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Aims/Background Chronic heart failure (CHF) is a complex clinical syndrome resulting from various
cardiac diseases, characterized by weakened cardiac pumping capacity and inadequate blood supply
to body tissues. This study aims to investigate the expression and clinical implications of pro-B-type
natriuretic peptide (pro-BNP) and soluble suppression of tumorigenicity 2 (sST2) in CHF to explore
their potential in early diagnosis and severity assessment of the pathological condition.

Methods This study included 146 CHF patients treated at our hospital from January 2022 to December
2023, who were classified in the observation group, and 150 concurrent healthy people categorized in
the control group. pro-BNP and sST2 levels in the observation and control groups were compared. The
diagnostic value of pro-BNP and sST2 in CHF was determined using receiver operating characteristic
(ROC) curves. Besides, pro-BNP and sST2 levels in patients with different New York Heart Association
(NYHA) grades were compared, and their relationships with left ventricular ejection fraction (LVEF),
left atrial diameter (LAD), and left ventricular end-diastolic diameter (LVEDD) were assessed by means
of Pearson’s correlation.

Results CHF cases showed markedly higher pro-BNP and sST2 levels than healthy controls (p < 0.05).
The area under the ROC curves for pro-BNP and sST2 in diagnosing CHF was 0.826 (95% CI: 0.778—
0.875) and 0.733 (95% CI: 0.674—0.791), respectively. pro-BNP and sST2 levels were similar in grades
I and II patients (p > 0.05), but lower when compared with those in grades III and IV patients (p <
0.05). Grade III patients showed lower pro-BNP and sST2 expression than grade IV patients (p <
0.05). Additionally, pro-BNP and sST2 had an inverse connection with LVEF (r = —0.764 and r = —
0.535, respectively) and a positive correlation with LAD (r = 0.752 and r = 0.535, respectively) and
LVEDD (r=0.721 and r = 0.544, respectively).

Conclusion pro-BNP and sST?2 exhibit good diagnostic value for CHF, owing to their close association
with patients’ cardiac function. These biomarkers can be used as effective indicators to evaluate the
severity of heart failure.
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Introduction

Chronic heart failure (CHF) is a complex cluster of clinical symptoms resulting
from various cardiac diseases, mainly manifested as weakened pumping capacity
of the heart that results in an inadequate blood supply to various parts of the body
(Mascolo et al, 2022). With a strong link to aging, the prevalence of the disease
increases with age, with particularly higher rate in older adults (Zuo et al, 2023).
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Given the accelerated aging on a global scale, the incidence of CHF is also showing
an upward trend, with 2% to 3% of the adult population in Western nations and 5%
to 9% of individuals aged 65 years and older being affected by CHF (Girerd et al,
2022; Roger, 2021; van Riet et al, 2016). CHF has a significant impact on patients’
quality of daily life, causing typical symptoms such as reduced exercise tolerance,
shortness of breath, and limb edema, which not only pose a physical challenge to
patients but also place significant strain on the household finances and healthcare
resources (Lin et al, 2023). Given the complexity and progressive nature of CHF,
timely diagnosis, proactive treatment measures, and continuous disease manage-
ment are crucial for improving patient survival and quality of life (Heidenreich et
al, 2022). However, the diversity of clinical manifestations of CHF and the fact that
its symptoms are indistinguishable from those of other conditions, such as chronic
obstructive pulmonary disease and asthma, make differential diagnosis more chal-
lenging (Harjola et al, 2020; Liu et al, 2022). Therefore, accurate diagnosis and
effective management of CHF require comprehensive clinical judgment, applica-
tion of auxiliary examinations, and consideration of the patient’s overall condition.

