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Background: The combined prognostic impact of the systemic immune-inflammation index (SII) and low-density lipoprotein 
cholesterol (LDL-C) after primary percutaneous coronary intervention (PPCI) in acute myocardial infarction (AMI) remains unclear. 
We evaluated their joint predictive value for clinical outcomes.
Methods: We retrospectively analyzed 487 AMI patients who underwent PPCI at the Affiliated Hospital of Xuzhou Medical 
University between January 2019 and December 2021. SII and LDL-C were assessed at baseline and 1 month post-discharge. 
Using the guideline LDL-C target (<1.4 mmol/L or ≥50% reduction) and a receiver operating characteristic (ROC)–derived optimal 
SII cutoff (676.6 × 109 /L), patients were categorized as: both on-target, SII on-target only, LDL-C on-target only, or both off-target. 
The primary endpoint was the composite of major adverse cardiovascular events (MACEs): all-cause death, recurrent myocardial 
infarction, repeat revascularization, and ventricular arrhythmias. Candidate variables were selected with least absolute shrinkage and 
selection operator (LASSO); survival was analyzed using Cox proportional hazards models and Kaplan–Meier estimates.
Results: Versus the both off-target group, the both on-target group had significantly better outcomes (P < 0.001). The SII on-target 
only group also outperformed the LDL-C on-target only group (P < 0.001). Consistently, the both off-target group had markedly worse 
outcomes relative to the both on-target group (HR = 69.2; 95% CI: 16.8–285.0; P < 0.001). At 1 month, SII showed good 
discrimination for MACEs (AUC = 0.76).
Conclusion: One month after PPCI, simultaneous achievement of SII and LDL-C targets was associated with a substantially lower 
1-year risk of MACEs. Combined control of inflammation and lipids provided incremental benefit beyond lipid lowering alone, 
supporting a dual-target strategy in secondary prevention.
Keywords: systemic immune-inflammation index, low-density lipoprotein cholesterol, dual-target management, acute myocardial 
infarction, prognosis

Introduction
Cardiovascular disease (CVD) remains the leading cause of death worldwide, accounting for approximately 17.9 million 
deaths each year. Acute myocardial infarction (AMI), a principal presentation of coronary artery disease, continues to 
impose a substantial public health burden owing to its high incidence, high mortality, and risk of recurrence.1 Despite 
significant advances in therapy—particularly the widespread use of primary percutaneous coronary intervention (PPCI) 
and drug-eluting stents—adverse events after PPCI remain frequent even under intensive lipid-lowering treatment,2,3 

underscoring limitations of current risk-management strategies and the urgent need for novel prognostic biomarkers to 
refine risk stratification and guide more effective secondary prevention.
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Dyslipidemia—particularly elevated low-density lipoprotein cholesterol (LDL-C)—is a principal driver of atherogen
esis and plaque instability.4 Although lipid-lowering therapies such as statins substantially reduce cardiovascular risk, 
many patients continue to experience residual risk after PPCI even when lipid targets are achieved,5 indicating that non- 
lipid factors—especially inflammation—play a pivotal role in prognosis.6 Systemic inflammation not only accelerates 
atherosclerotic progression but also precipitates plaque rupture and adverse myocardial remodeling, thereby increasing 
the risk of recurrent ischemic events.7,8 Accordingly, effective cardiovascular prevention requires integrated lipid 
management alongside comprehensive control of inflammation.

The systemic immune–inflammation index (SII), calculated as (platelet count × neutrophil count) / lymphocyte count, 
is a novel composite index that integrates innate immunity, adaptive immune suppression, and a prothrombotic state.9 

Prior studies have shown that elevated admission SII independently predicts short- and long-term adverse outcomes in 
AMI patients undergoing PPCI,10–12 and it outperforms conventional inflammatory markers such as the neutrophil-to- 
lymphocyte ratio (NLR) and the platelet-to-lymphocyte ratio (PLR).13–15 However, the literature has largely treated SII 
as a one-time baseline measure;16 potential interactions with established risk factors (eg, LDL-C) remain underexplored, 
and the prognostic relevance of longitudinal changes in SII has not been systematically evaluated.

Mechanistically, inflammation and lipid metabolism are tightly coupled: activation of inflammatory pathways 
promotes LDL oxidation and macrophage uptake, accelerating foam-cell formation;17 conversely, dyslipidemia triggers 
endothelial activation and the release of inflammatory mediators, perpetuating a vicious cycle.18,19 This bidirectional 
process suggests that an elevated SII together with suboptimal LDL-C control may act synergistically to increase plaque 
vulnerability and impede myocardial recovery. Because immune–inflammatory responses evolve dynamically after 
PPCI,20 we hypothesize that serial monitoring of SII could more precisely identify patients at high risk. Although 
existing data indicate that concurrent targeting of inflammation and lipids yields additional clinical benefit,21,22 the 
prognostic value of a joint SII–LDL-C framework after PPCI in AMI has not yet been systematically evaluated.

Building on these gaps, we evaluate whether a combined assessment of the SII and achievement of LDL-C targets 
improves prediction of 1-year major adverse cardiovascular events (MACEs) following PPCI. We hypothesize that, in 
AMI patients undergoing PPCI, concomitant elevation of SII with reduction of LDL-C at admission is associated with 
a higher risk of post-PPCI MACE and serves as an independent predictor of risk.

Methods
Participants and Study Design
From January 1 to December 31, 2019, the Department of Cardiology at the Affiliated Hospital of Xuzhou Medical 
University admitted 1,092 patients with AMI, including 713 with ST-segment elevation myocardial infarction (STEMI) 
and 379 with non-ST-segment elevation myocardial infarction (NSTEMI).A final cohort of 487 patients (STEMI, n=324; 
NSTEMI, n=163) met the inclusion criteria (Figure 1).MACEs were defined as the composite endpoint of all-cause death, 
recurrent myocardial infarction, repeat revascularization (percutaneous coronary intervention or coronary artery bypass 
grafting), and ventricular arrhythmias.Follow-up was conducted at 3-month intervals via telephone follow-up, outpatient 
reassessments, and review of the electronic medical record system; outcomes were adjudicated by clinical staff by 
integrating these sources with information from family members, and the total follow-up duration was 12 months.The 
study was approved by the Ethics Committee of the Affiliated Hospital of Xuzhou Medical University (approval no. 
XYFY2022-KL420-01).Owing to the retrospective design, the requirement for informed consent was waived by the 
ethics committee.All patient data were de-identified and handled confidentially to safeguard patient rights.The study was 
conducted in accordance with the Declaration of Helsinki.

