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Summary

Background: To analyse the value of H-FABP and OPG in
determining the severity of heart function in those suffering
from long-term heart failure.

Methods: A total of 196 patients with persistent heart fail-
ure who were admitted to our hospital between June 2023
and October 2024 were chosen. A comparison of the three
groups of chronic heart failure patients’ general clinical
information and H-FABP and OPG levels was performed.
The associations between OPG and H-FABP and various
clinical forms of chronic heart failure, heart failure severity,
and measurement markers related to echocardiography
were examined. To assess the diagnostic utility of NT-
proBNP H-FABP and OPG detection alone and in combi-
nation for HFrEF and HFpEF patients. All patients were
monitored for three to six months following their discharge.
Results: There was a positive correlation (r=0.61) between
H-FABP and the NYHA classification, LA (r=0.46), LV
(r=0.51), HS-TnT (r=0.31), NT-proBNP (r=0.58), SUA
(r=0.38), etc., and negatively correlated with the LVEF
(r=-0.76), NT-proBNP (r=0.49), etc., and negatively cor-
related with the LVEF (r=-0.60) (P<0.05). Binary logistic
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Kratak sadrzaj

Uvod: Cilj je bio da se analizira znacaj H-FABP i OPG u
odredivanju tezine o$tecenja sr¢ane funkcije kod pacijenata
sa hroni¢nom sréanom insuficijencijom.

Metode: U istrazivanje je uklju¢eno 196 pacijenata sa
perzistentnom sr¢anom insuficijencijom, hospitalizovanih u
nas$oj ustanovi u periodu od juna 2023. do oktobra 2024.
godine. Analizirani su opsti klini¢ki podaci i nivoi H-FABP i
OPG u tri grupe pacijenata sa hroni¢nom sréanom insufici-
jencijom. Ispitivane su povezanosti H-FABP i OPG sa
razli¢itim klini¢kim oblicima hroni¢ne sréane insuficijencije,
stepenom sréanog popustanja i parametrima dobijenim
ehokardiografijom. Takode je procenjivana dijagnosti¢ka
vrednost pojedina¢nog i kombinovanog odredivanja NT-
proBNP H-FABP i OPG kod pacijenata sa HFrEF i HFpEF.
Svi pacijenti su praceni tokom perioda od tri do Sest meseci
nakon otpusta.

Rezultati: Utvrdena je pozitivna korelacija izmedu H-FABP i
NYHA klasifikacije (r=0,61), LA (r=0,46), LV (r=0,51),
HS-TnT (r=0,31), NT-proBNP (r=0,58), SUA (r=0,38),
itd., dok je uocena negativna korelacija sa LVEF (r=-0,60)
(P<0,05). Binarna logisticka regresiona analiza NT-



2 Zheng et al.: H-FABP and OPG in chronic heart failure

regression analysis of NT-proBNP, H-FABP, and OPG levels
and endpoint events revealed that NT-proBNP had a high
value in predicting endpoint events. The readmission rate
and mortality rate of patients with chronic heart failure
increased with increasing NT-proBNP concentration.
Serum H-FABP and OPG all have high diagnostic value for
HFrEF. Compared with the traditional biomarker NT-
proBNP H-FABP had greater sensitivity (94.9%) and speci-
ficity (83.1%) in the diagnosis of HFrEF, whereas OPG had
greater sensitivity (92.3%) and lower specificity (57.7%). H-
FABP and OPG can significantly improve the sensitivity
(86.44%) and specificity (89.74%) in the diagnosis of
patients with HFrEF. Serum NT-proBNP, H-FABP and OPG
all have high diagnostic value for HFpEF. Compared with
the traditional biomarker NT-proBNP H-FABP has greater
sensitivity (91.7%) and specificity (82.0%) in the diagnosis
of HFpEF, whereas OPG has greater specificity (82.0%) and
lower sensitivity (58.3%).

Conclusions: The combined detection of H-FABP OPG,
and NT-proBNP can be used as an essential strategy for the
early detection of decreased cardiac function in heart fail-
ure patients.

Keywords: osteoprotegerin, NT-proBNP, chronic disease,
cardiac function, sensitivity analysis

Introduction

The term heart failure describes a collection of
diseases characterised by inadequate perfusion of tis-
sues and organs, congestion in the pulmonary and/or
systemic circulation, and reduced ventricular filling
and ejection functions as a result of aberrant cardiac
structure and function (1-3). The main clinical man-
ifestations are limited physical activity, fluid retention
and breathing difficulties. Heart failure, the greatest
challenge in cardiology-related diseases in the 21st
century, is positively correlated with age (4).
Additionally, the annual death rate for people with
chronic heart failure increases by approximately 2.8%
as they grow older and other risk factors increase (5).
Despite notable advancements in the diagnosis and
treatment of heart failure in recent years, patients
with chronic heart failure continue to have high rates
of death and readmission. Heart failure patients have
a 25% chance of being readmitted to the hospital
within a month and a 50% chance of dying within five
years of receiving a chronic heart failure diagnosis (6—
8). Chronic heart failure has emerged as a significant
public health issue as the population ages (9).

