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Abstract: Objectives: To evaluate the association between baseline serum soluble stimulator gene 2 (sST2) level, 
B-type natriuretic peptide (BNP) level and treatment outcomes in Heart failure (HF) patients, and to assess their pre-
dictive value. Methods: A retrospective case-control study was conducted on 162 HF patients treated at Longgang 
People’s Hospital from August 2021 to July 2023. Patients were categorized into effective (n=138) and ineffective 
(n=24) groups based on New York Heart Association (NYHA) functional classification post-treatment. Serum sST2 
and BNP levels were measured using enzyme-linked immunosorbent assay, and cardiac function parameters, in-
cluding left ventricular ejection fraction (LVEF) were assessed via echocardiography. Results: The overall treatment 
effectiveness rate was 85.19%. The serum soluble ST2 and BNP levels in the ineffective group were significantly 
higher compared to the effective group (P<0.05). Additionally, LVEF was significantly lower, while the left ventricular 
end-systolic dimension (LVESD) was significantly greater in the ineffective group than in the effective group. Both 
serum sST2 and BNP were identified as independent risk factors for ineffective treatment. A combined predictive 
model incorporating soluble ST2 and BNP achieved an AUC of 0.929, demonstrating excellent predictive perfor-
mance. Conclusion: Baseline serum sST2 and BNP levels are independent predictors of treatment response in HF 
patients. Their combined application enhances predictive performance and may assist clinicians in tailoring treat-
ment strategies to improve patient survival quality and prognosis.
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Introduction

Heart failure (HF) is a common clinical cardio-
vascular disease characterized by a group of 
syndromes resulting from impaired ejection 
and abnormal systolic function, leading to in- 
sufficient perfusion of organs and tissues. Its 
main clinical manifestations include reduced 
exercise tolerance, dyspnea and edema [1-3]. 
Statistics have revealed that HF accounts for 
approximately 20% of all cardiovascular-related 
deaths annually [4], and prognosis remains 
poor, with a 5-year survival rate of only about 
50% [5, 6]. Early prognostic assessment is 
essential for guiding individualized treatment 
plans for HF patients [7].

Soluble growth stimulator gene 2 (sST2) acts 
as a decoy receptor for interleukin-33 (IL-33) 
and plays a role in atherosclerosis, vascular 
inflammation, and myocardial stress respons-

es. Its serum level has high sensitivity to car- 
diomyocyte stress and has been proposed as  
a promising biomarker for HF diagnosis [8, 9]. 
B-type natriuretic peptide (BNP), a well-estab-
lished marker of cardiac dysfunction, is widely 
used in the diagnosis, monitoring, and manage-
ment of HF, and is valuable for risk assessment, 
differential diagnosis, risk stratification, and 
prognosis prediction [10-12].

This study aimed to investigate the association 
of sST2 and BNP levels with treatment out-
comes in HF patients, assess their predictive 
value, and construct a combined prediction 
model to support clinical decision-making.

Methods

Patient selection

This retrospective case-control study included 
162 HF patients who were treated at Longgang 
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People’s Hospital between August 2021 to July 
2023. This study was approved by the Me- 
dical Ethics Committee of Longgang People’s 
Hospital.

Inclusion criteria: 1) Diagnosis of heart failure 
[13] based on echocardiographic findings com-
bined with clinical symptoms and signs; 2) 
Heart function II-IV grade; 3) Age ≥18 years; 4) 
Complete clinical data; 5) Normal liver and kid-
ney functions. Exclusion criteria: 1) Presence 
with pericardial effusion, constrictive pericardi-
tis or other heart diseases; 2) Concurrent acu- 
te or chronic systemic infections; 3) Non-car- 
diogenic dyspnea, pulmonary embolism, auto-
immune diseases, or cardiogenic shock; 4) 
Malignant tumor; 5) Mental disorder or other 
severe comorbidities; 6) Known allergy to any 
medications used in this study.

