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Purpose: Despite primary percutaneous coronary intervention (PPCI), over 10% of ST-segment elevation myocardial infarction
(STEMI) patients develop the no-reflow phenomenon, characterized by microvascular inflammation. Novel forms of cell death, such
as pyroptosis (IL-13/GSDMD/Caspase-1) and ferroptosis (ACSL4/GPX4/PTGS2), may contribute to this inflammation by promoting
cytokine release and leukocyte recruitment. However, the biomarker potential of these pathways in predicting no-reflow remains
unclear. This study aimed to evaluate whether serum levels of these proteins could predict no-reflow and improve risk stratification.
Patients and Methods: We enrolled 423 STEMI patients undergoing PPCI at two centers. No-reflow was defined as TIMI flow <3
following PPCI, excluding mechanical obstruction. Serum levels of pyroptosis- (IL-13, GSDMD, Caspase-1) and ferroptosis-related
proteins (ACSL4, GPX4, PTGS2) were measured using ELISA. Multivariable logistic regression identified independent predictors.
The baseline model included age, sex, cardiovascular risk factors, and other baseline differences. Biomarker performance was assessed
using ROC analysis, net reclassification improvement (NRI), and integrated discrimination improvement (IDI).

Results: Of 423 patients, 81 (19.1%) developed no-reflow. The no-reflow group had significantly higher IL-1p [7.41 (5.55-10.80) vs
491 (3.70-6.71) pg/mL, P<0.001] and GSDMD levels [2.34 (1.75-3.48) vs 2.05 (1.64-2.71) ng/mL, P=0.017]. IL-1p was an
independent predictor of no-reflow in both continuous [per SD increase: adjusted OR=2.260, 95% CI 1.723-2.966, P<0.001] and
categorical analyses [highest vs lowest tertile: OR=6.484, 95% CI 2.864-14.679, P<0.001]. ROC analysis showed IL-1 alone had an
AUC of 0.745 (95% CI: 0.686—0.804) for no-reflow prediction. Adding IL-1p to the baseline model improved discrimination
(AAUC=0.091, P<0.001; NRI=0.627, P<0.001; IDI=0.109, P<0.001).

Conclusion: Elevated serum IL-1p independently predicts no-reflow in STEMI patients, and its integration into the baseline model
significantly enhances diagnostic performance, suggesting IL-1f as a potential therapeutic target.
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Introduction

Acute ST-segment elevation myocardial infarction (STEMI) remains a leading cause of global mortality and disability,'
necessitating rapid revascularization to salvage ischemic myocardium. Primary percutaneous coronary intervention (PPCI)
has become the gold standard for restoring epicardial blood flow in STEMI patients, effectively reducing infarct size and
improving survival rates.*> However, over 10% of STEMI patients develop no-reflow phenomenon (NRP) after successful
PPCI—a state of myocardial hypoperfusion despite patent epicardial arteries.® ' This phenomenon arises from microvascular
obstruction mediated by endothelial dysfunction, leukocyte-platelet aggregation, and vasoconstriction.'*'* Clinically, no-
reflow is strongly associated with adverse outcomes, including left ventricular remodeling, increased infarct size, and elevated
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risks of major adverse cardiovascular events (MACE) and mortality.'>'® Alarmingly, no preventive or therapeutic strategies

15,16,19

have consistently improved hard clinical endpoints, underscoring the urgent need to elucidate its molecular drivers.

Emerging evidence implicates dysregulated inflammation as a pivotal contributor to no-reflow pathophysiology.'****
Neutrophils, monocytes, and macrophages infiltrate ischemic myocardium during reperfusion, where their accumulation
within capillaries physically obstructs microcirculation.'***"?* Beyond mechanical occlusion, these cells release reactive
oxygen species (ROS)* and pro-inflammatory cytokines (eg, TNF-a, IL-1p),® which might exacerbate endothelial
damage, enhance leukocyte-endothelial adhesion, and amplify vasoconstriction. Recent studies further highlight the role
of inflammatory cell death modalities—pyroptosis and ferroptosis—in cytokine release and inflammation.?’ 2° Pyroptosis,
a caspase-1-dependent lytic cell death, triggers inflammasome activation and release of IL-1B/IL-18,%"-*® while ferroptosis,
driven by iron-dependent lipid peroxidation, disrupts cellular integrity and triggers pyroptosis via Acsl4-dependent
signaling, thereby promoting the release of the pro-inflammatory cytokine IL-1p.%° These released inflammatory cytokines
may recruit more white blood cells to the culprit vessels, thus intensifying the inflammation. These pieces of evidence
suggest that pyroptosis and ferroptosis in neutrophils and monocytes may contribute to the NRP.