Heart failure is a severe manifestation and
advanced stage of all cardiovascular diseases. Heart
failure patients’ frequent hospital stays are significant
indicators of older patients’ repeated hospital stays
(10). As more people are admitted to hospitals for
heart failure, the patient mortality rate increases (11).
Heart failure inpatients and those in the stable stage
of the disease had one-year readmission rates of 44%
and 32%, respectively. The leading cause of death for
both hospitalised and non-hospitalised patients is
heart disease, which mainly manifests as sudden car-

proBNP H-FABP i OPG nivoa i krajnjih dogadaja pokazala
je da NT-proBNP ima visoku prediktivnu vrednost za krajnje
dogadaje. Stopa rehospitalizacije i mortaliteta kod pacije-
nata sa hroni¢nom sréanom insuficijencijom rasla je sa
porastom koncentracije NT-proBNP. Serum H-FABP i OPG
pokazali su visoku dijagnosticku vrednost za HFrEF U
poredenju sa tradicionalnim biomarkerom NT-proBNP H-
FABP je imao vedu senzitivnost (94,9%) i specifi¢cnost
(83,1%) u dijagnostici HFrEF, dok je OPG imao veéu senz-
itivnost (92,3%) i nizu specifi¢nost (57,7%). Kombinacija
H-FABP i OPG znacajno poboljsava senzitivnost (86,44%) i
specifi¢nost (89,74%) u dijagnostici pacijenata sa HFrEF.
Serum NT-proBNP H-FABP i OPG takode imaju visoku
dijagnosti¢ku vrednost za HFpEF U poredenju sa NT-
proBNP H-FABP je imao vedu senzitivnost (91,7%) i speci-
ficnost (82,0%) u dijagnostici HFpEF, dok je OPG imao
vecu specifi¢nost (82,0%) i nizu senzitivnost (58,3%).
Zaklju¢ak: Kombinovano odredivanje H-FABR OPG i NT-
proBNP se moZe koristiti kao znacdajna strategija za rano
otkrivanje smanjene sréane funkcije kod pacijenata sa
sréanom insuficijencijom.

Kljuéne reéi: osteoprotegerin, NT-proBNP. hroni¢na
bolest, sréana funkcija, analiza senzitivnosti

diac death and malignant heart failure (12).
Therefore, early detection and treatment of heart fail-
ure, as well as classification, especially in elderly
patients, can reduce the readmission rate and long-
term mortality rate of heart failure.

Studies (13-16) have shown that H-FABP in
peripheral blood can increase within 15 minutes after
myocardial infarction and return to normal levels
within approximately 20 hours. Osteoprotegerin
(OPG) is a fundamental secretory glycoprotein com-
posed of 401 amino acids and exists mainly in the
form of a 60 kDa monomer or a 120 kDa dimer in
the peripheral circulation (17). Patients with chronic
heart failure for three to six months were followed to
investigate the connections between H-FABP and
OPG, the degree of cardiac function, and other clini-
cal categories of heart failure, with events such as car-
diogenic death, readmission due to acute heart fail-
ure, recurrent heart failure, and malignant arrhythmia
as endpoint events. To analyse the influence of H-
FABP and OPG levels on clinical prognosis.

Materials and Methods
Research subjects and groups

We selected 110 patients with persistent heart
failure who were admitted to our facility between June
2023 and October 2024. A total of 196 patients,
126 men and 70 women, were enrolled after screen-
ing according to the inclusion and exclusion criteria.
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Inclusion criteria:

Symptoms and signs of chronic heart failure,
such as dyspnea, orthostatic breathing, reduced activ-
ity tolerance, and ankle oedema; NYHA grade I-IV;
(I) Echocardiography suggesting chronic heart failure
and meeting one of the following conditions.

Exclusion criteria:

Under 18 years of age; (II) acute or chronic
infection; (lll) malignant tumour; (IV) renal insuffi-
ciency; (V) hyperthyroidism and other special types of
diseases.

Three categories were created based on the
NYHA cardiac function classification standard: NYHA
grade I, NYHA grade lll, and NYHA Grade IV. The
levels of H-FABP OPG, NT-proBNP and other bio-
chemical indicators and cardiography-related indica-
tors measured by echocardiography were compared
among the groups.

Collection of basic data and biochemical indica-
tors

Using our hospital’s electronic information sys-
tem, the baseline characteristic data of all patients
who met the standards, including name, sex, age,
height, weight, body surface area, diagnosis, and
comorbidities, were obtained.

The complete biochemical indicators measured
within 24 hours of admission included HS-TnT, NT-
proBNP the percentage of neutrophils, and albumin.
All patients had their venous blood drawn for testing
within 24 hours after admission. It was essential to
inform the patients to fast.

Determination of H-FABP and OPG data

All the selected patients with heart failure had
2-3 mL of venous blood drawn into the procoagula-
tion tube after fasting for 6-8 hours in the early morn-
ing of the second day after admission. The super-
natant was centrifuged at 4000 rpm for 5 minutes,
drawn with a pipette and stored at -80°C. H-FABP
and OPG levels were determined via enzyme-linked
immunosorbent assay.

Statistical methods analysis

The rank sum test was used for grade data.
Since there is a single frequency of O, Fisher’s exact
test is adopted. Correlation analysis can be conducted
via Pearson’s or Spearman'’s test. Multivariate regres-
sion analysis and binary logistic regression analysis
were applied to classify cardiac function and analyse
the influencing factors of different types of heart fail-

ure. The rehospitalisation rate and mortality rate were
analysed via the Cox regression method.

