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Purpose: Chronic heart failure (CHF) is a major public health issue with high morbidity and mortality, where inflammation plays
a key role in its progression. Tumor necrosis factor alpha-induced protein 3 (TNFAIP3) and NOD-like receptor protein 3 (NLRP3)
regulate inflammatory responses, but their prognostic value in CHF remains unclear. This study aims to investigate the association
between serum levels of TNFAIP3 and NLRP3 and the risk of major adverse cardiovascular events (MACEs) in patients with CHF.
Patients and Methods: A cohort study was conducted involving 318 patients with CHF and 122 controls. Serum levels of TNFAIP3
and NLRP3 were measured using enzyme-linked immunosorbent assay method. Propensity score matching (PSM) was used to control
for confounders. Multivariable logistic regression, restricted cubic spline, threshold effect, and receiver operating characteristic (ROC)
analyses were employed to evaluate the associations between biomarker levels and MACEs over a 6-month follow-up.

Results: After PSM, patients with CHF had significantly higher TNFAIP3 and NLRP3 levels than controls (both p < 0.001).
Compared to CHF patients without MACEs, those with MACEs exhibited significantly lower levels of TNFAIP3 and higher levels
of NLRP3. Multivariable analysis confirmed TNFAIP3 as an independent protective factor [odds ratio (OR)= 0.61, 95% confidence
interval (CI): 0.40-0.93) and NLRP3 as an independent risk factor (OR = 1.24, 95% CI: 1.17-1.31) for MACEs. ROC analysis
demonstrated NLRP3 (AUROC = 0.756) had better predictive ability than TNFAIP3 (AUROC = 0.611).

Conclusion: TNFAIP3 and NLRP3 are significantly associated with the risk of MACEs in patients with CHF and NLRP3
demonstrates stronger predictive performance than TNFAIP3.

Keywords: tumor necrosis factor alpha-induced protein 3, NOD-like receptor protein 3, major adverse cardiovascular events, chronic
heart failure, risk stratification

Introduction

Heart failure (HF) is a complex clinical syndrome characterized by the impairment of cardiac structure and/or function
resulting from a range of underlying diseases. This impairment leads to increased cardiac pressure both at rest and during
physical exertion, as well as insufficient cardiac output to meet the body’s metabolic demands.' The incidence,
prevalence, and mortality rates associated with HF remain pressing concerns in contemporary healthcare. According to
the 2021 report from the European Society of Cardiology (ESC), the global prevalence of HF is continuing to rise,
currently estimated to be between 1% and 3%.' Furthermore, the mortality rates linked to HF are notably high; studies
indicate that the one-year mortality rate for patients with HF ranges from 15% to 30%,> while the five-year mortality rate
can be as high as 50% to 70%.% The economic burden of HF poses significant challenges to healthcare systems
worldwide and underscores the need for urgent public health interventions.? Therefore, it is essential to identify novel
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prognostic biomarkers for risk stratification in patients with HF, enabling early intervention to improve patient outcomes
and alleviate the economic burden on public health.

This multifaceted condition involves changes in cardiac structure and function, dysregulation of the neuroendocrine
system, and various mechanisms related to metabolism, immunity, and inflammatory responses.3 Recent research
emphasizes the critical role that inflammatory processes play in the pathophysiology of HF.* Zinc finger protein A20,
also known as tumor necrosis factor alpha-induced protein 3 (TNFAIP3), is a highly biologically active protein encoded
by the TNFAIP3 gene.” TNFAIP3 exhibits both ubiquitination and de-ubiquitination enzymatic activities, playing
a crucial role in negatively regulating inflammatory responses and apoptosis mediated by various signaling pathways.°®
It has been implicated in the immune regulation and anti-apoptotic mechanisms of numerous diseases, including
inflammatory bowel diseases, autoimmune disorders, atherosclerotic diseases, and tumors.” '© Another central factor in
the inflammatory response, NLRP3 (nucleotide-binding oligomerization domain, leucine-rich repeat, and pyrin domain-
containing 3), senses danger signals and triggers localized and systemic inflammatory responses.'’ NLRP3 has been
identified as a participant in the onset and progression of conditions such as coronary heart disease, arrhythmias, and
HF.'>'* Studies have shown that during states of inflammatory immune activation, TNFAIP3 can inhibit the expression
of the NLRP3 inflammasome."”

Currently, research efforts are predominantly focused on the mechanisms of TNFAIP3 and NLRP3,'®'® whereas
clinical cohort studies investigating their association with the prognosis of HF remain limited. Therefore, we conducted
a cohort study to investigate the association between TNFAIP3, NLRP3, and the prognosis of patients with HF. This
research investigates the potential of these biomarkers for risk stratification in CHF, which may inform future strategies
for early intervention and lays the groundwork for further clinical studies.