Inclusion and Exclusion Criteria Inclusion Criteria
Inclusion criteria were as follows: (1) a clinical diagnosis of AMI according to the Fourth Universal Definition of 
Myocardial Infarction,23 requiring both (a) evidence of myocardial injury—defined as a rise and/or fall in high-sensitivity 
cardiac troponin (hs-cTn) with at least one value above the 99th-percentile upper reference limit (URL)—and (b) 
evidence of acute myocardial ischemia, indicated by at least one of the following: typical ischemic symptoms, new or 
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presumed-new ischemic changes on electrocardiogram, imaging evidence of new loss of myocardial viability or new 
regional wall-motion abnormality, or angiographic demonstration of an intracoronary thrombus; (2) receipt of guideline- 
directed revascularization therapy: for STEMI, fulfillment of the 2017 Chinese guideline for STEMI and PPCI within 
12 hours of symptom onset;24 for NSTEMI, fulfillment of the 2016 Chinese guideline for NSTEMI, a GRACE risk score 
>140, and an early invasive strategy within 24 hours of hospital admission;25 (3) age ≥18 years; and (4) availability of 
complete baseline clinical characteristics, laboratory results, and follow-up information.

Exclusion Criteria were as follows: (1) Absence of coronary angiography; (2) No stent implantation following 
coronary angiography; (3) Underwent non-emergent primary percutaneous coronary intervention (PCI) or received 
thrombolytic therapy prior to PCI; (4) History of major surgery, trauma, or acute cerebrovascular event within 
4 weeks prior to admission; (5) Presence of sepsis, active infection, or systemic inflammatory diseases (including 
autoimmune disorders such as systemic lupus erythematosus or vasculitis) at the time of admission; (6) Primary 
hematologic diseases (eg, leukemia, lymphoma) or active malignant tumors; (7) Concurrent moderate to severe valvular 
heart disease (stenosis or regurgitation) or diagnosed cardiomyopathy; (8) End-stage renal disease requiring long-term 
dialysis, estimated glomerular filtration rate (eGFR) <15 mL/(min·1.73 m2) at admission, or severe hepatic insufficiency 
(Child–Pugh Class C); (9) Incomplete clinical follow-up data or inability to determine primary endpoint events.

Figure 1 Flowchart illustrating the process of patient recruitment. 
Abbreviations: AMI, acute myocardial infarction; PPCI, primary percutaneous coronary intervention; PCI, percutaneous coronary intervention; eGFR, estimated 
glomerular filtration rate; SII, systemic immune-inflammation index; LDL-C, low-density lipoprotein cholesterol.
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Data Collection
Two investigators independently evaluated all patients with AMI according to prespecified inclusion and exclusion 
criteria. At admission, demographic, clinical, and laboratory data were collected. Patient information was abstracted from 
electronic and paper medical records and documented on a standardized case report form (CRF).

Baseline information included: (1) Baseline characteristics—sex, age, medical history (including hypertension, diabetes, 
and other comorbidities), smoking and alcohol use, systolic and diastolic blood pressure on admission, heart rate on admission, 
Killip class, and hospitalization day; (2) In-hospital medications—aspirin, P2Y12 receptor inhibitors, calcium channel 
blockers (CCBs), statins, beta-blockers, angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers 
(ARBs), and diuretics; (3) Intraprocedural variables during PPCI—primary diseased coronary vessel, stent length, stent 
diameter, number of stents implanted, and whether intravascular ultrasound (IVUS) guidance was used; and (4) Discharge 
medications—aspirin, P2Y12 receptor inhibitors, diuretics, statins, beta-blockers, ACEIs or ARBs, and insulin.

Laboratory measurements included: (1) complete blood count—neutrophils, lymphocytes, and platelets; (2) lipid 
profile—low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol 
(TC), triglycerides (TG), and lipoprotein(a) [Lp(a)]; (3) biochemistry and cardiac biomarkers—hemoglobin (Hb), 
glycated hemoglobin (HbA1c), fasting plasma glucose (FPG), estimated glomerular filtration rate (eGFR), serum 
creatinine (Scr), uric acid (UA), alanine aminotransferase (ALT), serum albumin (ALB), high-sensitivity cardiac troponin 
T (hs-TnT), N-terminal pro–B-type natriuretic peptide (NT-proBNP), creatine kinase-MB (CK-MB), and cardiac 
troponin I (cTnI); and (4) inflammatory index—the systemic immune-inflammation index (SII), calculated as platelet 
count × neutrophil count / lymphocyte count (SII = P × N / L). Blood samples were processed in the hospital central 
laboratory using an automated hematology analyzer (Sysmex XT-1800, Sysmex Inc., Kobe, Japan) and a clinical 
chemistry analyzer (Hitachi 747, Hitachi Ltd., Tokyo, Japan).

Lipid testing: To accommodate the time-critical nature of emergent PPCI, admission lipid measurements were obtained in 
the non-fasting state, consistent with ESC (2019) and AHA/ACC (2018) guidance.26,27 For the primary analyses, LDL-C 
measured 1 month after discharge under ≥8-hour fasting was used as the standardized, stable exposure variable.

Five prespecified SII time points were assessed: (1) 24h pre-procedure (baseline reflecting initial inflammatory and 
lipid status); (2) 24h post-procedure and (3) 48h post-procedure (capturing the acute inflammatory peak and early 
dynamics related to ischemia–reperfusion injury); (4) pre-discharge (assessing the cumulative in-hospital effect of 
inflammation control); and (5) 1 month post-discharge (chronic inflammatory burden after resolution of the acute 
phase, aligned with ESC/EAS27 recommendations for repeat LDL-C assessment).Because post-AMI inflammation 
evolves over days to weeks, serial SII measurements were collected to capture trajectory (resolution vs persistence).