Results

Comparison of the general data of patients in dif-
ferent groups according to heart failure type

The patients in the HFrEF group were younger.
Compared with those of patients in the HFmrEF and
HFpEF groups, the left atrial and left ventricular inner
diameters and LVMI values of HFrEF patients were
greater, whereas the left atrial diameter of HFmrEF
patients was greater than that of HFpEF patients. The
OPG concentration in the peripheral blood of
HFmrEF and HFpEF patients was lower (Table ).

Correlation analysis of H-FABP and OPG with
biochemical indicators, cardiac ultrasound and
NYHA classification

The levels of OPG and H-FABP in the peripheral
blood of individuals with chronic heart failure were
correlated with clinical biochemical markers and indi-
cators linked to echocardiography (r<0.3 was consid-
ered a weak correlation and was not considered).
Pearson correlation analysis was used if both variables
followed a normal distribution. For bivariate nonnor-
mally distributed or graded data, Spearman correla-
tion analysis was applied (Table I).

Peripheral blood H-FABP was positively correlat-
ed with NT-proBNP (r=0.58), SUA (r=0.38), HS-TnT
(r=0.314), LA (r=0.51), LV (r=0.46), and NYHA
cardiac function classification (r=0.48) (P<0.05).
The correlation between this parameter and the LVEF
was negative (r=-0.761, P<0.01). On the other
hand, OPG and the NYHA cardiac function categori-
sation showed a favourable correlation (r=0.48), LA
(r=0.51), LV (r=0.32), NT-proBNP (r=0.49), etc.
(P<0.05) (Table IlI).

The influence of H-FABP and OPG on NYHA
cardiac function classification

Excluding other possible influencing factors, H-
FABP in the serum of NYHA Grade lll patients was
significantly greater than that in the serum of NYHA
Grade Il patients. Moreover, for every Ing/mL
increase in H-FABP the risk of NYHA grade Il disease
in patients increased by 2.13 times (95% CI (1.099,
4.112)). Excluding other possible influencing factors,
compared with NYHA Grade Il patients, NYHA Grade
IV patients had noticeably higher serum H-FABP lev-
els. Moreover, for every 1 ng/mL increase in H-FABP,
the risk of NYHA grade IV disease in patients
increased 2.95-fold (95% Cl (1.429, 6.072),
P<0.05) (Table IV).
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Table | Baseline data of the CHF groups.

HFrEF, N=78 HFmrEF, N=22 HFpEF, N=96 P value
Age (year) 53.41+£13.58 56.18+21.54 63.88+11.28 P<0.05
Gender (Male/Female) 54/24 16/6 54/40 P=0.542
Complications (%) P=0.128
T2DM 16 (20.5%) 2 (9.1%) 6 (6.3%) -
Hypertension 28 (35.9%) 10 (45.5%) 46 (47.9%) -
T2DM & Hypertension 2 (2.6%) 2 (9.1%) 12 (12.5%) -
NYHA Classification (%) P<0.05
level 8 (10.3%) 4 (18.2%) 56 (58.3) P>0.05
level 50 (64.1%) 16 (72.7%) 40 (41.7) P<0.05
IV level 20 (25.6%) 2 (9.1%) 0 P>0.05
LA (mmol/L) 4.79+0.62 4.44+0.62 4.12+0.66 P<0.05
LV (mL) 6.50+1.04 5.47+0.64 5.00+0.18 P<0.05
LVMI (g/m?) 147.97+49.22 121.87+29.50 104.12+25.00 P<0.05
NPAR (10°%/L) 1.62+0.39 1.64=0.36 1.62+0.37 P=0.908
GHbA1 (%) 6.82+1.31 6.38+1.07 6.67:1.12 P=0.288
D-Dimer (ng/mL) 1.09+£1.33 2.30+4.07 0.78+1.23 P=0.112
CHOL (mmol/L) 4.47+1.50 4.53+1.19 3.83+1.38 P<0.05
LDL-C (mmol/L) 2.81+1.06 2.63x0.74 2.25+0.93 P<0.05
HDL-C (mmol/L) 1.15+0.31 1.38+0.58 1.15+0.35 P=0.067
LP(a) (nmol/L) 0.28+0.34 0.13+0.10 0.27+0.26 P=0.247
SUA (umol/L) 497.87+140.64 502.00+162.23 409.02+133.17 P<0.05
tHCY (umol/L) 18.17+13.83 18.68+5.44 19.54+25.03 P=0.232
CREA (umol/L) 82.08+23.82 88.25+29.22 75.49+18.45 P=0.214
CysC (mg/L) 1.19=0.37 1.41+0.42 1.18+0.33 P=0.193
HS-TnT (ng/L) 141.14+462.40 67.89+148.78 46.94+94.41 P=0.079
NT-proBNP (pg/mL) 3458.56+3796.35 2434.07+2333.18 1200.51+2118.92 P<0.05
H-FABP (ng/mL) 11.49+1.95 8.48+3.56 5.80+2.70 P<0.05
OPG (ng/mL) 1.70=0.55 1.19+0.56 1.03+0.42 P<0.05
Table Il Correlation analysis of H-FABP and OPG with age, biomarkers, echocardiography and NYHA grade.
H-FABP OPG
r P r P
Age -0.24 =0.020 -0.04 =0.587
NYHA classification 0.61 <0.001 0.60 <0.001
LA 0.51 <0.001 0.36 <0.001
Lv 0.46 <0.001 0.32 <0.001
IVS -0.23 =0.024 -0.25 =0.012
LVPW -013 =0.065 -0.22 =0.030
LVEF -0.76 <0.001 -0.60 <0.001
LVMI 0.30 =0.003 0.22 =0.026
HS-TnT 0.31 =0.002 0.12 =0.086
NT-proBNP 0.58 <0.001 0.49 <0.001
SUA 0.38 <0.001 0.15 =0.027
CREA 0.26 =0.011 0.21 =0.038
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Table Il Correlation analysis of NT-proBNP H-FABP and OPG on NYHA grade.