Materials and Methods

Study Design and Population

Patients diagnosed with chronic heart failure (CHF) from May 2024 to December 2024 in Qingdao Municipal Hospital were
included in the study. The diagnostic criteria for CHF was based on the management guidelines published by the ESC in
2023."° This study enrolled patients with CHF who were in the decompensated state. All patients with CHF included in this
study were diagnosed with CHF attributable to ischemic cardiomyopathy. The control group was selected from individuals
undergoing routine health check-ups during the same period. These individuals had no current or historical diagnosis of HF,
and were further confirmed to be free from the exclusion criteria. Patients with the following conditions were excluded:
myocarditis, infectious diseases, cancer, rheumatic and immunological diseases, and stroke. The enzyme-linked immuno-
sorbent assay (ELISA) method was used to detect the levels of TNFAIP3 and NLRP3 in the serum of the included
population. Patients with CHF were followed up for six months to assess the occurrence of major adverse cardiovascular
events (MACEs), and the association between TNFAIP3, NLRP3, and MACEs was analyzed. The research process is shown
in Figure 1. This study was approved by the Medical Ethics Committee of Qingdao Municipal Hospital (approval number:
2024-KY-031) and strictly adhered to the Declaration of Helsinki. Written informed consent was obtained from all patients.

Sample Size and Statistical Power

An a priori sample size calculation was performed using G*Power software. Based on an odds ratio (OR) of 0.7 for
TNFAIP3’s protective effect, an event probability of 0.4 under the null hypothesis, an alpha of 0.05, and 80% power,
a minimum of 273 participants was required. Post hoc analysis demonstrated that the study achieved 99.2% statistical
power, well above the conventional 80% threshold, confirming excellent power to detect the observed association
between TNFAIP3 and MACEs. Following PSM, analysis showed a large effect size (Cohen’s d = 1.4) for TNFAIP3
and a statistical power exceeding 99%, indicating adequate power for post-PSM comparisons.

Data Collection
Data were obtained from laboratory tests conducted upon admission. Patient general information included age, gender
and body mass index (BMI), vital signs at admission such as temperature, heart rate, respiratory rate, systolic blood
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Patients diagnosed as heart failure were included for primary analysis (n=348)
Individuals without heart failure were not included as a control (n=122)

Exclusion Criteria:
[—— |myocarditis, infectious diseases, cancer,
rheumatic and immunological diseases, stroke

Patients were excluded:
1. Meeting exclusion criteria (n=12)
—->
2. Sample hemolysis (n=6)
3. Loss of follow-up (n=12)

\/

A total of 318 patients with heart failure were included in the study
Expression levels of TNFAIP3 and NLRP3 in serum were determined using the ELISA method

Expression differential Prognostic study
analysis
Propensity Score Matching Six months of follow-up
Heart Failure (n=75) MACEs (n=154)
Control (n=75) Non-MACEs (n=164)

Figure | The flowchart of this study.

pressure (SBP), and diastolic blood pressure (DBP). Comorbidities included hypertension and type 2 diabetes mellitus
(T2DM), and laboratory indicators included white blood cells (WBC), hemoglobin, albumin, C-reactive protein (CRP),
N-terminal pro-B-type natriuretic peptide (NT-proBNP), creatinine, uric acid, and D-Dimer. Echocardiographic indica-
tors included fractional shortening (FS) and left ventricular ejection fraction (LVEF). The clinical severity of CHF was
assessed according to the New York Heart Association (NYHA) functional classification.

Detection of TNFAIP3 and NLRP3 in Serum

Whole blood samples were allowed to stand at room temperature for 2 hours. Subsequently, they were centrifuged at
1000 g for 15 minutes and the supernatant was collected. ELISA was used to detect TNFAIP3 and NLRP3 in serum.
TNFAIP3 (JL48812, Jonlnbio, Shanghai, China) and NLRP3 (JL10272, Jonlnbio, Shanghai, China) kits were strictly
conducted according to the instructions provided.

Follow-Up Patients to Determine MACEs

The follow-up of patients was conducted independently by three doctors. Follow-up was conducted once a month, with
a maximum follow-up period of 6 months. We recorded whether patients experienced MACEs within a 6-month period.
The MACEs included cardiac death, stroke, revascularization, and rehospitalization due to HF recurrence.

Statistical Analysis

R software (version 4.3.3) and MedCalc (version 20.215) were employed for conducting the statistical analysis in this study.
The Shapiro—Wilk test was conducted to evaluate the normality of the data. The results indicated that the continuous
variables did not conform to a normal distribution; therefore, they were reported as medians with interquartile ranges (Q1,
Q3). For the analysis of continuous variables, the Mann—Whitney U-test was applied. Categorical data were presented as
frequencies and percentages [n (%)], with either the Chi-square test or Fisher’s exact test used for comparisons. To address
the disparity in group size and control for potential confounding factors between the CHF group and the non-CHF group,
propensity score matching (PSM) was employed prior to comparing the levels of TNFAIP3 and NLRP3. Logistic regression
models were established to explore the association between TNFAIP3, NLRP3, and MACEs. Both TNFAIP3 and NLRP3
were incorporated into the models as continuous variables and as categorical variables with three classifications. Model 1 was
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unadjusted, Model 2 was adjusted for age, gender, and BMI, while Model 3 was adjusted for age, BMI, temperature, DBP,
hemoglobin, albumin, CRP, NT-proBNP, D-Dimer, FS, and LVEF. To further investigate the association between TNFAIP3,
NLRP3, and MACEs, we established three restricted cubic spline (RCS) models, adjusting for the same variables as in the
logistic regression models. Threshold effect analysis was utilized to examine whether there is a threshold effect between
TNFAIP3 and NLRP3. Receiver operating characteristic (ROC) analysis was employed to assess the predictive ability of
TNFAIP3, NT-proBNP and NLRP3 for MACEs.