Definitions and Endpoints
1) Hypertension: systolic blood pressure (SBP) > 140 mmHg and/or diastolic blood pressure (DBP) > 90 mmHg, 

a documented history of hypertension, or current use of antihypertensive medication.28

2) Diabetes: fasting plasma glucose (FPG) > 7.0 mmol/L, random plasma glucose > 11.1 mmol/L, glycated 
hemoglobin (HbA1c) ≥ 6.5%, or current use of glucose-lowering therapy.28

3) Smoking status: current smoking or cessation within the previous 12 months.28

4) Alcohol use: current drinking or cessation within the previous 12 months.28

5) Major adverse cardiovascular events (MACEs): a composite endpoint including all-cause mortality, recurrent myocar
dial infarction, repeat revascularization (percutaneous coronary intervention or coronary artery bypass grafting), and 
ventricular arrhythmias. Events were adjudicated according to prespecified criteria using source clinical documentation 
(eg, coronary angiography reports, electrocardiograms, and laboratory results).29 Although adjudicators were not fully 
blinded to biomarker data, all determinations required objective evidence to reduce the risk of bias.

6) LDL-C treatment target: prespecified per the 2019 ESC/EAS dyslipidaemia guideline27—defined as < 1.4 mmol/L 
at 1 month post-discharge or a ≥ 50% reduction from baseline—for very-high-risk patients, including those with 
acute myocardial infarction.
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7) SII cutoff derivation: no guideline-endorsed threshold; SII measured at five prespecified time points; receiver-operating 
characteristic (ROC) analyses for 1-year outcomes compared discrimination; the Youden index identified the optimal 
cutoff. The 1-month post-discharge SII showed the highest predictive performance (AUC = 0.76; 95% CI 0.71–0.82; 
P < 0.001), yielding a threshold of 676.6 × 109 /L; subsequent analyses dichotomized SII at this value.

Intervention Procedure
All patients included in the study received chewable aspirin (300 mg), ticagrelor (180 mg), and intravenous unfractio
nated heparin at a dose of 70–100 U/kg prior to undergoing PPCI. The procedure was performed by an experienced 
interventional cardiologist using a standard radial artery approach with either a 6-French or 7-French catheter.The 
selection of stent type—either bare-metal or drug-eluting—and the decision to perform thrombus aspiration were 
made at the operator’s discretion. A glycoprotein IIb/IIIa receptor inhibitor, chosen by the operator, was administered 
via the intracoronary route at a bolus dose of 10 µg/kg, followed by continuous intravenous infusion at 0.15 µg/kg/min. 
Coronary lesions were treated using standard PPCI techniques.Selective coronary angiography was conducted using the 
standard Judkins technique (Expo; Boston Scientific, Natick, MA, USA) with the Siemens Axiom Sensis XP system 
(Siemens Healthcare, Munich, Germany). In accordance with the European Society of Cardiology (ESC) guidelines, 
recommended pharmacological therapies were administered during hospitalisation and continued post-discharge.

Statistical Analysis
The normality of continuous variables was assessed using the Shapiro–Wilk test. Normally distributed data were 
presented as mean ± standard deviation (SD), non-normal data as median (interquartile range, IQR), and categorical 
variables as counts (percentages). Between-group comparisons were performed using Student’s t-test or the Mann– 
Whitney U-test for continuous variables and the chi-square (χ2) test or Fisher’s exact test for categorical variables.Two- 
sided P < 0.05 was considered statistically significant.Variable selection followed a two-stage approach: first, least 
absolute shrinkage and selection operator (LASSO) regression was used for preliminary screening of predictors; second, 
retained variables together with prespecified clinically relevant covariates were entered into multivariable Cox propor
tional hazards models to identify independent factors associated with 1-year outcomes among AMI patients treated with 
PPCI. Adjusted covariates included demographics (age, sex), lifestyle factors (smoking, alcohol use), medical history 
(hypertension, stroke/transient ischemic attack [TIA]), and prior medications (glucose-lowering and lipid-lowering 
therapies).The predictive performance of the SII for adverse events was evaluated using receiver operating characteristic 
(ROC) analysis, and the optimal cutoff was determined by the Youden index; SII was then dichotomized accordingly. 
Patients were further stratified by attainment of SII and LDL-C targets. One-year survival was depicted using Kaplan– 
Meier curves, group differences were compared with the Log rank test, and an SII×LDL-C interaction term was tested 
within Cox models. The proportional hazards assumption was assessed using Schoenfeld residuals (assumed satisfied if 
P > 0.05). Internal validation and sensitivity analyses were conducted via bootstrap resampling (B = 300). In primary 
endpoint analyses, participants lost to follow-up were right-censored; secondary endpoints were analyzed using 
a complete-case dataset. The missing rate for baseline and clinical variables was <0.5% and was reconciled using the 
hospital information system. Analyses were performed with SPSS 26.0, R 4.5.0, and GraphPad Prism 10.3.

Results
Baseline Characteristics
A total of 487 patients with AMI treated with PPCI were enrolled. Primary endpoint events (MACEs) occurred in 98 patients 
(20.1%; event group), whereas 389 patients (79.9%) had no events (non-event group). As shown in Table 1, the two groups 
did not differ significantly in baseline demographic characteristics such as age and sex (P > 0.05). By contrast, the event 
group had larger stent diameter and length and higher use of CCBs and β-blockers (all P < 0.05). On laboratory testing, the 
event group exhibited significantly higher levels of the SII, LDL-C, HDL-C, and cardiac injury biomarkers (hs-TnT, NT- 
proBNP, cTnI, CK-MB) than the non-event group (all P < 0.05; Table 2). Overall, baseline medical therapy was highly 
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Table 1 Comparison of Clinical Characteristics Between the Event and Non-Event Groups

Variables Total (n = 487) Non-The Event (n = 389) The Event (n = 98) Effect Sizes P