The expression of the B-type natriuretic peptide (BNP) gene is significantly
enhanced when the ventricles are subjected to a high-pressure load or when the
myocardium is in a state of ischemia and hypoxia (Primessnig et al, 2022; Redfors
etal, 2018). The resulting precursor protein of BNP, following the transcription and
translation of this gene, is subjected to specific enzymatic action to yield pro-BNP
by removing the N-terminal signal peptide (Han et al, 2020). Despite not being
biologically active, pro-BNP boasts high clinical application value by virtue of its
long half-life (about 1 to 2 hours), stable expression in vivo (relatively constant
levels within 24 hours), and measurement not being affected by factors such as
daily activities and body position changes (Onoe et al, 2023). As a peptide hormone
secreted by the heart, pro-BNP plays a key role in the diagnosis, treatment response
monitoring, and prognosis evaluation of cardiovascular diseases (Sani et al, 2021).

Suppression of tumorigenicity 2 (ST2), which belongs to the interleukin-1
receptor (IL-1R) family, binds with interleukin-33 (IL-33) to exert its biological
effects, mainly by inhibiting the hypertrophy, necrosis, and fibrosis of cardiomy-
ocytes, thus playing a cardioprotective role (Dattagupta and Immaneni, 2018; Zhang
et al, 2021). On the other hand, soluble ST2 (sST2)—a soluble variant of ST2—
can competitively bind with IL-33, thus counteracting the cardioprotective effect
of ST2 (Vitali et al, 2021). In patients with cardiovascular diseases, elevated sST2
levels are strongly associated with cardiac remodeling, myocardial fibrosis, and
exacerbation of inflammatory responses (Dudek et al, 2023). Although sST2 has
shown great potential as a biomarker for cardiovascular disease, its value in clini-
cal application requires further evaluation taking into account the comprehensive
information, such as clinical symptoms and signs, as well as expression of other
biomarkers, to substantiate its accuracy in disease diagnosis and treatment.

Left atrial diameter (LAD), left ventricular end-diastolic diameter (LVEDD),
and left ventricular ejection fraction (LVEF) are critical indices used to evaluate
cardiac function and structure (Yu et al, 2024). LAD refers to the maximum inter-
nal diameter of the left atrium during systole, providing insight into atrial size and
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potential remodeling (Bouzas-Mosquera et al, 2011). LVEDD, on the other hand,
represents the maximum left ventricular internal diameter at end-diastole, indicat-
ing ventricular dilation or hypertrophy (Gac et al, 2022). LVEF, which indicates
the percentage of blood ejected from the left ventricle with each contraction, serves
as a key measure of systolic function (Packer, 2024). These indices hold significant
importance as they enable the quantification of cardiac remodeling and dysfunction
in patients with CHF.

This study aims to investigate the expression levels of pro-BNP and sST2 in
CHF patients, explore their correlation with different grades of heart failure, and
analyze the relationships between these biomarkers and cardiac function indices,
thereby providing references and insights into clinical evaluation and treatment of
CHF.

Methods

Patient Information

In this retrospective study, we enrolled and selected 146 patients with CHF
treated at the Suzhou Kowloon Hospital Affiliated with Shanghai Jiaotong Univer-
sity School of Medicine from January 2022 to December 2023. These cases were
grouped under the observation group, and for comparison, 150 healthy individuals
treated in our hospital during the same period of time were recruired and catego-
rized into the control group. This study was approved by the Ethics Committee of
the Suzhou Kowloon Hospital Aftiliated with Shanghai Jiaotong University School
of Medicine (NO. 2023021515183465) and was conducted in accordance with the
Declaration of Helsinki. Due to the retrospective nature of the study, informed
consent was waived by the Ethics Committee of the Suzhou Kowloon Hospital Af-
filiated to Shanghai Jiaotong University School of Medicine.

Inclusion and Exclusion Criteria

All the subjects in the observation group were patients diagnosed with CHF
upon confirmation against their medical history, physical examination results, imag-
ing findings, electrocardiograms, and other examination results (McDonagh et al,
2021). On the other hand, the subjects in the control group showed no abnormality
in all the laboratory tests administered. All recruited participants were subjected
to pro-BNP and sST2 measurements. Only the subjects with complete medical
records were included.

For this study, patients with severe hepatic and renal insufficiency, cardiac in-
sufficiency caused by congenital heart disease, acute heart failure, mental retarda-
tion, language communication disorders, psychiatric disorders, or previous history
of mental illness were excluded. These criteria were applied to both the observation
group and the control group.