Results

Baseline Characteristics of the Participant Population

A total of 440 patients were included in this study, comprising 318 patients with CHF and 122 patients without CHF. The
distribution of NYHA functional classes among patients with CHF was as follows: 32 patients (10.1%) were in class I, 84
patients (26.4%) in class II, 139 patients (43.7%) in class III, and 63 patients (19.8%) in class I'V. In the study population,
the median age was 73 years, with females accounting for 45.68% and males for 54.32%.The CHF group and the non-
CHF group showed statistically significant differences in age, heart rate, respiratory rate, hemoglobin, albumin, CRP, NT-
proBNP, creatinine, uric acid, D-Dimer, FS, LVEF, TNFAIP3, and NLRP3. There were no statistically significant

differences in the other indicators (Table 1).

Table | Baseline Characteristics of Control and Heart Failure Groups

Variable All Patients Non-Heart Failure Heart Failure P-value
(n = 440) (n=122) (n=318)
Age, (year) 73.00 (64.00, 81.00) 65.50 (58.00, 71.00) 77.00 (69.00, 83.00) <0.001
Gender 0.362
Female, n (%) 201 (45.68) 60 (49.18) 141 (44.34)
Male, n (%) 239 (54.32) 62 (50.82) 177 (55.66)
BMI, (kg/m?) 24.66 (21.97, 27.77) 25.12 (22.28, 26.80) 24.36 (21.62, 28.00) 0.597
Temperature, °C 36.40 (36.30, 36.50) 36.40 (36.30, 36.50) 36.40 (36.30, 36.50) 0.889
Heart rate, bpm 70.00 (64.00, 81.00) 69.50 (64.25, 76.00) 71.50 (64.00, 84.00) 0.040
Respiratory rate, bpm 17.00 (16.00, 18.00) 17.00 (16.00, 18.00) 17.00 (16.00, 18.00) 0.008
SBP, mmHg 133.00 (119.00, 147.25) 132.50 (121.00, 145.75) 133.00 (117.25, 149.75) 0.787
DBP, mmHg 76.00 (67.00, 85.00) 77.00 (68.00, 85.00) 76.00 (67.00, 85.00) 0.608
Hypertension, n (%) 313 (71.14) 80 (65.57) 233 (73.27) 0.111
T2DM, n (%) 153 (34.77) 36 (29.51) 117 (36.79) 0.151
WBC, 1079/L 5.96 (5.00, 6.81) 5.81 (4.86, 6.58) 5.96 (5.05, 6.91) 0.195
Hemoglobin, g/L 128.00 (114.00, 140.00) 132.50 (124.25, 144.00) 125.50 (108.00, 139.00) <0.001
Albumin, g/L 37.83 (35.58, 40.06) 39.66 (37.57, 41.99) 37.37 (34.85, 39.04) <0.001
CRP, mg/L 1.35 (0.50, 2.49) 0.69 (0.50, 1.95) 1.35 (0.50, 2.66) <0.001
NT-proBNP, pg/mL 235.00 (44.80, 937.40) 22.50 (15.00, 35.90) 517.00 (181.32, 1236.00) <0.001
Creatinine, pmol/L 73.90 (61.88, 81.07) 65.56 (54.75, 73.90) 73.90 (66.28, 85.72) <0.001
Uric acid, umol/L 367.68 (323.75, 407.53) 328.88 (274.85, 373.93) 367.68 (367.68, 425.25) <0.001
D-Dimer, mg/L 0.45 (0.28, 0.62) 0.27 (0.19, 0.42) 0.45 (0.37, 0.71) <0.001
FS, % 28.00 (20.00, 30.00) 31.00 (30.00, 31.75) 23.50 (17.00, 29.00) <0.001
LVEF, % 55.00 (38.00, 60.00) 60.00 (60.00, 61.75) 45.00 (34.00, 57.00) <0.001
TNFAIP3, ng/mL 0.57 (0.37, 0.85) 0.29 (0.22, 0.34) 0.68 (0.52, 0.94) <0.001
NLRP3, ng/mL 6.88 (4.13, 12.74) 2.76 (1.87, 3.65) 10.46 (6.78, 14.22) <0.001

Abbreviations: BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; T2DM, Type 2 Diabetes Mellitus; WBC, White
Blood Cells; CRP, C-Reactive Protein; BNP, B-type Natriuretic Peptide; FS, Fractional Shortening; LVEF, Left Ventricular Ejection Fraction; TNFAIP3,
Tumor Necrosis Factor Alpha Induced Protein 3; NLRP3, NOD-like receptor protein 3.
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The Expression of TNFAIP3 and NLRP3 in the CHF Group

In order to compare the expression of TNFAIP3 and NLRP3 in the serum of CHF and non-CHF groups while controlling for
confounding factors, we employed the PSM method. After 1:1 matching, 75 patients were matched in each group. After
matching, with the exception of TNFAIP3 and NLRP3, there were no significant differences in any of the variables between
the two groups, with all p-values > 0.05. TNFAIP3 levels in the CHF group were significantly higher at 0.70 ng/mL [95%
confidence interval (CI): 0.52 ng/mL, 1.02 ng/mL] compared to the non-CHF group, which had a level of 0.29 ng/mL (95%
CI: 0.23 ng/mL, 0.34 ng/mL). NLRP3 levels in the CHF group were significantly higher at 8.62 ng/mL (95% CI: 6.65 ng/mL,
13.26 ng/mL) compared to the non-CHF group, which had a level of 2.76 ng/mL (95% CI: 1.91 ng/mL, 3.38 ng/mL) (Table 2).