Age (years) 63.12 ± 15.81 63.09 ± 16.29 63.23 ± 13.83 −0.009 0.937

Gender (n,%) 0.009 0.833

Male 135 (27.72) 107 (27.51) 28 (28.57)

Female 352 (72.28) 282 (72.49) 70 (71.43)

Hospitalization day(d) 7.00 (5.00, 8.00) 7.00 (5.00, 9.00) 6.00 (5.00, 7.00) −0.19 <0.001a

HR (beats-per-minute) 78.00 (70.00, 89.00) 78.00 (69.00, 87.00) 82.00 (74.00, 91.00) −0.115 0.011a

SBP (mmHg) 120.00 (111.00, 142.00) 120.00 (111.00, 145.00) 119.00 (111.00, 128.00) −0.054 0.231

DBP (mmHg) 80.00 (70.00, 89.00) 81.00 (70.00, 90.00) 77.50 (70.00, 88.00) −0.086 0.058

Medical history (n,%)

Hypertension 221 (45.38) 183 (47.04) 38 (38.78) 0.067 0.142

Diabetes mellitus 100 (20.53) 87 (22.37) 13 (13.27) 0.09 0.046a

Stroke or TIA 59 (12.11) 52 (13.37) 7 (7.14) 0.076 0.091

Previous MI/PCI/CABG 50 (10.27) 45 (11.57) 5 (5.10) 0.085 0.059

Heart failure 14 (2.87) 11 (2.83) 3 (3.06) 0 1

Coronary heart disease 48 (9.86) 39 (10.03) 9 (9.18) 0.011 0.803

Current smoking status 176 (36.14) 134 (34.45) 42 (42.86) 0.07 0.121

Current drinking status 92 (18.89) 71 (18.25) 21 (21.43) 0.033 0.473

Medications during hospitalisation (n,%)

Aspirin 487(100.00) 389(100.00) 98(100.00) - -

P2Y12 receptor inhibitors 487(100.00) 389(100.00) 98(100.00) - -

ACEIs or ARBs 272 (55.85) 211 (54.24) 61 (62.24) 0.065 0.154

CCBs 254 (52.16) 189 (48.59) 65 (66.33) 0.142 0.002a

Statins 487(100.00) 389(100.00) 98(100.00) - -

β-blockers 431 (88.50) 339 (87.15) 92 (93.88) 0.085 0.062

Diuretics 229 (47.02) 189 (48.59) 40 (40.82) 0.062 0.168

Killip class (n,%) 0.01 0.825

Killip class (1–2) 42 (8.62) 33 (8.48) 9 (9.18)

Killip class (3–4) 445 (91.38) 356 (91.52) 89 (90.82)

Target Vessel (n,%)

LM 17 (3.49) 15 (3.86) 2 (2.04) 0.026 0.571

LAD 269 (55.24) 193 (49.61) 76 (77.55) 0.225 <0.001a

LCX 90 (18.48) 86 (22.11) 4 (4.08) 0.186 <0.001a

RCA 128 (26.28) 109 (28.02) 19 (19.39) 0.079 0.083

Simultaneous treatment of vascular situations (n,%) 0.009 0.85

1 468 (96.10) 373 (95.89) 95 (96.94)

>1 19 (3.90) 16 (4.11) 3 (3.06)

Vessel-disease (stenosis >50%) (n,%) 0.109 0.016a

1 187 (38.40) 139 (35.73) 48 (48.98)

>1 300 (61.60) 250 (64.27) 50 (51.02)

IVUS assit (n,%) 0.014 0.765

Yes 467 (95.89) 372 (95.63) 95 (96.94)

No 20 (4.11) 17 (4.37) 3 (3.06)

Number of stents inserted (n,%) 0.061 0.181

1 piece 411 (84.39) 324 (83.29) 87 (88.78)

≥2 piece 76 (15.61) 65 (16.71) 11 (11.22)

Stent length (mm) 21.00 (16.00, 25.00) 20.00 (16.00, 25.00) 21.00 (18.00, 28.00) −0.119 0.008a

Stent diameter(mm) 2.50 (1.50, 2.75) 2.10 (1.50, 2.75) 2.50 (2.00, 3.00) −0.196 <0.001a

Discharge medication (n,%)

Aspirin 480 (98.56) 384 (98.71) 96 (97.96) 0.005 0.931

P2Y12 receptor inhibitors 480 (98.56) 386 (99.23) 94 (95.92) 0.09 0.047a

β-blockers 401 (82.34) 311 (79.95) 90 (91.84) 0.125 0.006a

ACEIs or ARBs 193 (39.63) 148 (38.05) 45 (45.92) 0.065 0.154

Statins 474 (97.33) 378 (97.17) 96 (97.96) 0.005 0.935

Diuretics 158 (32.44) 126 (32.39) 32 (32.65) 0 0.96

Insulin treatment 23 (4.72) 21 (5.40) 2 (2.04) 0.051 0.257

Notes: Data are presented as the IQR, mean ± SD or n (%).a is significant. 
Abbreviations: HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; TIA, transient ischaemic attack; MI, myocardial infarction; PPCI, primary 
percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CCBs, 
calcium channel blockers; LM, left main; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery.
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consistent across groups: dual antiplatelet therapy, statins, and β-blockers were used in nearly all patients, and >80% received 
an ACE inhibitor or an angiotensin receptor blocker (ACEI/ARB), in line with current guideline recommendations.

Identification of Distinct Predictors for Early and Late Risk
We first used univariable Cox regression to screen 25 variables significantly associated with the primary endpoint (P < 0.05; 
Supplementary Table S1). To reduce dimensionality and address multicollinearity while accommodating potential time- 
varying predictor effects, we applied a time-segmented LASSO Cox regression, partitioning follow-up at the median event 
time (7 months) into an early window (t ≤ 7 months) and a late window (t > 7 months), with variable selection by 10-fold cross- 
validation.No significant predictors were identified in the early window (t ≤ 7 months) (Supplementary Figure S1).In the late 
window (t > 7 months), LASSO pre-screening indicated eight variables with predictive value (Supplementary Table S2), and 
applying the 1-SE rule yielded five core predictors (Figure 2): TG, hs-TnT, NT-proBNP, SII (1 month after discharge), and 
LDL-C (1 month after discharge).For model robustness and clinical interpretability, these five variables were carried forward 
into the subsequent multivariable Cox regression.