Routine anti-heart failure treatment

All patients received standard pharmacological 
treatment for heart failure. Digoxin (cardiotonic 
agent, 0.25 mg/tablet, National Drug Approval 
No. H31021074, Hangzhou Sanofi Anwante 
Minsheng Pharmaceutical Co., Ltd., China) was 
administered orally at 0.25 mg three times 
daily for 7 days, followed by maintenance dos-
ing of 0.125-0.5 mg/d. Spironolactone (diuret-
ic, 20 mg/tablet, National Drug Approval No. 
H44023416, Guangzhou Kanghe Pharmaceu- 
tical Co., Ltd., China) was given at 20-40 mg/
time. Dosage was adjusted every 6-8 h accord-
ing to diuretic response, then maintained at 
20-40 mg once every other day. Metoprolol 
(β-receptor blocker, 50 mg/tablet, National 
Drug Approval No. H32025390, AstraZeneca 
Pharmaceutical Co., Ltd., China) was adminis-
tered at 50 mg once a day. The treatment dura-
tion was 1 month.

Grouping criteria

The New York Heart Association’s (NYHA) func-
tional classification was used to evaluate car-

diac function in all patients. Grade I: no limita-
tion of physical activity, and normal physical 
activity does not cause symptoms such as dys-
pnea, palpitation, or angina; Grade II: slight 
limitation of physical activity, with symptoms 
occurring during physical activity; Grade III: 
marked limitation of physical activity, with 
symptoms occurring with less-than-normal 
physical activity; Grade IV: symptoms present 
even at rest. Treatment efficacy was defined as 
follows: an improvement of ≥2 NYHA classes 
was considered significantly effective; improve-
ment of one class was defined effective; and 
improvement of less than one class or worsen-
ing of symptoms was defined as ineffective. 
Based on post-treatment NYHA classification, 
patients were categorized into two groups: the 
effective group (significantly effective + effec-
tive) (n=138) and the ineffective group (n=24).

Blood test

Four milliliters of fasting peripheral venous 
blood were collected from patients in the  
morning. The samples were centrifuged at 
3000 rpm for 15 min to obtain the supernatant 
serum. Hemoglobin and epidermal growth fac-
tor receptor (eGFR) levels were measured us- 
ing an automated biochemical analyzer (BS-
280, Mindray, China). Serum sST2 (ab254505, 
Abcam, UK) and BNP (ab193694, Abcam, UK) 
levels were measured using enzyme-linked 
immunosorbent assay (ELISA) according to the 
manufacturer’s instructions.

Echocardiography

Color Doppler echocardiography (Vivid E95, GE, 
USA) was performed using a 3.0 MHz probe 
prior to treatment. Patients were positioned in 
the left lateral position. The apical four-cham-
ber view was used for pulsed Doppler mea- 
surements of left ventricular ejection fraction 
(LVEF). The parasternal long-axis view was us- 
ed to measure left ventricular end-diastolic 
dimension (LVEDD), left ventricular end-systolic 
dimension (LVESD), left ventricular end-diastol-
ic volume (LVEDV), and left ventricular end-sys-
tolic volume (LVESV).

Statistical analysis

Statistical analysis was performed using SPSS 
29.0 (SPSS Inc., Chicago, IL, USA). Categorical 