Despite advances in understanding inflammation in no-reflow, the diagnostic value of pyroptosis- and ferroptosis-related
biomarkers —IL-1p (pro-inflammatory cytokine), GSDMD (executor of pyroptosis), Caspase-1 (activator of IL-13), ACSL4
(lipid metabolism regulator in ferroptosis), GPX4 (antioxidant defense enzyme), and PTGS2 (prostaglandin synthase)—
remains unexplored. This study aims to evaluate the association between serum levels of pyroptosis- (IL-18, GSDMD,
Caspase-1) and ferroptosis-related (ACSL4, GPX4, PTGS2) biomarkers and NRP in STEMI patients undergoing PPCI, and
further analyze whether these biomarkers can assist in predicting no-reflow.

Materials and Methods

Human Subjects and Sample Collection

This study enrolled a total of 423 STEMI patients, diagnosed according to the Fourth Universal Definition of
Myocardial Infarction (flow chart provided in Figure 1), including 223 patients from Central China Fuwai Hospital
and 200 patients from The Seventh People’s Hospital of Zhengzhou, all recruited between August 2023 and

2023.8-202?N2=‘51;'5MI Patients Flow Chart

Ischemic time >12 hours (N=16)

Declined interventional therapy or stent implantation (N=>5)
Underwent drug-coated balloon (N=13)

Coronary spasm (N=2)

STEMI patients underwent PCI
(N=437)

Severe hepatic or renal dysfunction (N=5)
Poor-quality coronary angiography (N=3)
History of malignancy (N=4)
Autoimmune diseases (N=2)

TIMI flow < 3 TIMI flow = 3
Reflow patients No-reflow patients
(N=342) (N=81)

Figure | Flow chart. Flow chart showing the selection of 342 reflow patients and 81 no-reflow patients from 473 STEMI patients. STEMI, ST-segment elevation myocardial
infarction; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction.
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February 2025. Exclusion criteria included: (1) age <18 years; (2) symptom onset-to-PCI time exceeding 12 hours; (3)
refusal to participate or undergo stent implantation; (4) severe hepatic or renal dysfunction; (5) recent severe infection,
trauma, or surgery (<3 months); (6) autoimmune diseases; (7) history of malignancy; (8) poor-quality coronary
angiography precluding analysis.

Blood samples were collected from the arterial access site before interventional procedures and separated into whole
blood, plasma, serum and white blood cells, and then stored at —80°C.

Definition of No-Reflow

No-reflow was defined as a post-PCI (measured at the end of the procedure) reduction in coronary flow, characterised by
a Thrombolysis in Myocardial Infarction (TIMI) flow <3 in the absence of dissection, thrombus, spasm, or high-grade
residual stenosis at the original target lesion.

ELISA Measurements

Serum concentrations of IL-1B, GSDMD, Caspase-1, ACSL4, GPX4, and PTGS2 were quantified using commercially
available ELISA kits according to the manufacturer’s protocols. The following kits from Wuhan Fine Biotech Co., Ltd.
(China) were employed: IL-1p (Cat# EH0185), GSDMD (EH8956), Caspase-1 (EH0595), ACSL4 (EH6088), GPX4
(EH8916), and PTGS2 (EH1014).

Statistical Analysis

Continuous variables are expressed as mean + standard deviation (SD) (normally distributed) or median (IQR) (non-
normal distribution), with group comparisons performed using independent #-tests or Mann—Whitney U-tests as appro-
priate. Categorical variables are presented as frequencies (percentages), analyzed by y? or Fisher’s exact tests.