Data Collection

The clinical data required for this study were collected from the hospital’s elec-
tronic medical record system. These data encompass demographic characteristics
(sex, age, body mass index [BMI], and heart rate), laboratory parameters (levels of
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pro-BNP and sST2), echocardiographic indices (LVEF, LAD, and LVEDD), com-
plications (hypertension, coronary heart disease, diabetes mellitus, dyslipidemia,
stroke, and prior myocardial infarction), and the New York Heart Association (NYHA)
functional classification.

Blood samples from patients were collected to determine the levels of pro-BNP
and sST2 using human pro-BNP ELISA kits (Abcam, London, UK) and human
sST2 ELISA kits (Sangon Biotech, Shanghai, China), respectively, in accordance
with the manufacturer’s instructions. Echocardiographic measurements of LAD
and LVEDD were performed in the parasternal long-axis view using M-mode, while
LVEF was calculated by employing the Simpson’s biplane method. The severity of
cardiac dysfunction was graded according to the NYHA functional classification,
which categorizes patients into four grades (I-1V) based on the degree of limitation
in physical activity due to their symptoms.

Outcome Measures

The diagnostic value of pro-BNP and sST2 in CHF was determined using re-
ceiver operating characteristic (ROC) curves. The area under the ROC curve was
calculated for quantifying the discriminatory power of each biomarker. Addition-
ally, sensitivity and specificity were determined to assess the accuracy of these
markers in diagnosing CHF. Furthermore, the current study explored the correla-
tions of pro-BNP and sST2 levels with the key echocardiographic indices of cardiac
function (LVEF, LAD, and LVEDD).

Statistical Analysis

All statistical analyses were carried out using SPSS 20.0 (SPSS Inc., Chicago,
IL, USA), and the statistical significance threshold was set at p < 0.05. Prior to sta-
tistical analysis, normality of the data was assessed using the Kolmogorov-Smirnov
test. The normally distributed data are presented as means and standard deviations
(mean £ SD). Independent samples ¢-tests were employed to compare continuous
variables between the observation group and the control group. Categorical data
were analyzed using the Chi-square test (denoted by (x?), and are expressed as
percentages (%) in this paper. One-way analysis of variance (ANOVA) was used
to compare pro-BNP and sST2 levels across patient groups with different NYHA
grades. In the case when significant differences (p < 0.05) were detected in the
ANOVA, a Tukey’s post-hoc test was conducted to specifically compare differences
between two patient groups of different NYHA grades. Pearson’s correlation was
utilized to analyze the relationships of pro-BNP and sST2 levels with cardiac func-
tion indices such as LVEF, LAD, and LVEDD. ROC curves were constructed to
evaluate the diagnostic value of pro-BNP and sST2 in CHF.

Results

Baseline Data

The analysis of the patient’s baseline data, presented in Table 1, revealed no
statistically significant inter-group differences in terms of sex, age, and BMI (p >
0.05). However, notable statistical significance was identified in several key pa-
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Baseline characteristics Observation group (n = 146) Control group (n=150)  t/x*>  p-value
Sex 0.455 0.500

Male 79 (54.11) 87 (58.00)

Female 67 (45.89) 63 (42.00)
Age (years) 71.51 &+ 7.34 69.93 £ 8.64 1.690 0.092
Body mass index (kg/m?) 2242 +£2.73 22.96 £+ 3.23 1.560 0.120
Heart rate (bpm) 72.50 £+ 4.46 81.01 4+ 5.39 14.780 <0.001
LVEF (%) 43.36 +2.22 60.57 +2.24 66.385 <0.001
LAD (mm) 59.82 +4.42 47.99 +2.70 27.715 <0.001
LVEDD (mm) 38.30 +3.33 30.26 = 2.12 24716  <0.001
Hypertension 51 (34.93) 32 (21.33) 6.780 0.009
Coronary heart disease 64 (43.84) 28 (18.67) 21.880 <0.001
Diabetes mellitus 57 (39.04) 39 (26.00) 5.742 0.016
Dyslipidemia 68 (46.58) 46 (30.67) 7.907 0.005
Stroke 29 (19.86) 8(5.33) 14.280 <0.001
Prior myocardial infarction 38 (26.03) 14 (9.33) 14.240 <0.001
NYHA classification

I 29 (19.86)

II 59 (40.41)

111 31 (21.23)

v 27 (18.49)

Notes: Categorical data are expressed as count (percentage), whereas quantitative data are expressed as
mean + standard deviation.