Table 1. Treatment efficacy in heart failure 
patients
Efficacy N (n=162) Percentage
Significant effective 100 61.73%
Effective 38 23.46%
Ineffective 24 14.81%
Total effective rate 138 85.19%
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Table 2. Comparison of baseline data between the effective and ineffective groups
Parameters Effective group (n=138) Ineffective group (n=24) t/χ2 P
Gender (Male, %) 72 (52.17%) 11 (45.83%) 0.329 0.566
Age (years) 62.53 ± 9.67 61.83 ± 10.49 0.324 0.746
Body mass index (kg/m2) 25.88 ± 2.26 26.32 ± 2.17 0.878 0.381
Duration of disease (years) 2.68 ± 0.65 2.43 ± 0.53 1.724 0.087
Previous myocardial infarction [n (%)] 44 (31.88%) 7 (29.17%) 0.070 0.791
Smoking history [n (%)] 41 (29.71%) 6 (25.00%) 0.220 0.639
Alcohol consumption history [n (%)] 60 (43.48%) 9 (37.50%) 0.299 0.585
Hypertension [n (%)] 81 (58.70%) 16 (66.67%) 0.541 0.462
Diabetes [n (%)] 19 (13.77%) 4 (16.67%) 0.003 0.953
Coronary heart disease [n (%)] 32 (23.19%) 5 (20.83%) 0.064 0.800
Stroke [n (%)] 18 (13.04%) 2 (8.33%) 0.097 0.756
Atrial fibrillation 43 (31.16%) 8 (33.33%) 0.045 0.832
Cardiac function classification [n (%)] 0.452 0.798
    Grade II 25 (18.12%) 3 (12.50%)
    Grade III 81 (58.70%) 15 (62.50%)
    Grade IV 32 (23.19%) 6 (25.00%)
Heart rate (beats/min) 81.79 ± 17.36 82.24 ± 16.53 0.118 0.906
SBP (mmHg) 129.25 ± 18.14 131.68 ± 18.24 0.605 0.546
DBP (mmHg) 72.15 ± 10.26 74.34 ± 10.48 0.960 0.338
Note: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure.

variables were presented as [n (%)]. For group 
comparisons, the chi-square test was app- 
lied when the sample size was ≥40 and the 
theoretical frequency (T) was ≥5. When 1≤T<5, 
the continuity-corrected chi-square test was 
used. For sample sizes <40 or T<1, Fisher’s 
exact test was employed. The Shapiro-Wilk test 
was used to assess the normality of continuous 
variables. Normally distributed data were ex- 
pressed as (Mean ± SD) and compared using 
the t-test with corrected variance. Non-nor- 
mally distributed data were presented as medi-
an (25th percentile, 75th percentile) and ana-
lyzed using the Wilcoxon rank-sum test. A two-
tailed P<0.05 was considered statistically 
significant.

Spearman correlation analysis was performed 
to evaluate associations between treatment 
outcomes and clinical indicators. Variables that 
were significant in both group comparisons  
and correlation analysis were included as 
covariates in logistic regression analysis. The 
predictive performance of each variable for 
treatment outcome was assessed by calculat-
ing the area under the receiver operating char-
acteristic (ROC) curve (AUC).

Results

Treatment efficacy evaluation in HF patients

Among the 162 HF patients who received ther-
apy, the total effective rate was 85.19% 
(138/162) (Table 1). Specifically, 61.73% 
(100/162) of the patients demonstrated a sig-
nificant therapeutic response, while 23.46% 
(38/162) were classified as effective response. 
A total of 14.81% (24/162) of patients were  
categorized as having an ineffective response. 
The high total effective rate suggests that a 
substantial proportion of patients experienced 
marked clinical improvement following stan-
dard therapy.

Comparison of baseline characteristics be-
tween effective and ineffective groups

There were no statistically significant differenc-
es between the effective and ineffective groups 
in terms of sex, age, body mass index, duration 
of disease, history of smoking or alcohol con-
sumption, comorbidities, or baseline cardiac 
function classification (all P>0.05) (Table 2). 
This indicates that the observed differences in 
treatment efficacy were unlikely to be influ-
enced by these baseline factors.
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Figure 1. Comparison of blood parameters between the effective and inef-
fective groups. A. Serum soluble ST2; B. Serum BNP; C. eGFR; D. Hemoglo-
bin. Note: BNP: B-type natriuretic peptide; ST2: growth stimulator gene 2; 
eGFR: epidermal growth factor receptor. ns: no significant difference; ***: 
P<0.001.