Multivariable logistic regression models adjusted for age, sex, cardiovascular risk factors (hypertension, smoking,
diabetes, dyslipidemia), baseline differences (neutrophil percentage, CRP, and In_NTpro-BNP) were constructed to
identify independent predictors of no-reflow. Results are reported as adjusted odds ratios (ORs) with 95% confidence
intervals (CIs).

Receiver operating characteristic (ROC) curves were generated to assess biomarker performance, with optimal cutoff
values determined by Youden’s index. Area under the curve (AUC) comparisons employed DeLong’s test using the
pROC package in R (v4.2.0). Net reclassification improvement (NRI) and integrated discrimination improvement (IDI)
analyses quantified incremental predictive value (the PredictABEL package in R).

A two-tailed p<0.05 defined statistical significance. Analyses were performed using SPSS 22.0 and R 4.2.0.

Results

Baseline Characteristics of STEMI Patients in the Reflow and No-Reflow Groups
A total of 423 STEMI patients from the two centers were included, with 81 (19.1%) developing the NRP. Baseline
characteristics of the reflow and no-reflow groups are summarized in Table 1.

Table | Baseline Characteristics of Reflow Group and No-Reflow Group

Variable Overall (n=423) Reflow (n=342) No-Reflow (n=81) | P-value
Female, n (%) 101 (23.9) 85 (24.9) 16 (19.8) 0.410
Age, years 59.0+ 112 581112 62.7 £ 10.4 0.001
Hypertension, n (%) 192 (45.4) 160 (46.8) 32 (39.5) 0.290
Diabetes, n (%) 96 (22.7) 76 (22.2) 20 (24.7) 0.742
Cigarette smoking, n (%) 202 (47.8) 169 (49.4) 33 (40.7) 0.200
Dyslipidemia, n (%) 246 (58.2) 200 (58.5) 46 (56.8) 0.879
(Continued)
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Table | (Continued).

Variable Overall (n=423) Reflow (n=342) No-Reflow (n=81) | P-value
White blood count, 10*/ul 12.0 £ 3.7 120 + 3.7 12.1 £ 4.0 0.784
Neutrophil percentage, % 789 % 10.1 78.1 = 10.1 82.0+94 0.002
Platelet count, 10%/ul 234 + 69 233 + 69 239 + 69 0.488
Hemoglobin, g/l 144 + 18 144 £ 19 144 £ 15 0.994
TC, mmol/l 4.65 £ 1.21 464 £ 1.19 470 £ 1.28 0.691
TG, mmol/l 1.39 (1.02-2.00) 1.42 (1.03-2.00) 1.29 (0.99-2.02) 0.544
LDL-C, mmol/l 292 £ 0.95 291 £0.95 2.96 £ 0.94 0.669
HDL-C, mmol/l 1.30 £ 0.33 129 £ 0.32 1.35 £ 0.38 0.203
HbAlc, % 5.70 (5.40-6.10) 5.70 (5.40-6.18) 5.70 (5.30-6.00) 0.323
Creatinine, umol/l 82 (72-96) 82 (72-96) 82 (71-94) 0.883
BUN, mmol/l 5.51 (4.46-6.71) 5.53 (4.48-6.72) 5.35 (4.34-6.55) 0.726
C-reactive protein, mg/| 6.40 (2.36-10.61) 6.04 (2.09-10.38) 6.97 (3.60-12.23) 0.009
NTpro-BNP, pg/mL 261 (79-887) 225 (75-836) 470 (134-923) 0.029
Culprit, n (%) 0.873

LAD 224 (53.0) 181 (52.9) 43 (53.1)

RCA 158 (37.4) 129 (37.7) 29 (35.8)

LCX 41 (9.7) 32 (9.4) 9 (1.1)
Thrombectomy, n (%) 48 (11.3) 37 (10.8) I (13.6) 0.610
Post-dilation, n (%) 301 (71.2) 244 (71.3) 57 (70.4) 0.970
Stent number, n (%) 0.307

| 328 (77.5) 269 (78.7) 59 (72.8)