Characteristics of Patients with CHF Experiencing MACEs

Among 318 patients with CHF, a total of 154 patients ultimately experienced MACEs. The specific composition of the
first occurring MACEs was as follows: rehospitalization due to HF recurrence was the most common event (n=67,
43.5%), followed by stroke (n=41, 26.6%), revascularization (including PCI n=27, 17.5%, and CABG, n=8, 5.2%), and
cardiac death (n=11, 7.1%). Compared to those without MACEs, patients who experienced MACEs exhibited higher
levels of age, CRP, NT-proBNP, D-Dimer, and NLRP3. Patients who experienced MACEs had lower values of BMI,
temperature, DBP, hemoglobin, FS, LVEF, and TNFAIP3 (Table 3).

Results of the Logistic Regression Analysis

The association of TNFAIP3 and NLRP3 with MACEs was investigated using logistic regression models. The
results indicated that TNFAIP3 was an independent protective factor for MACEs. In the crude model, the OR of
TNFAIP3 was 0.61 (95% CI: 0.40-0.93, p=0.022). When TNFAIP3 was treated as a three-category variable, the

Table 2 Comparison of TNFAIP3 and NLRP3 Expression in Heart Failure Patients After Propensity Score

Matching
Variable Total Non-Heart Failure Heart Failure P-value
(n =150) (n=175) (n=175)
Age, (year) 69.00 (61.00, 76.00) 67.00 (61.50, 73.00) 72.00 (61.00, 78.00) 0.061
Gender 0.870
Female, n (%) 77 (51.33) 39 (52.00) 38 (50.67)
Male, n (%) 73 (48.67) 36 (48.00) 37 (49.33)
BMI, (kg/m?) 25.09 (22.36, 27.34) 24.80 (22.23, 26.45) 25.47 (22.57, 28.66) 0.072
Temperature, °C 36.40 (36.30, 36.50) 36.40 (36.30, 36.50) 36.30 (36.30, 36.50) 0.821
Heart rate, bpm 70.00 (63.00, 78.00) 70.00 (65.00, 76.50) 68.00 (60.00, 79.00) 0.464
Respiratory rate, bpm 17.00 (16.00, 18.00) 17.00 (16.00, 18.00) 17.00 (16.00, 18.00) 0.521
SBP, mmHg 136.00 (122.00, 147.00) | 133.00 (121.50, 146.50) | 137.00 (123.00, 148.00) 0.687
DBP, mmHg 78.00 (69.00, 85.00) 77.00 (69.00, 83.50) 78.00 (68.50, 86.00) 0.801
Hypertension, n (%) 110 (73.33) 53 (70.67) 57 (76.00) 0.460
T2DM, n (%) 44 (29.33) 20 (26.67) 24 (32.00) 0.473
WBC, 1079/L 5.87 (4.84, 6.59) 5.82 (5.00, 6.53) 5.89 (4.80, 6.63) 0.879
Hemoglobin, g/L 131.00 (124.00, 142.75) | 131.00 (124.00, 140.50) | 131.00 (123.00, 145.00) 0.785
Albumin, g/L 38.44 (37.27, 41.54) 38.60 (37.12, 41.22) 38.38 (37.48, 41.67) 0.987
CRP, mg/L 0.78 (0.50, 1.93) 0.77 (0.50, 2.17) 0.79 (0.50, 1.35) 0.453
Creatinine, umol/L 68.94 (57.32, 75.51) 66.51 (55.44, 74.12) 71.68 (58.46, 76.90) 0.340
Uric acid, umol/L 366.10 (283.46, 373.72) | 348.17 (280.54, 378.39) | 367.68 (303.49, 367.68) 0913
D-Dimer, mg/L 0.31 (0.22, 0.45) 0.30 (0.20, 0.47) 0.36 (0.22, 0.45) 0.379
TNFAIP3, ng/mL 0.43 (0.29, 0.69) 0.29 (0.23, 0.34) 0.70 (0.52, 1.02) <0.001
NLRP3, ng/mL 4.47 (2.76, 8.59) 2.76 (191, 3.38) 8.62 (6.65, 13.26) <0.001

Abbreviations: BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; T2DM, Type 2 Diabetes Mellitus; WBC,
White Blood Cells; CRP, C-Reactive Protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; FS, Fractional Shortening; LVEF, Left
Ventricular Ejection Fraction; TNFAIP3, Tumor Necrosis Factor Alpha Induced Protein 3; NLRP3, NOD-like receptor protein 3.