Comparison of blood parameters between ef-
fective and ineffective groups

Comparison of blood test parameters between 
the effective and ineffective groups revealed 
that serum sST2 and BNP levels were signifi-
cantly elevated in the ineffective group, where-
as eGFR and hemoglobin levels showed no  
significant difference (Figure 1). Specifically, 
serum sST2 levels were significantly higher in 
the ineffective group compared to the effec- 
tive group (793.26 ± 141.38 pg/L vs. 632.15 ± 

120.23 pg/L; t=5.899, P< 
0.001). Similarly, serum BNP 
levels were significantly elevat-
ed in the ineffective group 
(381.72 ± 122.23 ng/L vs. 
228.63 ± 108.94 ng/L; t= 
6.239, P<0.001). These re- 
sults highlight that elevated 
baseline levels of sST2 and 
BNP may reflect more seve- 
re pathophysiological derange-
ments and are associated with 
poorer treatment response, 
supporting their role as poten-
tial predictors of therapeutic 
efficacy in HF patients.

Comparison of echocardiogra-
phy parameters between ef-
fective and ineffective groups

Comparison of echocardiogra-
phy parameters between the 
effective and ineffective gr- 
oups revealed significant dif-
ferences in LVEF and LVESD, 
while no significant differenc- 
es were found in LVEDD, 
LVEDV, and LVESV (Figure 2). 
Specifically, LVEF was signifi-
cantly higher in the effective 
group compared to the inef- 
fective group (43.04 ± 5.12% 
vs. 39.15 ± 4.97%; t=3.457, 
P<0.001). Conversely, LVESD 
was significantly greater in the 
ineffective group (3.67 ± 0.54 
cm vs. 3.29 ± 0.68 cm; t= 
2.563, P=0.011). These find-
ings highlight the relevance  
of preserved systolic function 
and reduced ventricular re- 

modeling as key determinants of favorable 
treatment response in HF patients.

Correlation between parameters and treat-
ment efficacy

Correlation analysis identified significant co- 
rrelations between treatment outcomes and 
key clinical parameters, including serum sST2, 
serum BNP, LVEF, and LVESD (Table 3). Spe- 
cifically, serum sST2 was positively correlated 
with treatment inefficacy (rho=0.376, P<0.001), 
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Figure 2. Comparison of echocar-
diography parameters between the 
effective and ineffective groups. A. 
LVEF; B. LVEDD; C. LVESD; D. LVEDV; 
E. LVESV. Note: LVEF: left ventricu-
lar ejection fraction; LVEDD: left 
ventricular end-diastolic dimension; 
LVESD: left ventricular end-systolic 
dimension; LVEDV: left ventricular 
end-diastolic volume; LVESV: left 
ventricular end-systolic volume. ns: 
no significant difference; *: P<0.05, 
***: P<0.001.

Table 3. Correlation between LVEF, BNP, 
serum soluble ST2 levels and treatment inef-
ficacy in heart failure patients
Parameters rho P
Serum soluble ST2 (pg/L) 0.376 P<0.001
Serum BNP (ng/L) 0.401 P<0.001
LVEF (%) -0.251 0.001
LVESD (cm) 0.230 0.003
Note: BNP: B-type natriuretic peptide; ST2: growth 
stimulator gene 2; LVEF: left ventricular ejection fraction; 
LVESD: left ventricular end-systolic dimension.

indicating that elevated sST2 levels are  
associated with poorer therapeutic response. 
Similarly, serum BNP levels were strongly and 
positively correlated with treatment inefficacy 

(rho=0.401, P<0.001), reinforcing its role as a 
prognostic biomarker. LVEF demonstrated a 
negative correlation (rho=-0.251, P=0.001), 
while LVESD showed a positive correlation 
(rho=0.230, P=0.003) with treatment ineffica-
cy. These findings emphasize the predictive 
value of elevated sST2 and BNP levels, reduc- 
ed LVEF, and increased LVESD in identifying 
patients at a higher risk of poor therapeutic 
response.