2 75 (17.7) 56 (16.4) 19 (23.5)

3 20 (4.7) 17 (5.0) 337
Stent diameter, mm 3.00 (2.50-3.50) 3.00 (2.50-3.50) 3.00 (3.00-3.50) 0.374
Stent length, mm 24.0 (20.0-30.0) 24.0 (20.0-30.0) 24.0 (20.0-30.0) 0.889
Tirofiban, n (%) 39 (9.2) 30 (8.8) 9 (I.1) 0.659
IL-1B, pg/mL 5.33 (3.96-7.27) 491 (3.70-6.71) 7.41 (5.55-10.80) <0.001
GSDMD, ng/mL 2.08 (1.66-2.77) 2.05 (1.64-2.71) 2.34 (1.75-3.48) 0.017
Caspase-|, pg/mL 13.97 (9.66-20.10) 13.76 (9.65-19.23) | 16.44 (10.44-22.08) 0.050
ACSL4, ng/mL 3.04 (2.33-391) 2.99 (2.30-3.91) 3.27 (2.47-3.90) 0.125
GPX4, ng/mL 0.94 (0.75-1.30) 0.96 (0.77-1.31) 0.87 (0.68-1.20) 0.032
PTGS2, ng/mL 24.46 (19.10-31.89) | 24.47 (19.05-31.58) | 23.99 (19.46—34.84) 0.537

Note: Values in bold indicate P < 0.05.

Patients in the no-reflow group were significantly older and exhibited higher levels of neutrophil percentage,
C-reactive protein (CRP), and N-terminal pro-B-type natriuretic peptide (NT-proBNP) compared to the reflow group.
However, no significant differences were observed in the prevalence of cardiovascular risk factors, including smoking,
hypertension, diabetes, or hyperlipidemia, between the two groups. Furthermore, white blood cell counts, total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), HbAlc, creatinine, and blood urea nitrogen
(BUN) did not differ significantly between the groups. Besides, there were also no significant differences between the
reflow and no-reflow groups in terms of culprit vessel, thrombectomy, post-dilation, stent use, or intra-procedural
medications (all P > 0.05).

Differential Expression of Biomarkers in the No-Reflow Group

As illustrated in Figure 2 and Table 1, IL-1B and GSDMD levels were significantly elevated in the no-reflow group (n = 81)
compared to the reflow group (n = 342) [7.41 (5.55-10.80) vs 4.91 (3.70-6.71) pg/mL, P < 0.001 for IL-1p; 2.34 (1.75-3.48)
vs 2.05 (1.64-2.71) ng/mL, P = 0.017 for GSDMD; Mann—Whitney U-test]. GPX4 levels were significantly reduced in the no-
reflow group [0.87 (0.68—1.20) vs 0.96 (0.77-1.31) ng/mL, P = 0.032]. In contrast, Caspase-1, ACSL4, and PTGS2 showed no
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Figure 2 Expression levels of serum pyroptosis- related (IL-13, GSDMD, Caspase-|) and ferroptosis-related (ACSL4, GPX4, PTGS2) proteins: (A), IL-1B (B), GSDMD (C),
Caspase-1, (D) ACSL4, (E) GPX4, and (F) PTGS2 in serum between reflow group (n=342), and no-reflow group (n=81). P-values are for Mann—Whitney U-test. Boxplots

represented the median, interquartile (box) and 1.5 interquartile range (whiskers).

significant intergroup differences [16.44 (10.44-22.08) vs 13.76 (9.65-19.23) pg/mL, P = 0.050; 3.27 (2.47-3.90) vs 2.99
(2.30-3.91) ng/mL, P = 0.125; 23.99 (19.46-34.84) vs 24.47 (19.05-31.58) ng/mL, P = 0.537; Mann—Whitney U-test].

IL-1B and GSDMD as Independent Predictors of No-Reflow

Multivariable logistic regression analyses, adjusted for age, gender, cardiovascular risk factors, and baseline differences,
were performed to evaluate the independent predictive value of these biomarkers. Tables 2 and 3 present the results of

biomarkers as continuous and categorical (tertiles) variables, respectively.

