the correlation ofMR-proANPwith eGFR,
CHD,DM,HTN, orAFwas not significant.MR-proANP showed
aweakpositive correlationwith age andLAVI (r=0.208,P= .008;
r=0.105, P= .047, respectively). The correlations of NT-proBNP
with age, eGFR, CHD, HTN, or AF were not significant.
Table 3

Comparison of different New York Heart Association class with eith
terminal pro-B-type natriuretic peptide in Heart failure with preserve

Variables Class II (N=13) Class III (N=41)

MR-proANP 43.80±6.17 515.29±71.10
∗

NT-proBNP 535.12±184.70 427.25±92.86

HFpEF=heart failure with preserved ejection fraction MR-proANP=midregional sequence of the N-term
∗
Class II vs class III, P< .05.

† Class II vs class IV, P< .05.
‡ Class III vs class IV, P< .05.

3

3.5. Correlation of different NYHA class with MR-proANP
in HFpEF

To explore relationship between severity of HF symptoms and
plasma levels ofMR-proANP in patients with HFpEF, ANOVA is
used to compare difference of NYHA class with MR-proANP in
Table 3. The analysis showed that the MR-proANP levels among
NYHA class II, III, and IV were significantly different. The MR-
proANP level of class III was significantly higher than class II
(P< .05), but lower than class IV (P< .05). The NT-proBNP levels
of class II, III, and IV were not significantly different (P> .05).
er mid-regional sequence of pro-A-type natriuretic peptide or N-
d ejection fraction group.

Class IV (N=11) F P

825.20±254.68†,‡ 27.744 <.001
706.35±235.49 0.849 .433

inal pro-A-type natriuretic peptide, NT-proBNP=N-terminal pro-B-type natriuretic peptide.

http://links.lww.com/MD/C466
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Table 4

Area under the curve of mid-regional sequence of pro-A-type natriuretic peptide and N-terminal pro-B-type natriuretic peptide in heart
failure with preserved ejection fraction group.

Asymptotic 95% confidence interval

Variables Area Std. error
∗

Asymptotic sig. † Lower bound Upper bound

MR-proANP 0.844 0.031 <0.001 0.784 0.905
NT-proBNP 0.518 0.046 0.698 0.428 0.608

The variables MR-proANP and NT-proBNP have at least 1 tie between the positive actual state group and the negative actual state group. Statistics may be biased.
MR-proANP = mid-regional sequence of pro-A-type natriuretic peptide, NT-proBNP = N-terminal pro-B-type natriuretic peptide.
∗
Under the nonparametric assumption.

† Null hypothesis: true area=0.5.
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3.6. The diagnostic capabilities of MR-proANP and
NT-proBNP in HFpEF

In order to compare diagnostic capabilities of MR-proANP and
NT-proBNP on HFpEF, ROC was applied (Table 4). Figure 1
shows that area under the curve of MR-proANP was higher than
that of NT-proBNP; thus, MR-proANP may be superior to NT-
proBNP as HFpEF diagnostic indicator. The asymptotic
significance of NT-proBNP was 0.698, which was greater than
0.05. Thus, NT-proBNP may not be a meaningful diagnosis
indicator of HFpEF. The asymptotic significance of MR-proANP
was <0.001. Therefore, MR-proANP may be a specific
diagnostic biomarker for HFpEF.

4. Discussion

For the first time, diagnostic and assessment values of MR-
proANP andNT-proBNPwere compared in patients with HFrEF
and HFpEF, and main findings were as follows: plasma levels of
MR-proANP and NT-proBNP in patients with chronic HF were
significantly higher than those in patients without HF; plasma
level of MR-proANP was positively correlated with NYHA class
Figure 1. ROC was used for comparison of MR-proANP and NT-proBNP in pa
proANP=mid-regional sequence of pro-A-type natriuretic peptide, NT-proB
characteristic curve.

4

in HFpEF patients and also had a good correlation with age and
LAVI, but plasma level of NT-proBNP had no correlation; and
plasmaMR-proANPmay be superior to plasmaNT-proBNP as a
diagnostic biomarker for patients with HFpEF.
It is generally believed that the pathogenesis of HFpEF is

mainly involved in LV active diastolic abnormalities and
increased LV stiffness, leading to limited LV filling and an
elevated LV end-diastolic pressure.[23] The neuroendocrine
hormone response also presented significantly increased natri-
uretic peptide levels. More importantly, recent studies suggested
that atrial structure and functional change could play a primary
role in the pathogenesis of HFpEF rather than just a consequence
of LV systolic function failure in HFrEF patients.[24–26] Left atrial
(LA) enlargement, atrial compliance decrease, loss of atrial
synchronization, and increased atrial volume load were closely
related to reduced LV diastolic function. In particular, the LA
volume and LA pressure, both of which theoretically mediated
atrial ANP secretion, were direct indicators of LV diastolic
dysfunction.
NT-proBNP has high sensitivity and specificity for differential