Abbreviations: LVEF, left ventricular ejection fraction; LAD, left atrial diameter; LVEDD, left ventricular
end-diastolic diameter; NYHA, New York Heart Association.

rameters, including LVEF, LAD, and LVEDD (p < 0.05). The observation group
exhibited a significantly lower LVEF (43.36 &+ 2.22%) compared to the control
group (60.57 + 2.24%)), indicating a substantial difference in left ventricular func-
tion between the groups (p < 0.001). Similarly, LAD and LVEDD were signifi-
cantly higher in the observation group (59.82 4+ 4.42 mm and 38.30 + 3.33 mm,
respectively) than in the control group (47.99 + 2.70 mm and 30.26 + 2.12 mm,
respectively) (p < 0.001). Additionally, significant inter-group differences were
observed in heart rate, hypertension, coronary heart disease, diabetes mellitus, dys-
lipidemia, stroke, and prior myocardial infarction (p < 0.05), further emphasizing
the distinct clinical profiles and complications between the observation and control
groups.

pro-BNP and sST2 Expression in CHF

By comparing pro-BNP and sST2 levels between the observation and control
groups (Fig. 1), we found that pro-BNP and sST2 levels were higher in CHF cases
than in controls (p < 0.05).
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Fig. 1. pro-BNP and sST2 expression in chronic heart failure. (a) The observation groups
showed higher pro-BNP level than the control group (p < 0.001). (b) The observation groups
showed higher sST2 level than the control group (p < 0.001). Abbreviations: pro-BNP, pro-B-type
natriuretic peptide; sST2, soluble suppression of tumorigenicity 2.

Diagnostic Value of pro-BNP and sST2 in CHF

To assess the diagnostic value of pro-BNP and sST2 in CHF, ROC curves
were constructed and analyzed. The results, presented in Fig. 2, demonstrated that
the area under the curve (AUC) for pro-BNP was 0.826 (95% CI: 0.778-0.875),
while the AUC for sST2 was 0.733 (95% CI: 0.674-0.791). Specifically, pro-BNP
demonstrated a sensitivity of 89.33% and a specificity of 68.49%, whereas sST2
showed a sensitivity of 94.00% and a specificity of 50.00%. These results suggest
that both pro-BNP and sST2 possess application value in CHF diagnosis.

(a) 100 (b) 100
80 80
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§ 40 é 40
& AUC=0.826 & AUC=0.733
P 95% Cl 0.778-0.875 95% Cl 0.674-0.791
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Fig. 2. ROC curves for evaluating the diagnostic value of pro-BNP and sST2 in chronic heart
failure (CHF). (a) ROC curve for pro-BNP in CHF diagnosis. (b) ROC curve for sST2 in CHF
diagnosis. Abbreviations: ROC, receiver operating characteristic; pro-BNP, pro-B-type natriuretic
peptide; sST2, soluble suppression of tumorigenicity 2.
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Table 2. pro-BNP and sST2 levels across different NYHA grades.
Grade  sST2 level (ng/mL) pro-BNP level (pg/mL)

I 26.77 + 6.36 299.30 + 80.62
| 26.10 + 5.89 313.73 + 75.42
I 31.10 + 6.58% 1531.04 + 368.47%
v 33.16 + 7.29%b¢ 4811.69 + 1003.227b¢
F value 9.928 645.77
p-value <0.001 <0.001

Notes:  p < 0.05 versus grade I patients; ” p < 0.05 versus
grade II patients; © p < 0.05 versus grade III patients.
Abbreviations: pro-BNP, pro-B-type natriuretic peptide;
sST2, soluble suppression of tumorigenicity 2.