NYHA Classification NT-proBNP (pg/mL) H-FABP (ng/mL) OPG (ng/mL)
NYHA Class Il 685.58+228.37 5.63+0.58 0.88+0.65
NYHA Class Il 2727.89+378.52 9.37+0.40 1.49+0.75
NYHA Class IV 4672.26+1678.96 12.02+0.61 1.79+0.13
Table IV Multivariate regression analysis of H-FA BP and OPG with different NYHA cardiac function grades.
NYHA classification Parameter B SE Exp(B) P value 95%Cl
H-FABP 0.636 0.327 1.888 0.052 (0.995, 3.584)
NYHA Class I OPG -0.043 1.588 0.958 0.978 (0.043, 21.512)
NT-proBNP 0.000 0.001 1.000 0.736 (0.998, 1.003)
H-FABP 0.754 0.337 2.126 0.025 (1.099, 4.112)
NYHA Class IlI OPG 2.252 1.656 9.506 0.174 (0.370, 243.935)
NT-proBNP 0.001 0.001 1.001 0.564 (0.998, 1.004)
H-FABP 1.080 0.369 2.946 0.003 (1.429, 6.072)
Nyha Class IV OPG 2.863 1.775 17.510 0.107 (0.540, 567.584)
NT-proBNP 0.001 0.001 1.001 0.530 (0.998, 1.004)
Table V Analysis of H-FABP, OPG, and various HF types using multiple regression.
Chronic heart failure Parameter B SE Exp(B) P value 95%Cl
H-FABP 0.864 0.202 2.373 <0.001 (1.596, 3.529)
HFrEF OPG 1.081 0.803 2.949 0.178 (0.611, 14.228)
NT-proBNP 0.000 0.000 1.000 0.736 (1.000, 1.000)
H-FABP 0.383 0.168 1.467 0.023 (1.055, 2.040)
HFmrEF OPG -0.456 0.940 0.634 0.628 (1.100, 4.005)
NT-proBNP 0.000 0.000 1.000 0.686 (1.000, 1.000)

The influence of H-FABP and OPG on different
types of heart failure

In patients with HFrEF, the peripheral blood H-
FABP concentration was greater than that in patients
with HFpEF. Additionally, patients were 2.37 times
more likely to present with HFrEF for every Ing/mL
increase in H-FABP (95% CI (1.596, 3.529),
P<0.001). Patients with heart failure had higher
peripheral blood levels of H-FABP Additionally,
patients’ risk of HFmrEF increased 1.47 times for
every g/mL increase in H-FABP (95% CI (1.055,
2.040), P<0.05). However, no discernible difference
was found in the distribution of OPG levels between
HFpEF patients and HFmrEF patients (Table V).

Differences in the distributions of NT-proBNP
HFABP and OPG in heart failure patients with
different etiologies

Chronic heart failure patients were split into a
group based on myocardial lesions in this study
(N=86), the valvular heart failure group (N=16), the
ischemic cardiomyopathy group (N=62), and other
cause groups (including severe myocarditis, hyperten-
sive heart disease, etc.) (N="16) based on the cause
of heart failure. Baseline data, ultrasound indicators,
OPG and H-FABP in each group revealed that no
notable variations were observed in patients with
chronic heart failure in terms of sex, IVS, LVPW,
comorbidities, HS-TnT, NT-proBNE NPAR, GHbA1,
CHOL, LDL-C, HDL-C, LP(a), tHCY, SUA, CREA,
CysC, D-dimer or OPG (Table VI).
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Table VI The distribution of H-FABP, age, LVEF, LV and LA in different causes of heart failure.

Myocardial Valvular heart Ischemic Other
- ) - P value
lesions failure cardiomyopathy reasons

Age (year) 54.4+15.28 64.38+13.88 60.74+12.71 64.38+£12.57 0.039
LA (mmol/L) 4.62+0.68 2.88+0.64 2.39+0.80 2.81+0.75 0.000
LV (mL) 6.12+1.21 5.09+0.82 5.37+0.69 5.20+1.07 0.001
LVEF (%) 37.72x12.05 53.13+6.94 51.42x11.19 45.81+11.59 0.000
LVMI (g/m?) 252.40+100.29 192.34+56.64 201.39+51.36 204.73+83.48 0.026
Z\lg-/pr;oL?NP 2941.53+3696.02 | 2208.88+2254.39 | 1614.51+2780.21 | 1567.25+1664.78 0.236
OPG (ng/mL) 1.25+0.43 1.46+0.38 1.35+0.57 1.53+0.59 0.263
H-FABP (ng/mL) 7.41+£3.22 11.82+3.99 6.81=3.75 8.45+2.87 0.016

Table VII Binary logistic regression analysis of NT-proBNE OPG, H-FABP age.
Variable B Standard error P value Risk ratio 95% Cl
H-FABP -0.02 0.08 0.809 0.98 (0.83, 1,16)
OPG 0.47 0.57 0.417 1.59 (0.52, 4.91)
NT-proBNP 0.00 0.00 0.037 1.00 (1.00, 1.00)
Complications -0.47 0.57 0.407 0.62 (0.20, 1.90)
Age 0.05 0.59 0.936 1.05 (0.33, 3.35)

Table VIII Hospitalisation rate and mortality of CHF patients with different concentrations of NT-proBNP.