Identification of serum sST2 and BNP as inde-
pendent risk factors for treatment inefficacy

Given the high correlation between LVEF and 
LVESD and their higher P-values, they were 
excluded from the forward stepwise regression 
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Table 4. Logistic regression analysis of variables affecting treat-
ment effectiveness in heart failure patients
Parameters SE Wald P value OR 95% CI
Serum soluble ST2 0.654 3.758 <0.001 11.663 3.239-41.997
Serum BNP 0.645 3.836 <0.001 11.862 3.352-41.969
Note: BNP: B-type natriuretic peptide; ST2: growth stimulator gene 2.

Table 5. Predictive value of serum soluble ST2 and BNP for treat-
ment outcome in patients with heart failure

Parameters Best 
threshold Sensitivities Specificities AUC Youden 

index
Serum soluble ST2 797.530 0.583 0.891 0.806 0.474
Serum BNP 302.255 0.792 0.768 0.826 0.560
Note: BNP: B-type natriuretic peptide; ST2: growth stimulator gene 2.

Figure 3. ROC curve of the joint predictive model for treatment effective-
ness. Note: ROC: Receiver Operating Characteristic Curve.

analysis. The analysis identified serum sST2 
and BNP as the most influential variables as- 
sociated with treatment effectiveness. Both 
serum sST2 (OR=11.663, 95% CI: 3.239-
41.997) and serum BNP (OR=11.862, 95% CI: 
3.352-41.969) were independently and po- 
sitively correlated with treatment inefficacy 

(Table 4), suggesting their 
potential utility as significant 
risk factors for predicting tre- 
atment effectiveness in HF 
patients.

Superior predictive perfor-
mance of serum BNP

Both serum sST2 and BNP 
exhibited strong predictive va- 
lues for treatment efficacy in 
HF patients (Table 5). Serum 
BNP showed slightly superior 
performance in terms of sen- 
sitivity, specificity, AUC, and 
Youden index. The higher sen-
sitivity of serum BNP makes it 
particularly suitable for identi-
fying patients at risk of poor 
outcomes, while the higher 
specificity of serum sST2 en- 
hances its utility in confirm- 
ing favorable treatment out-
comes. These biomarkers can 
be used either individually or 
in combination to guide clini-
cal decision-making and tai- 
lor individualized therapeutic 
strategies.

Combined predictive model 
enhanced efficacy prediction

A combined predictive model 
integrating serum sST2 and 
BNP was developed to im- 
prove assessment of treat-
ment efficacy in heart failure. 
This model demonstrated a 
high predictive value, with an 
AUC of 0.929 (Figure 3), indi-
cating its high accuracy in 
identifying patients at risk of 
ineffective treatment and su- 
pporting its potential for clini-
cal application.

Discussion

In recent years, the incidence of heart failure 
has continued to rise annually, primarily due  
to myocardial damage, cardiac overload, and 
impaired diastolic function [14]. Serum soluble 
ST2 and BNP are biomarkers of myocardial 
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stress that reflect alterations in cardiac pres-
sure and volume load [15, 16].

In heart failure, ischemia and hypoxia-induced 
myocardial necrosis promote extracellular ma- 
trix fibrosis, resulting in loss of myocardial con-
tractility. This leads to expansion of ischemic 
regions, compensatory overload in non-isch-
emic areas, progressive ventricular dilation, 
ventricular remodeling, abnormal ventricular 
wall motion, and decreased LVEF [17, 18]. While 
LVEF is a valuable index for assessing myocar-
dial injury and cardiac function, it does not fully 
capture the complexity of heart failure patho-
physiology. Combining LVEF with additional bio-
markers may enhance predictive accuracy and 
clinical utility.