pro-BNP and sST2 Levels in Patients Across Different NYHA Grades

The comparison of pro-BNP and sST2 levels across different NYHA grades
revealed that patients in NYHA grades I and II had comparable levels of both pro-
BNP and sST2 (p > 0.05). However, when compared to patients in NYHA grades
III and IV, those in grades I and II had significantly lower levels of pro-BNP and
sST2 (p < 0.05). Furthermore, patients in NYHA grade III had significantly lower
levels of pro-BNP and sST2 compared to those in grade IV (p < 0.05; Table 2).

Association of pro-BNP and sST2 with Cardiac Function Indices

The correlation of pro-BNP and sST2 with LVEF, LAD, and LVEDD in CHF
patients was determined by Pearson’s correlation, which revealed an inverse associ-
ation of pro-BNP and sST2 with LVEF and a positive correlation of these markers
with LAD and LVEDD, as shown in Fig. 3.

Discussion

The indistinct symptoms of CHF present considerable challenges in early de-
tection and diagnosis, leading to late treatment and poor prognosis in heart failure
patients (Buckley et al, 2023). Given the importance of early diagnosis, the present
study investigated the clinical significance of pro-BNP and sST2 levels in CHF pa-
tients, particularly focusing on their diagnostic value and correlation with cardiac
function parameters.

The comparison of pro-BNP and sST2 levels between the observation and con-
trol groups revealed that the levels of these markers were markedly higher in CHF
patients than in healthy controls. The elevated levels of pro-BNP in heart failure
patients are attributed to cardiac stretch and pressure overload due to myocardial
dysfunction, resulting in the release of BNP from cardiomyocyte (Boulogne et al,
2017). A previous study has shown that cardiomyocytes undergo remodeling dur-
ing heart failure, including cardiomyocyte hypertrophy and extracellular matrix
deposition, resulting in increased synthesis and release of pro-BNP (Chang et al,
2023). Patients with heart failure are often accompanied by chronic inflammation,
and the activation of inflammatory cells and cytokines can stimulate the produc-
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Fig. 3. Correlation of pro-BNP and sST2 with cardiac function indices. (a) sST2 was negatively
correlated with LVEF (r =—-0.535). (b) pro-BNP was negatively correlated with LVEF (r =—-0.764).
(c) sST2 was positively correlated with LAD (r = 0.535). (d) pro-BNP was positively correlated
with LAD (r = 0.752). (e) sST2 was positively correlated with LVEDD (r = 0.544). (f) pro-BNP
was positively correlated with LVEDD (r = 0.721). Abbreviations: pro-BNP, pro-B-type natriuretic
peptide; sST2, soluble suppression of tumorigenicity 2; LVEF, left ventricular ejection fraction;
LAD, left atrial diameter; LVEDD, left ventricular end-diastolic diameter.

tion of sST2 by cardiomyocytes and fibroblasts (Uchida et al, 2022). These find-
ings highlight that the determination of pro-BNP and sST2 levels may be useful
for the diagnosis of CHF, whose diagnostic potential for CHF was assessed in the
present study using ROC curves. Both pro-BNP (0.826) and sST2 (0.733) exhibit
high AUCs, highlighting their diagnostic potential for CHF. Our results indicate
that these biomarkers may serve as valuable clinical tools for the early detection
of CHF. Our findings align with previous studies that emphasize the importance of
pro-BNP and sST2 in diagnosing cardiovascular diseases (Rabkin and Tang, 2021;
Zhang et al, 2021).