Table 2 Tables for the Associations Between IL-13, GSDMD, Caspase- |, ACSL4, GPX4, PTGS2 (Continuous) and No-Reflow

Variables | Continuous Unadjusted Model Adjusted Model | Adjusted Model 2

OR 95% CI P-value OR 95% ClI P-value OR 95% ClI P-value
IL-1B Per SD 2.359 (1.832-3.038) | <0.001 | 2.315 (1.778-3.015) | <0.001 | 2.260 (1.723-2.966) | <0.001
GSDMD Per SD 1.404 (1.125-1.752) | 0.003 1411 (1.123-1.774) | 0.003 1.447 (1.145-1.827) | 0.002
Caspase-| Per SD 1.236 (0.985-1.551) 0.067 1.193 (0.944-1.506) 0.139 1.214 (0.960-1.535) 0.106
ACSL4 Per SD 1.292 (1.027-1.625) | 0.029 1.291 (1.020-1.632) 0.033 1.263 (0.994-1.606) 0.056
GPX4 Per SD 0.829 (0.639-1.076) 0.158 0.803 (0.611-1.054) 0.114 0.784 (0.593-1.036) 0.087
PTGS2 Per SD 1.179 (0.938-1.482) 0.157 1.232 (0.972-1.561) 0.084 1.210 (0.950-1.542) 0.123

Notes: Adjusted Model |: adjusting for age, sex, hypertension, smoking, diabetes, and dyslipidemia. Adjusted Model 2: adjusting for age, sex, hypertension,
smoking, diabetes, dyslipidemia, neutrophil percentage, CRP, and In_NTpro-BNP. Values in bold indicate P < 0.05.
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Table 3 Tables for the Associations Between IL-13, GSDMD, Caspase-|, ACSL4, GPX4, PTGS2 (Categorical, Tertiles) and

No-Reflow
Variables | Categorical Unadjusted Model Adjusted Model | Adjusted Model 2
OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value
IL-1B T2vs Tl 2.859 (1.272-6.424) 0.011 2.690 (1.184-6.110) 0.018 2.483 (1.082-5.699) 0.032
T3 vs Tl 7.812 (3.657-16.687) | <0.001 | 6.915 (3.153-15.168) | <0.001 | 6.484 (2.864-14.679) | <0.001
GSDMD T2vs Tl 0.890 (0.468—1.695) 0.724 0.915 (0.474-1.768) 0.792 0.932 (0.475-1.829) 0.838
T3vsTI 1.843 (1.028-3.304) 0.040 1.880 (1.031-3.430) 0.040 2.054 (1.113-3.792) 0.021
Caspase-| T2vs Tl 1.051 (0.567-1.946) 0.875 1.009 (0.534-1.907) 0.979 1.088 (0.570-2.078) 0.797
T3vsTI 1.431 (0.793-2.582) 0.234 1.308 (0.712-2.404) 0.386 1.391 (0.750-2.578) 0.295
ACSL4 T2vs Tl 1.317 (0.719-2.411) 0.373 1.432 (0.769-2.668) 0.258 1.416 (0.755-2.656) 0.278
T3 vs Tl 1.340 (0.732-2.456) 0.343 1.382 (0.742-2.572) 0.308 1.315 (0.699-2.470) 0.396
GPX4 T2vs Tl 0.621 (0.347-1.112) 0.109 0.666 (0.365-1.215) 0.185 0.695 (0.378-1.278) 0.242
T3vsTI 0.560 (0.309-1.014) 0.056 0.506 (0.274-0.936) 0.030 0.487 (0.260-0.913) 0.025
PTGS2 T2 vs Tl 1.318 (0.726-2.392) 0.365 1.326 (0.718-2.450) 0.368 1.318 (0.708-2.456) 0.384
T3 vs Tl 1.155 (0.629-2.119) 0.643 1.223 (0.654-2.285) 0.528 1.160 (0.614-2.192) 0.648

Notes: Adjusted Model |: adjusting for age, sex, hypertension, smoking, diabetes, and dyslipidemia. Adjusted Model 2: adjusting for age, sex, hypertension,
smoking, diabetes, dyslipidemia, neutrophil percentage, CRP, and In_NTpro-BNP. Values in bold indicate P < 0.05.