Assessment of the Proportional Hazards Assumption and Landmark Analysis
Given the potential for time-varying effects among LASSO-selected covariates, we tested the Cox proportional 
hazards (PH) assumption using the Schoenfeld residuals test. The global test indicated a violation of the PH 
assumption (χ2=12.86, P=0.025), driven primarily by 1-month post-discharge LDL-C (χ2=8.95, P=0.003), whereas 
other covariates showed no significant departures (all P>0.05; Supplementary Figure S2). To mitigate early-event 
heterogeneity and immortal-time bias, we implemented a 1-month post-discharge landmark, restricted the cohort to 
patients alive and event-free at that time, and restarted follow-up from the landmark. Findings were consistent in 

Table 2 Comparison of Biochemical Characteristics Between the Event and Non- the Event Groups

Variables Total (n = 487) Non-The Event (n = 389) The Event (n = 98) Effect sizes P

Hb (g/L) 125.00 (115.00, 145.00) 124.00 (115.00, 145.00) 130.00 (116.00, 145.75) −0.058 0.2

eGFR (mL/min/1.73m2) 101.61 (81.30, 120.00) 100.11 (78.90, 119.55) 108.11 (90.47, 120.00) −0.086 0.058

Scr (μmol/L) 61.00 (51.00, 74.00) 61.00 (52.00, 74.00) 58.00 (50.00, 69.75) −0.074 0.103

UA (μmol/L) 241.00 (170.00, 292.00) 227.00 (168.00, 287.00) 263.50 (191.25, 321.25) −0.085 0.062

AST (U/L) 111.00 (69.00, 151.00) 111.00 (69.00, 150.00) 109.00 (67.00, 151.00) −0.015 0.739

ALT (U/L) 49.00 (27.00, 70.00) 49.00 (24.00, 71.00) 49.50 (37.75, 67.00) −0.035 0.443

ALB (g/L) 26.17 (16.65, 41.20) 22.89 (16.40, 41.40) 35.25 (17.12, 40.58) −0.005 0.915

HbA1c (%) 6.00 (5.70, 6.80) 6.00 (5.70, 6.80) 6.00 (5.70, 6.88) −0.016 0.727

FPG (mmol/L) 5.89 (5.00, 7.56) 5.76 (4.95, 7.61) 6.17 (5.39, 6.98) −0.072 0.111

LDL-C (mmol/L) 2.06 (1.33, 2.68) 1.99 (1.28, 2.65) 2.21 (1.67, 2.88) −0.112 0.013a

HDL-C (mmol/L) 1.01 (0.86, 1.18) 1.01 (0.84, 1.17) 1.10 (0.91, 1.25) −0.135 0.003a

TG (mmol/L) 1.55 (1.02, 8.54) 1.80 (1.09, 11.50) 1.12 (0.80, 1.35) −0.314 <0.001a

TC (mmol/L) 4.61 (2.88, 5.93) 4.75 (2.90, 6.25) 4.17 (2.86, 4.88) −0.168 <0.001a

Lp(a)(mg/L) 234.00 (152.00, 520.00) 251.00 (157.00, 565.00) 182.00 (140.25, 346.25) −0.146 0.001a

hs-TnT (ng/L) 1266.00 (224.66, 4569.50) 1107.00 (166.30, 2765.00) 2676.00 (1196.50, 7041.75) −0.261 <0.001a

NT-proBNP (pg/mL) 897.60 (247.95, 1587.40) 855.10 (227.50, 1451.00) 1111.80 (511.20, 2224.43) −0.157 <0.001a

cTnI (ng/mL) 5.71 (1.81, 12.00) 6.78 (1.89, 14.57) 4.13 (1.45, 7.93) −0.189 <0.001a

CK-MB (ng/mL) 128.00 (80.50, 233.00) 129.00 (86.00, 245.00) 124.50 (60.50, 224.75) −0.067 0.141

SII (24h before PPCI) 888.20 (549.95, 1336.85) 879.10 (528.00, 1251.80) 926.20 (612.03, 1602.97) −0.089 0.048a

SII (24h after PPCI) 922.76 (653.65, 1257.20) 885.00 (625.27, 1201.78) 1027.47 (809.08, 1485.83) −0.127 0.005a

SII (48h after PPCI) 733.46 (521.75, 1075.91) 716.27 (507.16, 1046.61) 863.02 (608.45, 1195.68) −0.133 0.003a

SII (before discharge) 710.17 (500.80, 969.76) 664.89 (488.47, 960.00) 815.63 (605.39, 1092.76) −0.158 <0.001a

SII (1 month after discharge) 604.91 (451.84, 775.47) 558.94 (418.00, 692.55) 766.71 (683.58, 965.27) −0.367 <0.001a

LDL-C (1 month after discharge) 1.60 (1.23, 2.08) 1.51 (1.19, 1.89) 2.12 (1.64, 2.71) −0.337 <0.001a

Notes: Data are presented as the IQR, mean ± SD or n (%).a is significant. 
Abbreviations: Hb, haemoglobin; eGFR, estimated glomerular filtration rate; Scr, serum creatinine; UA, uric acid; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; ALB, albumin; HbA1c, glycated haemoglobin; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; TC, 
total cholesterol; Lp(a), lipoprotein (a); hs-TnT, high-sensitivity troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; cTnI, cardiac troponin I; CK-MB, 
creatine kinase-MB; SII, systemic immune-inflammation index; LDL-C, low-density lipoprotein cholesterol.
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the landmark cohort: the PH assumption was again violated (χ2=12.86, df=5, P=0.025), predominantly due to 
LDL-C (χ2=8.95, P=0.003), while the remaining covariates met the PH requirement (Figure 3). Accordingly, the 
final model specified an interaction between 1-month LDL-C and log(time) to capture the increasing hazard 
associated with LDL-C over time and to avoid bias from assuming a constant hazard ratio.