Grouping n Decgased Moﬁality rate Rehospitalised Readmiision rate
patient (%) patients (%)

NT-proBNP 1078 pg/mL 88 4 4.5 22 25.0

NT-proBNP<1078 pg/mL 108 2 1.8 6 5.5

Total 196 6 3.0 28 14.3

Analysis of the effects of OPG, H-FABP and NT-
proBNP on endpoint events via binary regression

Among the 196 patients included and followed
up for 1 to 6 months (with an average of 17 weeks),
6 patients died, and 28 patients were rehospitalised
for treatment. Binary logistic regression analysis was
conducted by defining death and rehospitalisation as
the composite endpoint events as the dependent vari-
ables and NT-proBNP OPG, H-FABP age, and
comorbidities as independent variables. Factors such
as OPG, H-FABP age, and comorbidities could not
predict patient prognosis (P>0.05). Patients with

chronic heart failure and their prognosis were signifi-
cantly better predicted by the traditional heart failure
indicator NT-proBNP (P<0.05) (Table VII).

Compared with patients with chronic heart fail-
ure whose peripheral blood NT-proBNP concentra-
tion was less than 1078 pg/mL, those whose concen-
tration was greater had a higher readout rate and a
higher probability of dying. Consequently, the meas-
urement of NT-proBNP levels in the peripheral blood
of CHF patients who have been admitted serves as an
independent predictor of patients’ outcome events
(Table VIII).
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Discussion

The distributions of NT-proBNE H-FABP and
OPG also vary among chronic heart failure patients
with different NYHA grades (18). These novel bio-
markers suggest that H-FABP and OPG are crucial for
determining the degree of cardiac function in individ-
uals suffering from chronic heart failure. The diagno-
sis of HFrEF and HFpEF can be made with much
greater sensitivity and specificity when the conven-
tional biomarkers NT-proBNP H-FABP and OPG are
detected together (19). The risk of NYHA grade |l
was 2.13 times greater for patients with elevated H-
FABP levels than for those with NYHA grade Il, and
the risk of NYHA grade IV was 2.95 times greater for
those with elevated H-FABP levels (95% CI (1.429,
6.072), P<0.05). Thus, H-FABP is directly linked to
the reduced cardiac function of individuals with
chronic heart failure and is an independent risk factor
for more severe cardiac insufficiency in these patients
(20-22). In addition, multivariate regression analysis
of different types of heart failure revealed that, after
other possible influencing factors were excluded (23).
Moreover, patients with elevated H-FABP levels had a
2.37-fold increased risk of HFrEF (95% CI (1.596,
3.529), P<0.05). However, NT-proBNP and OPG
showed no significant abnormalities in patients with
different types of heart failure (24).

Its primary mode of action is connected to OPG
activation of the RAAS system, the deposition of

References

1. Tsutsui H, Albert NM, Coats AJS, Anker SD, Bayes-Genis
A, Butler J, Chioncel O, Defilippi CR, Drazner MH, Felker
GM, Filippatos G, Fiuzat M, Ide T, Januzzi JL Jr, Kinugawa
K, Kuwahara K, Matsue Y, Mentz RJ, Metra M, Pandey A,
Rosano G, Saito Y, Sakata Y, Sato N, Seferovic PM,
Teerlink J, Yamamoto K, Yoshimura M. Natriuretic pep-
tides: role in the diagnosis and management of heart fail-
ure: a scientific statement from the Heart Failure
Association of the European Society of Cardiology, Heart
Failure Society of America and Japanese Heart Failure
Society. Eur J Heart Fail 2023 May; 25(5): 616-31. doi:
10.1002/ejhf.2848. Epub 2023 Apr 26. PMID:
37098791.

2. Wu L, Yang L, Qian X, Hu W, Wang S, Yan J. Mannan-
Decorated Lipid Calcium Phosphate Nanoparticle
Vaccine Increased the Antitumor Immune Response by
Modulating the Tumor Microenvironment. Journal of
Functional Biomaterials 2024; 15(8):229. https://
doi.org/10.3390/jfb15080229

3. Bayés-Genis A, Taylor CJ. Elevated NT-proBNP in Heart
Failure and CKD: A Genuine Red Flag for Worse
Prognosis-Not a False Positive. JACC Heart Fail 2025
Jan; 13(1): 40-42. doi: 10.1016/].jchf.2024.10.012.
PMID: 39779182.