When analyzed as a continuous variable, elevated IL-1p levels remained independently associated with the occurrence
of no-reflow [per SD: unadjusted OR=2.359, 95% CI 1.832-3.038, P< 0.001; adjusted model 1 (age, gender, and risk
factors): OR=2.315,95% CI 1.778-3.015, P <0.001; adjusted model 2 (full covariates): OR = 2.260, 95% CI 1.723-2.966,
P <0.001; Table 2]. Similarly, elevated GSDMD levels were independently associated with no-reflow occurrence.

Subgroup ________Count Percent(%) . _.___ OR (95%Cl) ______P-value __P for interaction
Age 0.749
>=60 years 223 52.7 —a— 2.259 (1.604-3.182) <0.001

Gender 0.141
Male 322 76.1 —a— 1.994 (1.439-2.763) <0.001

Current smoking 0.970
Yes 202 47.8 —a— 2.283 (1.455-3.581) <0.001

Hypertension 0.933
Yes 192 45.4 —a— 2.279 (1.510-3.439) <0.001

Diabetes 0.404
Yes 96 22.7 L —— 2.516 (1.207-5.244) 0.014

Dyslipidemia 0.284
Yes 246 58.2 —a— 2.008 (1.381-2.920) <0.001

Culprit 0.363
LAD 224 53 —a— 2.939 (1.850-4.669) <0.001

Post-dilation 0.615
Yes 301 71.2 —a— 2.413 (1.729-3.369) <0.001

No 122 28.8 —a— 2.435 (1.395-4.253) 0.002

I T T T ]

0.5 1 2 4 8 16
Odds Ratio

Figure 3 Stratified subgroup analyses evaluating the association between standardized IL- 1B concentrations (per |-SD increment) and the no-reflow phenomenon across
demographic and clinical risk factors. The forest plot illustrates odds ratios (ORs) derived from logistic regression models, with IL- | levels standardized by standard deviation
(SD). Blue squares denote point estimates of ORs, horizontal bars represent 95% confidence intervals (95% Cl), and the vertical line indicates the null effect (OR = 1). The red
diamond symbol summarizes the overall OR for the entire cohort (n = 423). Subgroups were stratified by age, gender, current smoking status, hypertension, diabetes,
dyslipidemia, culprit, and post-dilation. Interaction P-values assess potential heterogeneity in the IL-1 effect across subgroups.
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Figure 4 ROC analysis and performance of IL-1, GSDMD, and Caspase-| for predicting no-reflow. (A), ROC curves for IL-1B showing the biomarker alone (green), the
baseline model (blue), and the model with IL-1B (red), with area under the curve (AUC) and 95% confidence interval (Cl). (B), Distribution of IL-1 levels in patients with
and without no-reflow, with the optimal cut-off (green dashed line); sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) are
summarized. (C), Predicted probability of no-reflow from the model with IL-1f, with the cut-off indicated and corresponding performance metrics (sensitivity, specificity,
PPV, NPV). (D), ROC curves for GSDMD (green: biomarker alone; blue: baseline model; red: model with GSDMD). (E), Distribution of GSDMD levels by no-reflow status,
with the optimal cut-off (green dashed line) and performance metrics. (F), Predicted probability of no-reflow from the model with GSDMD, with the cut-off indicated and
performance metrics. (G), ROC curves for Caspase-| (green: biomarker alone; blue: baseline model; red: model with Caspase-1). (H), Distribution of Caspase-| levels by
no-reflow status, with the optimal cut-off (green dashed line) and performance metrics. (l), Predicted probability of no-reflow from the model with Caspase-|, with the cut-
off indicated and performance metrics.
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Table 4 Incremental Performance of Biomarkers in Predicting No-Reflow (Baseline Model vs Model with the
Respective Biomarker)