diagnosis of dyspnoea in patients with acute HF, has become one
tients with HFpEF. HFpEF=heart failure with preserved ejection fraction, MR-
NP=N-terminal pro-B-type natriuretic peptide, ROC=Receiver operating
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of the most common classical biomarkers for diagnosis and
management of HF, and has been recommended by many
international guidelines.[3,22] However, several factors such as
anemia, advanced age, renal insufficiency, and infection can
affect clinical judgment, and previous studies specific to HFpEF
patients have been inadequate.[27,28] Meanwhile, ANP secreted
by atrial myocytes react to atrial stretch and volume overload, but
its application as a biomarker is highly limited due to its
extremely short half-life. Interestingly, NT-proANP (as a
precursor of ANP), despite its high stability and longer half-
life in plasma, has no easily measured biological activity and
cannot be widely used in clinical practice due to some factors.
Recent studies found that MR-proANP, which was derived

from the intermediate portion of NT-proANP protein after its
degradation mainly of the N- and C-termini, was more stable and
has a longer half-life. Therefore, in response to changes in LA
pressure and LV diastolic dysfunction, NT-proANPmight have a
better value.[29–31] Maisel et al[32] included 1641 patients with
acute dyspnoea, and results showed that diagnostic value of MR-
proANP (120pmol/L or higher) in acute HF was not inferior to
NT-proBNP (100pg/mL or higher), especially for HF patients
who did not present diagnostic NT-proBNP values. In fact, most
previous studies focused on patients with either acute or chronic
HF, including HFpEF and HFrEF patients, and rather than
concentrating on directly comparing these 2 groups.[33–35] Our
results showed that patients with chronic HF had higher plasma
levels of MR-proANP and NT-proBNP compared to those in
patients without HF. Particularly, MR-proANP and NT-proBNP
had good correlations with NYHA class in both HFpEF and
HFrEF patients. In addition, diagnostic curve analysis showed
that plasma level of MR-proANP for HFpEF patients may be
superior to the NT-proBNP levels with better sensitivity and
specificity (area under the curve: 0.844).
Recently, 1 prospective study conducted by Bakkestrøm

et al[36] aimed to assess changes in the LA volume early after
myocardial infarction in 62 patients with an LVEF ≥45%. Based
on the relationship between invasive hemodynamics and
natriuretic peptides, LA remodeling was characterized by a
lower and higher MR-proANP levels (4 months, 175±48 vs 129
±56pg/L, P= .002). Accordingly, our study showed that LAVI in
all patients with HF was higher than that in patients without HF,
but correlation analysis suggested that plasma levels of MR-
proANP in HFpEF group had a strong correlation with age and
LAVI. Therefore, our results also demonstrated that MR-
proANP was an indicator of atrial volume load.
Currently, several clinical studies have shown that many

factors such as age, obesity, chronic kidney disease, female sex,
and HTNwere independent risk factors of HFpEF, all of which
could play an important role in pathogenesis and progression
of HFpEF.[37–40] In this study, both age and LAVI showed
significantly positive correlations with HFpEF, but there was
no significant correlation with HFpEF and CKD, female sex, or
HTN, which might be attributed to small sample size of study.
In the early stages of HF, the pressure in the atria is gradually
increasing, and the tension in the atria is more susceptible to
stress than in the ventricle. Therefore, ANP, which is a response
to atrial tension, is more sensitive than BNP in the early stage of
HF, which may be of value in judging patients in the gray area
of HF. In this study, there was a significant difference in MR-
proANP of different NYHA class patients with HFpEF, and
there was no difference in NT-proBNP, suggesting that MR-
proANP may be more sensitive than NT-proBNP in early
diagnosis of HF.
5

5. Conclusion

In summary, our study demonstrated that plasma level of MR-
proANP was significantly elevated in patients with HF and had
more sensitivity and specificity in diagnosing patients with
HFpEF. Moreover, as a strong indicator of atrial volume
overload and LV diastolic dysfunction for those HFpEF patients,
plasma level of MR-proANP may be superior to NT-proBNP
levels in terms of diagnostic value.
5.1. Limitations

First, this study was limited to a single center and had a small
number of patients, especially in HFrEF group. Second, this study
used only echocardiography and E/E’ ratio is excluded because of
the study design. Furthermore, there was lack of any invasive
measurement of left ventricular diastolic function. Finally, it
would be more accurate to assess cardiac function by using the 6-
minute walk test and treadmill exercise test in combination with
NYHA class.
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