Journal of Inflammation Research 2025:18 https:

17513



Mo et al

Table 3 Characteristics Between Heart Failure Patients with MACEs and Those Without MACEs

Variable Heart Failure Patients Non-MACEs MACEs P-value
(n=318) (n=164) (n=154)
Age, (year) 77.00 (69.00, 83.00) 72.00 (62.75, 80.00) 80.00 (75.00, 85.00) <0.001
Gender 0.129
Female, n (%) 141 (44.34) 66 (40.24) 75 (48.70)
Male, n (%) 177 (55.66) 98 (59.76) 79 (51.30)
BMI, (kg/m?) 24.36 (21.62, 28.00) 25.54 (22.49, 28.69) 23.66 (20.71, 27.63) <0.001
Temperature, °C 36.40 (36.30, 36.50) 36.40 (36.30, 36.50) 36.30 (36.20, 36.50) 0.022
Heart rate, bpm 71.50 (64.00, 84.00) 73.00 (64.75, 88.00) 70.00 (64.00, 80.00) 0.176
Respiratory rate, bpm 17.00 (16.00, 18.00) 17.00 (16.00, 18.00) 17.00 (16.00, 18.00) 0.464
SBP, mmHg 133.00 (117.25, 149.75) 135.50 (116.00, 150.25) 132.00 (119.25, 146.75) 0410
DBP, mmHg 76.00 (67.00, 85.00) 79.00 (70.00, 87.00) 73.00 (64.00, 80.00) <0.001
Hypertension, n (%) 233 (73.27) 119 (72.56) 114 (74.03) 0.768
T2DM, n (%) 117 (36.79) 58 (35.37) 59 (38.31) 0.586
WBC, 1079/L 5.96 (5.05, 6.91) 6.06 (5.29, 6.92) 5.78 (4.88, 6.81) 0.088
Hemoglobin, g/L 125.50 (108.00, 139.00) 131.00 (120.00, 144.00) 116.00 (99.25, 129.75) <0.001
Albumin, g/L 37.37 (34.85, 39.04) 37.83 (35.71, 40.29) 36.53 (33.04, 37.83) <0.001
CRP, mg/L 1.35 (0.50, 2.66) 1.24 (0.50, 2.27) 1.35 (0.97, 3.33) 0.005
NT-proBNP, pg/mL 517.00 (181.32, 1236.00) | 266.00 (143.30, 916.10) | 857.00 (375.40, 2200.00) <0.001
Creatinine, pmol/L 73.90 (66.28, 85.72) 73.90 (66.04, 84.38) 73.90 (66.84, 86.02) 0.741
Uric acid, umol/L 367.68 (367.68, 425.25) 367.68 (367.68, 436.35) | 367.68 (364.37, 404.34) 0.087
D-Dimer, mg/L 0.45 (0.37, 0.71) 0.45 (0.33, 0.62) 0.45 (0.45, 0.82) <0.001
FS, % 23.50 (17.00, 29.00) 25.00 (18.00, 30.00) 22.00 (17.00, 28.00) 0.043
LVEF, % 45.00 (34.00, 57.00) 48.00 (35.00, 58.00) 41.00 (32.75, 55.00) 0.038
TNFAIP3, ng/mL 0.68 (0.52, 0.94) 0.75 (0.57, 1.12) 0.64 (0.49, 0.87) <0.001
NLRP3, ng/mL 10.46 (6.78, 14.22) 7.12 (5.63, 11.74) 13.18 (10.48, 15.43) <0.001

Abbreviations: BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; T2DM, Type 2 Diabetes Mellitus; WBC,
White Blood Cells; CRP, C-Reactive Protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; FS, Fractional Shortening; LVEF, Left
Ventricular Ejection Fraction; TNFAIP3, Tumor Necrosis Factor Alpha Induced Protein 3; NLRP3, NOD-like receptor protein 3.

OR for T3 was 0.38 (95% CI: 0.22-0.66, p<0.001). After adjusting for covariates, TNFAIP3 remained an
independent protective factor. In the crude model, the OR for NLRP3 was 1.24 (95% CI: 1.17-1.31, p<0.001).
When NLRP3 was treated as a three-category variable, the OR for T3 was 8.20 (95% CI: 4.40-15.26, p<0.001). In
Model 2 and Model 3, NLRP3 remained an independent risk factor (Figure 2).

Nonlinear Associations of TNFAIP3 and NLRP3 with MACEs

RCS regression with multivariable-adjusted associations was utilized to demonstrate the dose-response associations

between TNFAIP3, NLRP3, and the prevalence of MACEs. The results indicated a negative nonlinear correlation

Model 1 Model 2 Model 3
Categories OR (95% CI) P OR (95% CI) P OR (95% CI) P
TNFAIP3 (ng/mL) .
Continuous 0.61(0.40-0.93) "": 0.022 0.62(0.40-0.97) "": <0.001 0.60(0.37-0.96) "": 0.034
Tertiles H H
I 1 (Reference) I (Reference) ' 1 (Reference) '
T2 0.61(0.35-1.05) "'-':' 0.074 0.52(0.28-0.94) "'—0: 0.031 0.43(0.22-0.86) "—‘E 0.017
T3 0.38(0.22-0.66) - | <0.001 0.36(0.20-0.66) - 0.001 0.28(0.14-0.58) - <0.001
NLRP3 (ng/mL) i : ;
Continuous 1.24(1.17-1.31) E' <0.001 1.25(1.17-1.33) El <0.001 1.27(1.18-1.36) :- <0.001
Tertiles H 1
T1 1 (Reference) ! 1 (Reference) E 1 (Reference) E
T2 1.12(0.63-1.99) —_— 0.698 1.20(0.64-2.23) —— 0.567 1.14(0.57-2.29) —_— 0.716
T3 8.20(4.40-15.26) : —><0.001 9.74(4.85-19.55) : —><0.001 10.63(4.80-23.51) : —> <0.001