4. Tsutsui H, Albert NM, Coats AJS, Anker SD, Bayes-Genis
A, Butler J, Chioncel O, Defilippi CR, Drazner MH, Felker

many collagen fibres and the extracellular matrix in
cardiomyocytes and interstitial tissue, and the activa-
tion of IL-17 to participate in the regulation of
myocardial fibrosis, which plays a complex role in
ventricular remodelling (25-27). At present, the criti-
cal indicators for evaluating ventricular remodelling in
actual clinical work are the left atrium, left ventricle
and left ventricular mass indices via echocardiogra-
phy, etc. (28). The LV and LVMI values of HFrEF
patients were both greater than those of HFmrEF and
HFpEF patients (29). Moreover, the changes in ven-
tricular structures such as LA, LV and LVMI in HFrEF
patients are more significant, which leads to uncoor-
dinated cardiac systolic function and poorer cardiac
function in HFrEF patients, who are unable to meet
the demands of the body’s tissues and organs (30—
32).

In patients with chronic heart failure, new car-
diac biomarkers, such as FABP and OPG, are essen-
tial for assessing the level of left ventricular systolic
dysfunction and cardiac function.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

GM, Filippatos G, Fiuzat M, Ide T, Januzzi JL Jr, Kinugawa
K, Kuwahara K, Matsue Y, Mentz RJ, Metra M, Pandey A,
Rosano G, Saito Y, Sakata Y, Sato N, Seferovic PM,
Teerlink J, Yamamoto K, Yoshimura M. Natriuretic
Peptides: Role in the Diagnosis and Management of
Heart Failure: A Scientific Statement From the Heart
Failure Association of the European Society of
Cardiology, Heart Failure Society of America and
Japanese Heart Failure Society. J Card Fail 2023 May;
29(5): 787-804. doi: 10.1016/j.cardfail.2023.02.009.
Epub 2023 Apr 17. PMID: 37117140.

5 Wul, LiH, LiuY, Fan Z, Xu J, Li N, Qian X, Lin Z, Li X,
Yan J. Research progress of 3D-bioprinted functional
pancreas and in vitro tumor models. International
Journal of Bioprinting 2024; 10(1), 1256. doi:
10.36922/ijb.1256.

6. Walter E, Arrigo M, Allerstorfer S, Marty P Hulsmann M.
Cost-effectiveness of NT-proBNP-supported screening of
chronic heart failure in patients with or without type 2
diabetes in Austria and Switzerland. J Med Econ 2023
Jan-Dec; 26(1): 1287-300. doi: 10.1080/13696998.
2023.2264722. Epub 2023 Oct 18. PMID: 37781889.

7. Pastore MC, Mandoli GE, Stefanini A, Ghionzoli N,
Carrucola C, De Carli G, Lisi M, Cavigli L, D'Ascenzi F,
Focardi M, Valente S, Patti G, Mondillo S, Cameli M.
Prediction of congestive state in acute and chronic heart



8 Zheng et al.: H-FABP and OPG in chronic heart failure

failure: The association between NT-proBNP and left

atrial strain and its prognostic value. Int J Cardiol 2023
Jan 15; 371: 266-72. doi: 10.1016/].ijcard.2022.

08.056. Epub 2022 Sep 5. PMID: 36067924.

8. Nunez-Marin G, Palau P Dominguez E, de la Espriella R,
Lopez L, Flor C, Marin P Lorenzo M, Mirana G, Bodi V,
Sanchis J, Nanez J. CA125 outperforms NT-proBNP in
the prediction of maximum aerobic capacity in heart fail-
ure with preserved ejection fraction and kidney dysfunc-
tion. Clin Kidney J. 2024 Jul 2;17(8):sfae199. doi:
10.1093/ckj/sfae199. Erratum in: Clin Kidney J 2024
Nov 20; 17(11): sfae344. doi: 10.1093/ckj/sfae344.

PMID: 39135938; PMCID: PMC11317843.

9.Su X, Lei T, Yu H, Zhang L, Feng Z, Shuai T, Guo H, Liu
J. NT-proBNP in Different Patient Groups of COPD: A
Systematic Review and Meta-Analysis. Int J Chron
Obstruct Pulmon Dis 2023 May 10; 18: 811-25. doi:
10.2147/COPD.S396663. PMID: 37197601, PMCID:

PMC10183357.

10. Wu L, Li X, Qian X, Wang S, Liu J, Yan J. Lipid Nano-
particle (LNP) Delivery Carrier-Assisted Targeted Control-
led Release mRNA Vaccines in Tumor Immunity. Vacci-
nes (Basel) 2024 Feb 12; 12(2): 186. doi: 10.3390/

PMCID:

vaccines12020186.
PMC10891594.

PMID: 38400169;

11. Rammos A, Bechlioulis A, Kalogeras B Watson CJ, Salvo
P Lomonaco T, Kardakari O, Tripoliti EE, Goletsis Y,
Fotiadis DI, Katsouras CS, Michalis LK, Naka KK. The
Potential Role of Salivary NT-proBNP in Heart Failure.
Life (Basel) 2023 Aug 28; 13(9): 1818. doi:
10.3390/1ife13091818. PMID: 37763222; PMCID:

PMC10532738.

12.Yang Z, Ma H, Yin D, Sun C. Impact of Sacubitril/
Valsartan on Cardiac Structure and Blood Levels of
miRNA-328 and NT-proBNP in Patients with CHD and
Chronic Heart Failure. Altern Ther Health Med 2024 Jun
21: AT10778. Epub ahead of print. PMID: 38904619.