AAUC P-value NRI P-value IDI P-value
IL-1B 0.091 (0.041 to 0.141) <0.001 0.627 (0.392 to 0.862) <0.001 0.109 (0.067 to 0.151) <0.001
GSDMD 0.019 (-0.015 to 0.054) 0.271 0.290 (0.051 to 0.530) 0.017 0.027 (0.006 to 0.049) 0.013

Caspase-1 | 0.010 (—0.009 to 0.029) 0.286 0.209 (—0.032 to 0.449) 0.089 0.005 (—0.003 to 0.013) 0.231
ACSL4 0.004 (—0.017 to 0.026) 0.692 0.107 (—0.134 to 0.347) 0.385 0.012 (—0.001 to 0.025) 0.071
GPX4 0.009 (—0.016 to 0.034) 0.467 0.242 (0.006 to 0.477) 0.044 | 0.008 (—0.001 to 0.018) 0.090
PTGS2 0.011 (-0.011 to 0.032) 0.347 —0.012 (—0.248 to 0.223) 0918 0.005 (—0.005 to 0.015) 0.319

Notes: Baseline model including age, sex, hypertension, smoking, diabetes, dyslipidemia, neutrophil percentage, CRP, and In_NTpro-BNP. Values in bold
indicate P < 0.05.

When analyzed as categorical variables (tertiles), the highest tertile (T3) of IL-1B demonstrated a strong independent
association with no-reflow [T3 vs T1: unadjusted OR = 7.812, 95% CI 3.657-16.687, P < 0.001; adjusted model 1: OR =
6.915, 95% CI 3.153-15.168, P < 0.001; adjusted model 2: OR = 6.484, 95% CI 2.864-14.679, P < 0.001], and the
middle tertile (T2) also showed a significant association (Table 3). Furthermore, the highest tertile of GSDMD also
exhibited a independent association with no-reflow, while no significant association was found for the middle tertile (T2).

No other biomarkers demonstrated independent associations with no-reflow.

Subgroup Analysis of IL-1f3

We performed subgroup analyses to evaluate the association between IL-1B and no-reflow in different subgroups.
Subgroup analyses stratified by age (<60 vs >60 years), gender, and presence of cardiovascular risk factors, as well as

by culprit artery (LAD vs non-LAD) and post-dilation (yes vs no), revealed no significant interaction effects (P for

interaction >0.05 for all subgroups). The association between elevated IL-1p levels and no-reflow risk remained

consistent across all subgroups (Figure 3).

Incremental Diagnostic Performance of IL-1f in Predicting No-Reflow

Firstly, we constructed the baseline model using logistic regression analysis based on age, sex, cardiovascular risk factors
(hypertension, smoking, diabetes, dyslipidemia), and other baseline differences (neutrophil percentage, CRP, and
In_NTpro-BNP), yielding an AUC of 0.677 (95% CI: 0.613-0.742).

ROC analysis demonstrated that IL-1p alone exhibited robust predictive performance for no-reflow (AUC = 0.745, 95%
CI 0.686-0.804; Figure 4A). The optimal cutoff value for IL-18 was 5.51, achieving a sensitivity of 77.8%, specificity of
59.1%, positive predictive value (PPV) of 31.0%, and negative predictive value (NPV) of 91.8% (Figure 4A—C).

We further assessed the incremental diagnostic value of IL-1p. Incorporating IL-1 into the baseline model significantly
improved predictive accuracy (AAUC = 0.091, 95% CI 0.041-0.141, P < 0.001, DeLong test; Figure 4A and Table 4). At
the optimal cutoff probability of 0.128, the model with IL-1p achieved a sensitivity of 86.4%, specificity of 56.1%, PPV of
31.8%, and NPV of 94.6% (Figure 4C). Net reclassification improvement (NRI=0.627, 95% CI 0.392-0.862, P<0.001;
Table 4) and integrated discrimination improvement (IDI=0.109, 95% CI 0.067-0.151, P<0.001; Table 4) confirmed the
increased predictive utility of the model with IL-1p.

As shown in Figures 4 and 5, and Table 4, diagnostic performance of other biomarkers is not significant.