Multivariable Cox Modelling and Validation of Time-Dependent Effects
As prior testing indicated that LDL-C violated the PH assumption, we employed a multivariable Cox model incorporating 
a time-dependent term for subsequent analyses.We introduced an interaction term, 1-month post-discharge LDL-C ×log(time), 
into the baseline model to capture its time-amplifying risk.To assess independent effects and control confounding, we applied 
sequential adjustments: Model 1 (baseline), Model 2 (Model 1 plus age and sex), and Model 3 (additionally including smoking 
status, drinking status, history of hypertension, history of stroke or TIA, and the use of antidiabetic and antilipidemic 
medications).In the fully adjusted model, the LDL-C × time interaction was significant (aHR = 1.443, 95% CI 
1.301–1.600; P < 0.001; Table 3); accordingly, the HR per +1 mmol/L increase in LDL-C was 1.496, 1.928, and 2.485 at 
3, 6, and 12 months, respectively, and for an IQR increase of 0.855 mmol/L, the HRs were 1.411, 1.753, and 2.178 (Table 4). 
Beyond LDL-C, SII remained an independent risk factor (per +1 unit: HR = 1.001, 95% CI 1.000–1.001; P < 0.001; scaled to 
+100 × 10^9/L, HR ≈ 1.105; other covariates in Table 3).In terms of discrimination, the C-index increased from 0.830 (SE 
0.017) without the time term to 0.835 (SE 0.016) after including the interaction, and further reached 0.837 (SE 0.016) and 
0.847 (SE 0.017) after adjustment for age/sex and for all confounders, respectively (Table 5).Detailed results for the baseline 
model without time terms and for the PH tests are provided in Supplementary Tables S3 and S4.

Although the per-unit hazard ratio (HR) for SII appears close to 1.00, its clinical relevance lies in the large dynamic 
range of this biomarker. SII, calculated as (platelet count × neutrophil count) / lymphocyte count using counts in ×109/L, 
typically spans several hundred to several thousand. For example, with an HR of 1.001 per unit, a 500-unit increase 
corresponds to 1.001500 ≈ 1.65, and a 1,000-unit increase to 1.0011000 ≈ 2.72. This exponential relationship means that 
even small unit-level effects can translate into meaningful risk differences across realistic SII ranges. Despite a modest 
per-unit effect, SII remains a clinically informative and dynamic risk marker.

Figure 2 Variable selection using time-segmented LASSO-Cox regression in the late window (t > 7 months). 
Notes: (A) Ten-fold cross-validated partial-likelihood deviance versus log(λ). Red dots indicate the mean deviance; gray bars, ±1 SE. Vertical dotted lines mark λ_min and 
λ_1-SE. Numbers above the curve indicate the number of non-zero coefficients at each λ. (B) Coefficient paths for candidate predictors as a function of log(λ); coefficients 
shrink toward zero as the penalty increases. 
Abbreviations: λ, penalty parameter; SE, standard error.
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Bootstrap-Based Internal Validation: Calibration and Discrimination
To further assess the robustness of the primary model, we performed internal validation using bootstrap resampling (B=300) 
and evaluated performance at τ=11.5 months (event times truncated at 11.50 months; administrative censoring at 12.00 
months). Before calibration, the Kaplan–Meier estimate of overall event risk was 19.9%, whereas the model’s mean predicted 
risk was 29.7%, indicating overestimation (E/O=1.49; Supplementary Figure S3). Linear recalibration substantially improved 
agreement (E/O=1.00; calibration slope=1.04; Figure 4A). After bootstrap validation with optimism correction (B=300), the 
model remained well calibrated (E/O=1.03; calibration slope=0.96; Figure 4B). For discrimination, Harrell’s C was 0.829 
(95% CI 0.797–0.862), and Uno’s C at τ=11.5 months was 0.831 (Figure 4C); the optimism-corrected estimates were 0.822 

Table 3 Multivariable Time-Dependent Cox Analysis: Associations with the Primary Outcome

Variables Model I Model II Model III

HR (95% CI) P aHR (95% CI) P aHR (95% CI) P

TG 0.686 (0.557–0.845) < 0.001 0.651 (0.511–0.830) < 0.001 0.645 (0.502–0.829) < 0.001
hs-TnT 1.000 (1.000–1.000) 0.787 1.000 (1.000–1.000) 0.953 1.000 (1.000–1.000) 0.399

NT-proBNP 1.000 (1.000–1.000) 0.211 1.000 (1.000–1.000) 0.111 1.000 (1.000–1.000) 0.277

SII (1 month after discharge) 1.001 (1.000–1.001) < 0.001 1.001 (1.000–1.001) < 0.001 1.001 (1.000–1.001) < 0.001
LDL-C (1 month after discharge)× log(time) 1.417 (1.278–1.570) < 0.001 1.426 (1.286–1.582) < 0.001 1.443 (1.301–1.600) < 0.001

Notes: Model 1 (baseline); Model 2 = Model 1 + age, sex; Model 3 = Model 2 + smoking status, drinking status, history of hypertension, history of stroke or TIA, and the 
use of antidiabetic and antilipidemic medications. 
Abbreviations: HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; TG, triglycerides; hs-TnT, high-sensitivity troponin T; NT-proBNP, N-terminal pro- 
B-type natriuretic peptide; TIA, transient ischemic attack; LDL-C, low-density lipoprotein cholesterol; SII, systemic immune–inflammation index.

Figure 3 Proportional-hazards diagnostics using scaled Schoenfeld residuals (Landmark cohort at 1 month after discharge). 
Notes: For each LASSO-selected covariate, scaled Schoenfeld residuals are plotted against transformed time (points) with a LOESS smoother (solid line) and 95% CI 
(shaded band); the horizontal dashed line denotes the zero slope expected under the PH assumption. The global PH test is shown in the header. 
Abbreviations: PH, proportional hazards; TG, triglycerides; hs-TnT, high-sensitivity troponin-T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SII, systemic 
immune-inflammation index; LDL-C, low-density lipoprotein cholesterol.
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(95% CI 0.810–0.841) and 0.824 (95% CI 0.811–0.843), respectively. Overall, the model exhibited good calibration and 
discriminative ability at the fixed time horizon and preserved stability after internal validation (Figure 4D).