13. Osser G, Osser B, Toth C, Miua CC, Marconi GR,
Bondar LI. Exploring the Relationship Between
Ejection Fraction, Arterial Stiffness, NT-proBNP, and
Hospitalization Risk in Heart Failure Patients.
Diagnostics (Basel) 2024 Dec 22; 14(24): 2885. doi:
10.3390/diagnostics14242885. PMID: 39767246;

PMCID: PMC11675150.

14. Sakamoto D, Sotomi Y, Matsuoka Y, Nakatani D, Okada
K, Sunaga A, Kida H, Sato T, Kitamura T, Seo M, Yano
M, Hayashi T, Nakagawa A, Nakagawa Y, Tamaki S,
Yasumura Y, Yamada T, Hikoso S, Sakata Y: OCVC-Heart
Failure Investigators. Prognostic Utility and Cutoff
Differences in NT-proBNP Levels Across Subgroups in
Heart Failure With Preserved Ejection Fraction: Insights
From the PURSUIT-HFpEF Registry. J Card Fail 2025
May; 31(5): 771-80. doi: 10.1016/j.cardfail.2024.10.

440. Epub 2024 Nov 16. PMID: 39557334.

15. Wu L, Chen X, Zeng Q, Lai Z, Fan Z, Ruan X, Li X, Yan
J. NR5A2 gene affects the overall survival of LUAD
patients by regulating the activity of CSCs through SNP
pathway by OCLR algorithm and immune score. Heliyon
2024 Mar 28; 10(7): €28282. doi: 10.1016/j.heliyon.

PMCID:

2024.e28282.
PMC11004709.

PMID: 38601554,

16.

17.

18.

19.

20.

21.

22.

23.

losifov AV, Shtegman OA. Utility of Point-of-Care
Diagnosis of Chronic Heart Failure Using an Express Test
for Semi-Quantitative Determination of NT-proBNP
Levels. Kardiologiia 2024 Jul 31; 64(7): 27-30. Russian,
English. doi: 10.18087/cardio.2024.7.n2647. PMID:
39102570.

Sharma S, Mathur D, Goswami S, Gupta MK, Bhardwaj
P Kumar P, Deora S. Prevalence of periodontitis in chron-
ic heart failure patients and its relationship with NT-
ProBNP: A cross-sectional study. Indian Heart J 2025
Mar-Apr; 77(2): 110-3. doi: 10.1016/].ihj.2025.03.
004. Epub 2025 Mar 7. PMID: 40057232; PMCID:
PMC12138112.

Millogo GRC, Thiam Tall A, Seghda TAA, Kambiré Y,
Nongkouni E, Dabiré YE, Kagambéga LJ, Kologo JK,
Yaméogo VN, Marcaggi X, Zabsonré P. Contribution du
test de marche de six minutes et des taux de NT-proBNP
a l'admission et la sortie dans |'évaluation pronostique de
linsuffisance cardiaque classe II-lll de la NYHA (Contri-
bution of the 6-minutes walking test and the plasma NT-
proBNP at admission and discharge to the prognostic
evaluation of patients with NYHA class -1l Heart
Failure. Ann Cardiol Angeiol (Paris) 2023 Nov; 72(5):
101639. French. doi: 10.1016/j.ancard.2023.101639.
Epub 2023 Sep 15. PMID: 37717311.

Wu L, Zheng Y, Liu J, Luo R, Wu D, Xu B Wu D, Li X.
Comprehensive evaluation of the efficacy and safety of
LPV/r drugs in the treatment of SARS and MERS to pro-
vide potential treatment options for COVID-19. Aging
(Albany NY) 2021 Apr 20; 13(8):10833-10852. doi:
10.18632/aging.202860. Epub 2021 Apr 20. PMID:
33879634; PMCID: PMC8109137.

Dutta A, Mooventhan A, Nivethitha L. Yoga as Adjunct
Therapy for Chronic Heart Failure: A Systematic Review
and Meta-Analysis of Randomized Controlled Trials.
Avicenna J Med 2023 Sep 22; 13(3): 151-62. doi:
10.1055/5-0043-1774738. PMID: 37799183; PMCID:
PMC10550367.

Sezai A, Abe M, Maruyama T, Taoka M, Sekino H,
Tanaka M. A Prospective Randomized Controlled Clinical
Study to Investigate the Efficacy and Safety of Hypoxia-
Inducible Factor-Prolyl Hydroxylase Inhibitors in Non-
Dialysis Patients with Chronic Heart Failure and Renal
Anemia Switched from Continuous Erythropoietin
Receptor Activator Treatment. J Clin Med 2024 May 8;
13(10): 2764. doi: 10.3390/jcm13102764. PMID:
38792306; PMCID: PMC11122572.

Wu L, Zhong Y, Wu D, Xu P Ruan X, Yan J, Liu J, Li X.
Immunomodulatory Factor TIM3 of Cytolytic Active
Genes Affected the Survival and Prognosis of Lung
Adenocarcinoma Patients by Multi-Omics Analysis.
Biomedicines 2022 Sep 10; 10(9): 2248. doi:
10.3390/biomedicines10092248. PMID: 36140350;
PMCID: PMC9496572.