In our subsequent comparative analysis of pro-BNP and sST2 levels across
different NYHA grades, we found that the levels of these biomarkers were signif-
icantly elevated in grades III and IV patients than in grade I and II patients, while
patients with grade IV had significantly higher pro-BNP and sST2 levels than those
with grade III. At the end of the study, we used Pearson’s correlation to detect
the correlation of pro-BNP and sST2 with LVEF, LAD, and LVEDD in CHF pa-
tients. Importantly, we observed an inverse correlation between these biomarkers
and LVEF, which represents the percentage of blood ejected from the left ventricle
with each contraction. LVEF is a key indicator of left ventricular systolic function,
and a decrease in LVEF indicates a reduction in the amount of blood pumped out
by the heart during each contraction, which is tantamount to a decrease in myocar-
dial contractility (Srivastava et al, 2022). Conversely, pro-BNP and sST2 levels
were positively correlated with LAD and LVEDD, markers of atrial and ventricular
dilation. This result can be accounted for by the reduced myocardial contractility,
which can trigger insufficient ventricular emptying during systole, ultimately in-
creasing the volume of blood retained within the ventricles and exacerbating the
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pressure load on the ventricular wall (Aimo et al, 2019; Kuwahara, 2021). The in-
crease in LAD and LVEDD typically reflects the remodeling process of the heart,
including hypertrophy of the atrial and ventricular walls, as well as enlargement of
the heart cavity (Jia et al, 2023). This remodeling is an adaptive response to the
long-term high-volume load on the heart. The elevation in capacity load leads to
the dilatation of the atria and ventricles, thereby raising the filling pressure of the
heart, exacerbating the workload of the heart, and aggravating the severity of heart
failure (Rossi et al, 2014).

In this study, the pro-BNP and sST2 levels were found to be elevated with
the cardiac function grade, indicating their significance in reflecting the severity of
heart failure. This phenomenon can be attributed to the increasing pressure load and
volume load of the central chamber during the pathogenic process of heart failure,
which activates related genes and promotes the production of sST2 and pro-BNP
(Romeo et al, 2010). Consistent with this observation, Apandi et al (2023) have
also reported that pro-BNP increases in response to heightened left and right ven-
tricular pressure and volume load. sST2, as a novel biomarker, reflects myocardial
fibrosis and remodeling processes, which are often underlying factors in CHF pro-
gression (Miller et al, 2016). Moreover, given that sST2 is minimally influenced by
age and renal function, its inclusion in the diagnostic protocol can further enhance
diagnostic accuracy (Bayes-Genis et al, 2013; Maisel and Di Somma, 2017). The
current combined analysis of these two biomarkers not only confirms their roles
in CHF but also underscores their synergistic effect in the early identification of
CHEF. This approach enables clinical detection of CHF at an earlier stage, facilitat-
ing prompt interventions that can potentially slow disease progression and improve
patient outcomes. Furthermore, continuous monitoring of these biomarkers over
time can offer valuable insights into disease activity and treatment response, aiding
in the timely adjustment of therapeutic strategies as needed.

Several shortcomings of this study are worthy of discussion. First, the retro-
spective research design of this study may inadvertently introduce bias in patient
selection, which reduces the generalizability of the current set of findings. Second,
the impact of pro-BNP and sST2 on the long-term outcomes in patients remains
unclear due to the short period of follow-up with the patients. Further studies may
consider extending the follow-up period to analyze patient outcomes. Third, the
sample size of this study is relatively small. Therefore, further research should
increase the sample size.

Conclusion

In conclusion, our findings confirm that pro-BNP and sST2 exhibit remarkable
potential in CHF diagnosis. The levels of these biomarkers can reflect the severity
of heart failure, thus giving valuable information for conducting timely and accu-
rate clinical diagnosis. Future studies should aim to validate these findings in larger,
prospective cohorts, and to explore the potential role of these biomarkers in moni-
toring treatment response and predicting long-term outcomes in CHF patients.
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e Our study highlights the clinical significance of pro-BNP and sST2 as
biomarkers for the early diagnosis and severity assessment of chronic
heart failure (CHF).

e These biomarkers enable early identification of CHF and accurate assess-
ment of cardiac dysfunction, thereby facilitating timely interventions to
improve patient outcomes.

e The inverse correlation with left ventricular ejection fraction and positive
correlation with atrial and ventricular dilation markers emphasize their
role in guiding patient management and treatment decisions.

e The findings of this study underscore the clinical significance of incor-
porating pro-BNP and sST2 measurements into routine CHF assessment
protocols.
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