Association Between the Temporal Trajectory of SII and Adverse Event Risk
To assess how temporal variation in the SII relates to the risk of MACE, we examined SII at multiple prespecified time points 
from the periprocedural period through post-discharge. We found that across all five time points—24h pre-PPCI, 24h post-PPCI, 
48h post-PPCI, pre-discharge, and 1 month post-discharge—the event group consistently exhibited higher SII than the non-event 
group (all P < 0.05; Figure 5A–E). Despite an overall downward trend in both groups, the event group maintained consistently 
higher SII throughout follow-up (Figure 5F), indicating that persistently elevated SII is associated with adverse outcomes.

Two-Dimensional Risk Stratification Based on LDL-C Target Attainment and the SII 
Cutoff
To construct a clinically actionable risk-stratification framework, we combined the 1-month post-discharge LDL-C target 
from the 2019 ESC/EAS dyslipidemia guidelines27 (attainment defined as LDL-C <1.4 mmol/L or ≥50% reduction from 
baseline) with the optimal SII cutoff determined by ROC analysis. Across five SII measurement time points from the 
peri-procedural period to 1 month post-discharge, the 1-month SII provided the highest discrimination (AUC=0.76; 95% 
CI, 0.71–0.82; P<0.001; Figure 6A), and the Youden index identified an optimal cutoff of 676.6×109/L. Patients were 
first stratified by this SII cutoff (≤676.6×109/L: n=304; >676.6×109/L: n=183) and then by 1-month LDL-C target 
attainment, yielding four groups: both on-target (n=122), SII on-target only (n=182), LDL-C on-target only (n=69), and 
both off-target (n=114) (Figure 6B). This two-dimensional scheme offers a concise, clinically actionable, and easy-to- 
apply basis for subsequent prognostic comparisons and risk assessment.

Table 4 Time-Specific Hazard Ratios for LDL-C From a Fully Adjusted Cox Model 
with an LDL-C × Log(Time) Interaction

Time Since Index (months) HR (per +1 unit LDL-C) HR (per +IQR LDL-C)

3 1.496 1.411

6 1.928 1.753

12 2.485 2.178

Notes: HRs are derived from the fully adjusted Cox proportional hazards model (Model 3). Model 3 controls 
for baseline covariates, age, sex, smoking, hypertension, history of stroke or TIA, and the use of antidiabetic 
and antilipidemic medications. “+1 unit LDL-C” denotes a one-unit increase in LDL-C as coded in the dataset; 
IQR refers to the cohort-specific interquartile range. 
Abbreviations: LDL-C, low-density lipoprotein cholesterol; HR, hazard ratio; IQR, interquartile range; TIA, 
transient ischemic attack.

Table 5 C-Index Gains with Time-Dependent LDL-C 
and Adjustments

Model C-Index SE

Baseline Cox (no time-varying term) 0.83 0.017

Cox + time-varying LDL-C (Model 1) 0.835 0.016
Cox + time-varying LDL-C (Model 2) 0.837 0.016

Cox + time-varying LDL-C (Model 3) 0.847 0.017

Notes: The C-index quantified model discrimination. The baseline Cox 
model did not account for LDL-C non-proportional hazards. 
Subsequent models included a time-dependent interaction (LDL-C × 
log[time]) to address this. Model 1, baseline; Model 2, Model 1 + age 
and sex; Model 3, Model 2 + smoking status, drinking status, history of 
hypertension, history of stroke or TIA, and the use of antidiabetic and 
antilipidemic medications. 
Abbreviations: LDL-C, low-density lipoprotein cholesterol; TIA, tran
sient ischemic attack; C-index, concordance index; SE, standard error.
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Interaction Between SII and LDL-C
Building on the stratified analyses, we evaluated SII–LDL-C interaction on both the multiplicative and additive scales to 
ascertain whether synergy exists. A dose–response gradient in primary-outcome incidence was observed: dual target 
attainment 1.6% (2/122), LDL-C only not at target 9.9% (18/182), SII only not at target 20.3% (14/69), and both not at 
target 56.1% (64/114) (Supplementary Table S5). Schoenfeld residuals supported that the proportional hazards assumption 
held for the overall model (χ2 = 11.38, df = 6, P = 0.077; Supplementary Table S6). In multivariable Cox regression, the 
multiplicative interaction term was not significant (HR = 0.527, 95% CI 0.11–2.54; P = 0.425; Supplementary Table S7); 
likelihood ratio test χ2 = 0.718; P = 0.397. Nevertheless, adjusted hazards increased stepwise relative to the dual-attainment 
reference: SII on-target only, HR = 7.19 (1.67–31.0; P = 0.008); LDL-C on-target only, HR = 18.3 (4.14–80.6; P < 0.001); 
both off-target, HR = 69.2 (16.8–285.0; P < 0.0001; Figure 7). Although the limited events in the reference group widened 
some confidence intervals, both hazard ratios and crude rates increased monotonically, indicating a substantial cumulative 
risk effect of inadequate inflammation and lipid control. Consistent with this, additive-scale indices indicated significant 
synergy: RERI = 44.79 (95% CI 9.94–201.22), AP = 0.65 (95% CI 0.38–0.78), and SI = 2.91 (95% CI 1.64–5.09)(Table 6). 

Figure 4 Internal validation and performance assessment at τ = 11.5 months. 
Notes: (A) Calibration plot after linear recalibration: observed Kaplan–Meier risk versus mean predicted risk across risk groups, with 95% CI. (B) Optimism-corrected calibration 
after bootstrap validation (B = 300). (C) Discrimination summary showing Harrell’s C and Uno’s C at τ = 11.5 months. (D) Bootstrap distributions of C-indices (B = 300). Event 
times were truncated at 11.5 months with administrative censoring at 12.0 months. 
Abbreviations: τ, evaluation time horizon; B, number of bootstrap resamples; KM, Kaplan–Meier; CI, confidence interval.
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Figure 5 Dynamic changes in SII during the PPCI process and its association with adverse events. 
Notes: (A) SII (24 h before PPCI) in event vs non-event groups; (B) SII (24 h after PPCI) in event vs non-event groups; (C) SII (48 h after PPCI) in event vs non-event groups; 
(D) SII (before discharge) in event vs non-event groups; (E) SII (1 month after discharge) in event vs non-event groups; (F) SII (longitudinal trajectory across all time points) 
in event vs non-event groups. 
Abbreviations: SII, systemic immune-inflammation index; PPCI, primary percutaneous coronary intervention.