He X, Jiang Y, Li S, Liu D, Li Z, Han X, Zhang X, Dong
X, Liu H, Huang J, Wang X, Long W, Ni S, Yang Z, Ye T.
Efficacy and Safety of QiShen YiQi Dripping Pills in the
Treatment of Coronary Heart Disease Complicating
Chronic Heart Failure (Syndrome of Qi Deficiency with
Blood Stasis): Study Protocol for a Randomized, Placebo-
Controlled, Double-Blind and Multi-Centre Phase |l
Clinical Trial. Int J Gen Med 2023 Dec 28; 16: 6177-88.



J Med Biochem 2025; 44

24.

25.

26.

27.

28.

doi: 10.2147/1JGM.S436999. PMID: 38169574;
PMCID: PMC10758342.

Yan Q, Chen X, Yu C, Yin Y. Long-term surrogate cardio-
vascular outcomes of SGLT2 inhibitor empagliflozin in
chronic heart failure: a systematic review and meta-
analysis. BMC Cardiovasc Disord 2024 Nov 22; 24(1):
663. doi: 10.1186/s12872-024-04316-w. PMID:
39578752; PMCID: PMC11583546.

Gopfert D, Traub J, Sell R, Homola GA, Vogt M, Pham
M, Frantz S, Stork S, Stoll G, Frey A. Profiles of cognitive
impairment in chronic heart failure - A cluster analytic
approach. Front Hum Neurosci 2023 Apr 20; 17:
1126553. doi: 10.3389/fnhum.2023.1126553. PMID:
37151899; PMCID: PMC10157093.

Yan L, Ai'Y, Xing Y, Wang B, Gao A, Xu Q, Li H, Chen K,
Zhang J. Citalopram in the treatment of elderly chronic
heart failure combined with depression: A systematic
review and meta-analysis. Front Cardiovasc Med 2023
Feb 1, 10: 1107672. doi: 10.3389/fcvm.2023.
1107672. PMID: 36818339; PMCID: PMC9933506.

Wu L, Zhong Y, Yu X, Wu D, Xu P Lv L, Ruan X, Liu Q,
Feng Y, Liu J, Li X. Selective poly adenylation predicts the
efficacy of immunotherapy in patients with lung adeno-
carcinoma by multiple omics research. Anticancer Drugs
2022 Oct 1; 33(9): 943-59. doi: 10.1097/CAD.
0000000000001319. Epub 2022 Aug 9. PMID:
35946526; PMCID: PMC9481295.

Wu L, Liu Q, Ruan X, Luan X, Zhong Y, Liu J, Yan J, Li
X. Multiple Omics Analysis of the Role of RBM10 Gene
Instability in Immune Regulation and Drug Sensitivity in
Patients with Lung Adenocarcinoma (LUAD). Biomedi-
cines 2023 Jun 29; 11(7): 1861. doi: 10.3390/bio-
medicines11071861. PMID: 37509501; PMCID:
PMC10377220.

29.

30.

31.

32.

Ivey-Miranda JB, Almeida-Gutierrez E, Herrera-Saucedo
R, Posada-Martinez EL, Chavez-Mendoza A, Mendoza-
Zavala GH, Cigarroa-Lopez JA, Magana-Serrano JA,
Rivera-Leafios R, Trevino-Mejia A, Revilla-Matute C,
Flores-Umanzor EJ, Espinola-Zavaleta N, Orea-Tejeda A,
Garduno-Espinosa J, Saturno-Chiu G, Rao VS, Testani
JM, Borrayo-Sanchez G. Sodium restriction in patients
with chronic heart failure and reduced ejection fraction:
A randomised controlled trial. Cardiol J 2023; 30(3):
411-21. doi: 10.5603/CJ.a2021.0098. Epub 2021 Sep
7. PMID: 34490604; PMCID: PMC10287066.

Traub J, Schuhmann MK, Sell R, Frantz S, Stérk S, Stoll
G, Frey A. S100B Serum Levels in Chronic Heart Failure
Patients: A Multifaceted Biomarker Linking Cardiac and
Cognitive Dysfunction. Int J Mol Sci 2024 Aug 22;
25(16): 9094. doi: 10.3390/ijms25169094. PMID:
39201780; PMCID: PMC11354705.

Fuery MA, Leifer ES, Samsky MD, Sen S, O’Connor CM,
Fiuzat M, Ezekowitz J, Pifa |, Whellan D, Mark D, Felker
GM, Desai NR, Januzzi JL, Ahmad T. Prognostic Impact
of Repeated NT-proBNP Measurements in Patients With
Heart Failure With Reduced Ejection Fraction. JACC
Heart Fail 2024 Mar; 12(3): 479-87. doi: 10.1016/
j.jchf.2023.11.007. Epub 2023 Dec 20. PMID:
38127049.

Wu L, Zheng Y, Ruan X, Wu D, Xu P, Liu J, Wu D, Li X.
Long-chain noncoding ribonucleic acids affect the
survival and prognosis of patients with esophageal
adenocarcinoma through the autophagy pathway: con-
struction of a prognostic model. Anticancer Drugs 2022
Jan 1; 33(1): e590-e603. doi: 10.1097/CAD.
0000000000001189. PMID: 34338240; PMCID:
PMC8670349.

Received: July 25, 2025
Accepted: August 21, 2025




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SRL ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