0 1 6 0 1 6 0 1 6

—
Low risk

High Risk

-—
Low risk

High Risk

—
Low risk

High Risk

Figure 2 Logistic regression models predicting the occurrence of MACEs in patients with heart failure. Model I: unadjusted. Model 2: adjusted for age, gender, and Body
Mass Index. Model 3: adjusted for age, Body Mass Index, Temperature, Diastolic Blood Pressure, Hemoglobin, Albumin, C-Reactive Protein, N-terminal pro-B-type
natriuretic peptide, D-Dimer, Fractional Shortening and Left Ventricular Ejection Fraction.
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Figure 3 Restricted cubic spline models. RCS regression with multivariable-adjusted associations was utilized to demonstrate the dose-response associations between
TNFAIP3 (A—C) NLRP3 (D-F) and the prevalence of MACEs.

between TNFAIP3 and MACEs (p for nonlinear = 0.009). This association persisted after adjusting for covariates.
Conversely, a positive nonlinear correlation was observed between NLRP3 and MACEs (p for nonlinear < 0.001), which
also remained evident after adjusting for covariates (Figures 3).

Threshold Effect Analysis

The TNFAIP3 exhibited a threshold effect in relation to the incidence of MACEs (p for likelihood test = 0.003). Overall,
there is a negative association between TNFAIP3 and MACEs (OR: 0.61, 95% CI 0.40-0.93, p = 0.022). Specifically, no
association was found between TNFAIP3 and MACEs when TNFAIP3 values were above 1.76. In contrast, when
TNFAIP3 below 1.76, a negative association emerged between TNFAIP3 and MACEs (OR: 0.23, 95% CI 0.10-0.52, p <
0.001) (Table 4). The NLRP3 exhibited a threshold effect in relation to the incidence of MACEs (p for likelihood test <
0.001). Overall, there was a positive association between NLRP3 and MACEs (OR: 1.24, 95% CI 1.17-1.31, p < 0.001).
Specifically, no association was found between NLRP3 and MACEs when NLRP3 values were below 6.61. In contrast,
when NLRP3 was above 6.61, a positive association emerged between NLRP3 and MACEs (OR: 1.13, 95% CI
1.06-1.20, p < 0.001) (Table 5).

Table 4 Threshold Effect Analysis of TNFAIP3 on MACEs Using a Two-Piecewise
Logistic Regression

TNFAIP3 OR (95% CI) P
Model | Fitting model by standard linear regression 0.61 (0.40-0.93) 0.022
Model 2 Fitting model by two-piecewise logistic regression
Inflection point 1.76
<1.76 0.23 (0.10-0.52) <0.001
21.76 2.96 (0.69-12.72) 0.145
P for likelihood test 0.003

Abbreviations: MACEs, Major adverse cardiovascular events; TNFAIP3, Tumor necrosis factor alpha induced
protein 3; OR, Odds ratio; Cl, Confidence interval.
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Table 5 Threshold Effect Analysis of NLRP3 on MACEs Using a Two-Piecewise Logistic

Regression
NLRP3 OR (95% CI) P
Model | Fitting model by standard linear regression 1.24 (1.17-1.31) <0.001
Model 2 Fitting model by two-piecewise logistic regression
Inflection point 6.61
<6.61 1.05 (0.92-1.20) 0.451
26.61 1.13 (1.06-1.20) <0.001
P for likelihood test <0.001

Abbreviations: MACEs, Major adverse cardiovascular events; NLRP3, NOD-like receptor protein 3; OR, Odds

ratio; Cl, Confidence interval.

Comparison of the Predictive Abilities of TNFAIP3, NT-proBNP and NLRP3 for

MACEs
The ROC curve was used to compare the predictive abilities of TNFAIP3, NT-proBNP and NLRP3 for MACEs
(Figure 4). The results showed that NLRP3 outperformed TNFAIP3 [Area under the ROC (AUROC): 0.756 vs 0.611,
Delong’s test]. Although the AUROC of NLRP3 was slightly higher than that of NT-proBNP, there was no statistically
significant difference. This indicated that NLRP3 has predictive efficacy comparable to NT-proBNP (Table 6).

Sensitivity
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60 — /’,
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40 60
1 - Specificity
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Figure 4 Receiver operating characteristic analysis comparing the predictive ability of TNFAIP3, NT-proBNP and NLRP3 for MACEs.
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Table 6 The Predictive Ability of TNFAIP3, NLRP3, and NT-proBNP for the Risk

of MACEs
Comparison of Two Variables AUCs Difference in | DeLong’s Test
AUROC
TNFAIP3 vs NT-proBNP 0.611 vs 0.688 0.077 P =0.079
NLRP3 vs NT-proBNP 0.756 vs 0.688 0.068 P =0.092
NLRP3 vs TNFAIP3 0.756 vs 0.61 | 0.145 P <0.001

Abbreviations: TNFAIP3, Tumor Necrosis Factor Alpha Induced Protein 3; NLRP3, NOD-like receptor
protein 3; NT-proBNP, N-terminal pro-B-type natriuretic peptide; MACEs, Major adverse cardiovascular
events; AUC, Area Under the Curve; AUROC, Area Under the Receiver Operating Characteristic Curve.