Discussion

This study evaluated the serum levels of pyroptosis-related (IL-1p, GSDMD, Caspase-1) and ferroptosis-related (ACSL4,
GPX4, PTGS2) proteins in STEMI patients undergoing PPCI to assess their potential as predictors for the NRP. After
multivariable adjustment, IL-13 and GSDMD were identified as independent predictors. However, only the incorporation
of IL-1B into the baseline model significantly improved diagnostic accuracy, as demonstrated by the enhanced AUC,
NRI, and IDI, reflecting its incremental diagnostic performance.
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The NRP portends a dismal prognosis in STEMI patients, with studies consistently linking it to larger infarct size, left
ventricular remodeling, and increased risks of heart failure and mortality.'>'® Despite advances in PPCI techniques,
current predictive models for no-reflow—primarily based on clinical variables and imaging parameters—lack sufficient
sensitivity and specificity.” '' Recent research has focused on inflammatory biomarkers, with CRP-derived indices (eg,

7-9,11

CRP-to-albumin ratio, lymphocyte-to-CRP ratio) and novel markers like endothelin-1 receptor type

A autoantibodies (ETAR-AAs)'® showing modest predictive value. Our study identifies IL-1B as a novel biomarker

3031 jts role in predicting micro-

for no-reflow. While prior work has implicated IL-1p in adverse post-MI outcomes,
vascular obstruction remained unexplored. From a clinical perspective, pre-PPCI IL-13 measurement could enhance risk
stratification and enable early identification of STEMI patients more prone to NRP, thereby allowing operators to prepare
proactive interventions in advance. From a translational perspective, elevated pre-PPCI IL-1p appears to reflect a pro-
inflammatory milieu that predisposes to microvascular obstruction. Our findings primarily advance the mechanistic
understanding of NRP and generate testable hypotheses for therapeutic development.

We hypothesize that the following mechanisms may explain the association between IL-13 and NRP: First, IL-1p act
as a chemotactic signal, promoting neutrophil and monocyte infiltration into ischemic myocardium. These cells
physically obstruct capillaries, as previous studies have suggested leukocyte might cause microvascular plugging.*?
Second, IL-1B might propagate a feedforward inflammatory cascade: infiltrating leukocytes could undergo pyroptosis,
potentially releasing IL-1p through caspase-1-dependent inflammasome activation. This may contribute to a self-
sustaining cycle of leukocyte recruitment.

Although ferroptosis may mechanistically contribute to the NRP in STEMI, our study did not detect significant
associations between the three ferroptosis-related proteins measured (ACSL4, GPX4, and PTGS2) and NRP. Two
explanations are plausible. First, compared with pyroptosis, the contribution of ferroptosis to NRP may be relatively
smaller in this setting; our sample may therefore have been underpowered to detect modest effects, and a larger STEMI
cohort could reveal independent associations. Second, the ferroptosis extends beyond ACSL4, GPX4, and PTGS2 to
other regulators of iron homeostasis and phospholipid remodeling—such as NCOA4** (ferritinophagy) and LPCAT3**
(polyunsaturated fatty acid activation}—which might be more closely linked to NRP than the markers we selected.

This study has limitations. First, the two-center design and modest sample size (n=423) necessitate validation in
larger, multicenter cohorts. Second, causality cannot be inferred from observational data. Future studies will require more
animal experiments to demonstrate the role of pyroptosis or ferroptosis in no-reflow. Additionally, interleukin-18 (IL-18)
is also released during pyroptosis;*> however, this study did not evaluate the association between IL-18 and NRP.

Future research could explore dynamic changes in IL-1p levels during PPCI and their correlation with infarct size in
cardiac MRI. Additionally, integrating IL-1p with emerging predictors like ETAR-AAs or thrombus burden metrics may
further refine risk models.

Conclusions

Elevated IL-1P was independently associated with NRP in STEMI patients after PPCI, and its integration into the model
constructed from traditional risk factors significantly improved predictive performance, positioning IL-1f as a plausible
therapeutic target to prevent or mitigate NRP.
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