Transmembrane ST2 binds its functional ligand 
IL-33 and exerts cardioprotective effects [19]. 
In this study, serum sST2 levels were signifi-
cantly increased in the ineffective group com-
pared to the effective group, indicating an 
association between elevated sST2 and poor 
treatment response. The potential mechanisms 
may be as follows: (1) Mechanical stress in HF 
upregulates the expression of sST2, which cor-
relates with disease severity. As a decoy re- 
ceptor, sST2 antagonizes the expression of 
related inflammatory factors, induces myocar-
dial fibrosis and hypertrophy, and contributes 
to disease progression. Thus, higher serum 
sST2 levels reflect greater pathological burden 
and are associated with poorer cardiac out-
comes [20, 21]. (2) The IL-33/transmembrane 
ST2 signaling axis functions as a mechani- 
cal stress-responsive cardioprotective path-
way, exerting anti-atherosclerotic, anti-hyper-
trophic, and anti-fibrotic effects. Soluble ST2 
competes with transmembrane ST2 by binding 
IL-33, thereby inhibiting the IL-33/ST2 signaling 
cascade, neutralizing its protective role, and 
potentially impairing treatment efficacy [22, 
23].

BNP is a biologically active polypeptide hor-
mone encoded by the BNP gene at the distal 
end of the short arm of chromosome 1. It is a 
key cardiovascular neurohormone. Under con-
ditions of increased ventricular volume and 
elevated filling pressure, BNP level increases 
sharply [24-26]. Research has demonstrated a 
strong correlation between BNP and cardiac 
function in patients with chronic heart failure, 
suggesting its potential utility in assessing dis-

ease severity and guiding treatment decisions 
[27]. In this study, the serum BNP level was sig-
nificantly higher in the ineffective group com-
pared to the effective group, consistent with 
previous findings. In response to impaired left 
ventricular function, including abnormal dia-
stolic function and systolic function, cardiomyo-
cytes rapidly synthesize and release BNP into 
the circulation to modulate cardiac function. 
BNP exerts multiple physiological effects, 
including inhibition of myocardial fibrosis, re- 
duction of vascular tone, promotion of diuresis, 
and suppression of sodium reabsorption in 
organs such as heart and kidney. These ef- 
fects collectively contribute to vasodilation, 
blood pressure reduction, and decreased ven-
tricular preload [28]. Furthermore, studies have 
shown that plasma BNP level rises in response 
to myocardial ischemia, hypoxia, or infarction, 
supporting its role in the diagnosis, treatment 
monitoring, and prognostic evaluation of is- 
chemic cardiac diseases [29]. While BNP is 
involved in the body’s compensatory mecha-
nism, its abnormally elevated levels indicate 
significant cardiac dysfunction [30].

To improve the accuracy of prediction, we con-
structed a combined predictive model incor- 
porating both sST2 and BNP. The AUC of this 
model reached 0.929, demonstrating excellent 
predictive performance. The joint application of 
these two biomarkers enhances both sensitivi-
ty and specificity, providing a more comprehen-
sive reflection of the complex pathophysiologi-
cal mechanisms underlying heart failure. This 
combined predictive model holds potential in 
future clinical application, assisting doctors in 
formulating more precise, individualized treat-
ment plans and potentially improving patient 
outcomes.

Despite the valuable findings from this work, 
several limitations should be acknowledged. 
First, this was a retrospective study, which may 
be subject to selection bias and information 
bias, potentially affecting the external validity 
of the results. Second, the sample size was 
relatively small, particularly in the ineffective 
group, possibly limiting the statistical power of 
certain conclusions. Third, since the data were 
sourced from a single center, the generalizabil-
ity of the results is restricted. Future research 
should adopt multi-center, prospective designs 
to address these limitations and explore addi-
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tional biomarkers associated with treatment 
outcomes.

Conclusions

In summary, serum soluble ST2 and BNP are 
effective biomarkers for predicting treatment 
outcomes in patients with heart failure. Their 
combined use significantly improves predictive 
performance. These findings provide clinicians 
with valuable tools to guide treatment strate-
gies and optimize therapeutic outcomes, ulti-
mately enhancing prognosis of HF patients.
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