Discussion

In this cohort study, we investigated the association between serum TNFAIP3, NLRP3 levels, and the prognosis of patients
with CHF. Our key findings were as follows: First, compared with the non-CHF group, the serum levels of both TNFAIP3
and NLRP3 in the CHF group were significantly higher. Second, among patients with CHF, those who experienced MACEs
had lower TNFAIP3 levels and higher NLRP3 levels compared to those without MACEs. Logistic regression analysis
further revealed that TNFAIP3 was an independent protective factor for MACE:s in patients with CHF, while NLRP3 was an
independent risk factor, and these associations remained significant after adjusting for multiple covariates. Finally, ROC
analysis indicated that NLRP3 had a better predictive ability for MACEs than TNFAIP3, with an AUROC of 0.756 versus
0.611. These findings collectively suggested that TNFAIP3 and NLRP3 may play important roles in the progression and
prognosis of CHF, with potential value in risk stratification and prognostic assessment of patients with CHF.

This study observed a significant age difference between the CHF and non-CHF groups, which aligns with the
epidemiological characteristic that CHF is more prevalent in the elderly population.” Age-related physiological changes
may potentially influence the serum levels of these two biomarkers. However, multiple strategies were employed to
minimize this confounding effect. Firstly, PSM effectively balanced age and other baseline variables between the two
groups, with no significant age difference observed in the matched cohort (p = 0.061). Secondly, age was included as
a key covariate in the multivariable regression models to adjust for its potential influence on the prognostic value of the
biomarkers. Collectively, these measures confirm that the significant differences in TNFAIP3 and NLRP3 levels between
the CHF and non-CHF groups, as well as their prognostic significance for MACEs, are not primarily confounded by age.

The levels of TNFAIP3 and NLRP3 were significantly elevated in patients with CHF than those without CHF, indicating
that both proteins play a role in the pathophysiological processes associated with CHF. During the progression of CHF,
myocardial injury triggers a stress response that activates the body’s inflammatory pathways.?’*' As a critical “sensor” in
these inflammatory responses, the increased level of NLRP3 suggests heightened inflammasome activation, which further
amplifies the inflammatory cascade and promotes the release of pro-inflammatory cytokines such as IL-1p and IL-18.**%*
This, in turn, exacerbates myocardial cell injury and ventricular remodeling.”*** Simultaneously, the concurrent elevation
of TNFAIP3 may indicate a compensatory protective mechanism against excessive inflammation.”*** Through its dual
enzymatic activities of ubiquitination and de-ubiquitination, TNFAIP3 negatively regulates inflammatory signaling path-
ways, aiming to halt the uncontrolled spread of inflammation.®?” The dynamic variations of both proteins collectively
illuminate the imbalance in inflammatory homeostasis found in patients with CHF.

From a mechanistic viewpoint, our findings can be interpreted through the interplay between these two biomarkers in the
inflammatory cascade of CHF. TNFAIP3, as a key negative regulator of inflammation, is known to inhibit the activation of the
NF-«B signaling pathway, thereby mitigating the release of pro-inflammatory factors and alleviating myocardial inflammatory
damage.”®>° A study further demonstrated that the A20-NF-kB pathway plays a critical role in cardio-protection against
inflammatory injury.®' Additionally, TNFAIP3 may suppress cardiomyocyte apoptosis, thereby preserving the structural and
functional integrity of the myocardium.*** A related protein, TNIP3 (TNFAIP3 interacting protein 3), has been shown to protect
against pathological cardiac hypertrophy by stabilizing STAT1,** suggesting the broader importance of this protein family in
cardiac homeostasis. Conversely, sustained high expression of NLRP3 facilitates the assembly of the inflammasome, leading to
the excessive generation of potent pro-inflammatory cytokines such as IL-1p and IL-18, which accelerates myocardial fibrosis

Journal of Inflammation Research 2025:18 hetps: 17517



Mo et al

and compromises cardiac function.*>*® NLRP3 inflammasome activation has been identified as a key mechanism in the
pathogenesis of various cardiac conditions, including pressure overload-induced cardiac hypertrophy'® and dilated
cardiomyopathy.>” The association between higher risk, lower TNFAIP3, and higher NLRP3 suggests an imbalance in this
inflammatory checkpoint system in CHF. Future studies combining myocardial tissue analysis with molecular biological
experiments are warranted to further elucidate the precise interaction between TNFAIP3 and NLRP3 in the pathophysiology
of CHF.

Moreover, RCS analysis demonstrated a non-linear association of both TNFAIP3 and NLRP3 with MACEs. Threshold
effect analysis identified critical values of 1.76 ng/mL and 6.61 ng/mL, respectively, providing quantitative benchmarks for
risk stratification. Clinically, TNFAIP3 levels below 1.76 ng/mL or NLRP3 levels exceeding 6.61 ng/mL are associated
with higher risk and should prompt an intensified monitoring protocol, including closer follow-up intervals and enhanced
surveillance of vital signs such as blood pressure and heart rate. Therapeutically, this high-risk association justifies an
escalated treatment strategy, which involves optimizing guideline-directed medical therapy by up-titrating anti-heart failure
medications and, for medication-intolerant patients, evaluating the indication for device-based interventions.

ROC curve analysis demonstrated that NLRP3’s predictive performance for MACEs (AUROC=0.756) was signifi-
cantly superior to that of TNFAIP3 (AUROC=0.611). This indicated that NLRP3 may serve as a more optimal biomarker
for prognostic evaluation in patients with CHF. This may be related to the central role of NLRP3 in the initiation and
amplification of inflammatory processes, with its level changes more sensitively reflecting the activity of the inflamma-
tory response and the progression trend of the disease in patients with CHF. In contrast, TNFAIP3, as a compensatory
protective factor, may be regulated by various factors, leading to relatively lower predictive specificity. Furthermore,
several inflammatory cytokines, such as IL-6>*2° and IL-1pB,***' have been well-established as biomarkers associated
with the prognosis of CHF. Our study addresses a knowledge gap by focusing on the upstream regulatory proteins within
these inflammatory pathways. Future research should directly compare the prognostic value of these upstream regulators
with that of the downstream cytokines.

This study had a follow-up period of 6 months, which validated the association between TNFAIP3/NLRP3 and short-
term MACESs but did not establish their predictive value for the long-term prognosis (eg, 1-year or 5-year mortality or
long-term MACESs) of patients with CHF. However, from a pathophysiological perspective, short-term serum TNFAIP3/
NLRP3 levels may still provide important clues to long-term outcomes. Firstly, the core of CHF progression is
a persistent inflammatory imbalance.?' Inadequate anti-inflammatory regulation mediated by TNFAIP3 and chronic
overactivation of the NLRP3 inflammasome can continuously drive myocardial fibrosis, ventricular remodeling, and the
deterioration of cardiac function.*>**> Therefore, the disruption of inflammatory homeostasis, as indicated by abnormal
short-term biomarker levels, could represent an “early signal” of long-term disease progression. Secondly, the synergistic
associations between TNFAIP3/NLRP3 and traditional prognostic indicators like NT-proBNP observed in our study are
noteworthy. Given that NT-proBNP itself is a well-established predictor of long-term outcomes in CHF,* it suggests that
short-term TNFAIP3/NLRP3 levels might indirectly reflect underlying long-term risk.

Strengths and Limitations
The strengths of this study are as follows: First, the research design is rigorous. The diagnostic criteria were strictly
determined based on the CHF management guidelines published by the ESC in 2023, with a concurrent non-CHF control
group established. Second, the PSM method was employed to effectively control for confounding factors. After 1:1
matching, there were no statistical differences in variables between the CHF group and the non-CHF group except for
TNFAIP3 and NLRP3, which ensures the reliability of the comparison results between the two groups. Third, the statistical
analyses were diverse and in-depth, utilizing a comprehensive range of methods including multi-model logistic regression,
RCS models, threshold effect analysis, and ROC curves. This allowed for a thorough analysis of the association between
TNFAIP3, NLRP3, and the prognosis of patients with CHF, while also clarifying the threshold ranges and predictive
efficacy differences between the two biomarkers, providing precise references for clinical risk stratification.

This study also has certain limitations. Firstly, it is designed as a single-center cohort study, and the sample size is
limited. This may introduce selection bias, and caution is needed when extrapolating the results to CHF populations in other
regions and different medical centers. The sample size lacked the statistical power to conduct a robust subgroup analysis.
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Secondly, the follow-up period was only six months, which does not allow for the assessment of the long-term prognostic
impact of TNFAIP3 and NLRP3 on patients with CHF (such as 1-year and 5-year survival rates). Thirdly, the retrospective
data collection from medical records may introduce potential biases despite our focus on objective measures. Finally,
MACESs were defined as a composite endpoint encompassing cardiac death, stroke, revascularization, and rehospitalization
due to heart failure. We acknowledge that these events are not equivalent in clinical severity, particularly since cardiac
death, as the hardest endpoint, may have different predictive factors compared to other events. In the present study, the
limited number of cardiac death cases (n=11) precluded a separate analysis with sufficient statistical power.
Rehospitalization for heart failure, constituting the most frequent component of the composite endpoint (43.5%), is itself
a significant marker of disease progression, diminished quality of life, and increased healthcare burden. Consequently,
despite the inherent heterogeneity, the use of a composite endpoint remains clinically valuable for identifying high-risk
patient populations and providing signals for early intervention. Future studies with larger sample sizes are warranted to
validate the predictive capacity of TNFAIP3 and NLRP3 specifically for the endpoint of cardiac death.

Future studies could advance in the following directions: first, conducting multicenter, large-sample size prospective
cohort studies to broaden the sample source and extend the follow-up period, thereby verifying the generalizability and
long-term effectiveness of the conclusions drawn from this study; second, combining tissue pathological testing with
molecular biological experiments to clarify the expression characteristics and regulatory mechanisms of TNFAIP3 and
NLRP3 in the myocardial tissues of patients with CHF, revealing their interactions; and third, exploring intervention
strategies based on the targets of TNFAIP3 and NLRP3, such as pharmacologically regulating the activity of the NLRP3
or enhancing the expression levels of TNFAIP3, and observing their effects on cardiac function and prognosis in patients
with CHF, thus providing new ideas and methods for the precision treatment of CHF.

Conclusion

This study demonstrated that serum levels of TNFAIP3 and NLRP3 were closely associated with both the progression
and prognosis of CHF. Specifically, TNFAIP3 may serve as an independent protective factor against MACEs, whereas
NLRP3 may act as an independent risk factor, exhibiting superior predictive capability for such events compared to
TNFAIP3. The established thresholds for both biomarkers offer a quantifiable basis for clinical risk stratification in
patients with CHF, which may enhance prognostic assessment and facilitate timely interventions.
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