Figure 6 Prognostic stratification and temporal predictive value of SII in AMI after PPCI. 
Notes: (A) ROC curves of SII measured at different time points for predicting 1-year adverse events. (B) Flowchart for patient stratification based on 1-month post- 
discharge SII and LDL-C target attainment. 
Abbreviations: AMI, acute myocardial infarction; PPCI, primary percutaneous coronary intervention; SII, systemic immune-inflammation index; LDL-C, low-density 
lipoprotein cholesterol; AUC, area under the curve.
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At 12 months, estimated absolute risks were 14.3% for the dual-attainment group, 69.7% for SII only not at target, 55.8% 
for LDL-C only not at target, and 75.3% for both not at target (Supplementary Table S8), supporting synergistically 
amplified prognostic risk when both targets are unmet.

Clinical and Biochemical Characteristics Stratified by SII and LDL-C Target-Attainment 
Status
When stratified by SII and LDL-C target attainment, there were no significant between-group differences in baseline age, 
sex, length of stay, heart rate, or blood pressure (all P>0.05). Diabetes prevalence differed across groups (P=0.046), 
whereas hypertension and heart failure did not. Regarding medications, only CCBs use varied between groups (P=0.002); 
use of ACEIs, ARBs, and β-blockers showed no significant differences. For biochemical indices, UA, ALB, LDL-C, 
HDL-C, and SII all differed across groups (all P<0.05; Supplementary Table S9). Notably, the both off-target (Group 4) 
displayed the most adverse inflammatory–metabolic profile—highest SII and LDL-C together with the lowest HDL- 
C—and also the highest diabetes prevalence and CCBs use (all P<0.05;Supplementary Table S9), indicating an 
accumulation of systemic inflammatory and metabolic burden and a more unfavorable cardiovascular risk profile.

Kaplan–Meier Survival Analysis Stratified by SII and LDL-C Target Attainment
Kaplan–Meier event-free survival curves stratified by SII and LDL-C target attainment showed significant separation 
across the four groups (log-rank P < 0.0001): the dual target-attainment group had the highest 12-month event-free 
survival, the dual non-attainment group had the poorest prognosis, and single-target attainment groups were intermediate. 
These findings indicate that concomitant control of inflammatory status and lipid levels is associated with substantially 
improved survival, underscoring the importance of integrated risk-management strategies in patients with acute myo
cardial infarction (Figure 8).

Figure 7 Forest plot of hazard ratios by dual-target stratification. 
Notes: Group definitions: Group 1, both on-target; Group 2, SII on-target only; Group 3, LDL-C on-target only; Group 4, both off-target. Points show hazard ratios from 
a multivariable Cox mo horizontal bars indicate 95% confidence intervals; the vertical dashed line marks HR = 1. P values are from Wald tests. 
Abbreviations: SII, systemic immune-inflammation index; LDL-C, low-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval.
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Discussion
Among patients with AMI undergoing PPCI, we observed that at the 1-month post-discharge reassessment, strata defined by 
the combined control of the SII and LDL-C exhibited a clear absolute-risk gradient for 12-month clinical outcomes. Relative to 
either marker alone, the combined stratification yielded additional, clinically interpretable prognostic information—both on 
the additive scale (RERI, AP, and SI) and in between-group absolute-risk differences; the lack of statistical significance for 
interaction on the multiplicative scale does not preclude clinically meaningful joint effects. At 1 month, SII showed favorable 
discrimination (AUC ≈ 0.76), whereas the LDL-C–related risk appeared to increase over time, suggesting that subacute 
residual inflammation and medium- to long-term lipid burden may predominate in different temporal windows of risk. In view 
of the observational nature of this study, causal inferences should not be drawn from these associations.

Compared with prior studies, this work advances the literature on inflammatory markers and outcomes after AMI by 
proposing and validating a dual-target (“inflammation + lipids”) risk assessment strategy. Existing publications have 
widely reported associations between inflammatory indices—such as the SII and the neutrophil-to-lymphocyte ratio 
(NLR)—and adverse AMI outcomes; some have assessed SII at ≥6-month follow-up or compared multiple inflammatory 
markers within a common analytic framework.30–32 We did not conduct a head-to-head longitudinal comparison across 
multiple inflammatory indices (eg, SII, NLR, PLR); such comparative trajectory analyses will be addressed in future 
prospective work.Rather than repeating these baseline analyses, we contribute three innovations. First, we move beyond 
single-marker paradigms by introducing a four-quadrant dual-target stratification model, quantifying cumulative harm 
with additive interaction and absolute risk difference to enhance interpretability and clinical actionability. Second, we 
demonstrate temporal complementarity between SII and LDL-C: SII shows higher discriminative performance at 1 
month post-discharge, whereas the prognostic value of LDL-C strengthens with longer follow-up, thereby informing 
dynamic surveillance and prioritization of interventions.27,33 Third, we promote translation from discrimination to 
clinical decision-making by incorporating SII and LDL-C as continuous variables in follow-up templates and applying 
bootstrap resampling for internal validation to evaluate model performance and stability,thereby laying the groundwork 
for net-benefit assessments—including net reclassification improvement (NRI), integrated discrimination improvement 
(IDI), and decision-curve analysis (DCA)—to support stepwise clinical implementation.34–36 We note that heterogeneity 
and potential bias in endpoint definitions, threshold selection, and covariate adjustment persist across existing studies; 
therefore, external validation and model calibration remain prerequisites for broader adoption of this strategy.Our study 
profiles SII longitudinally at prespecified time points and integrates SII with LDL-C for risk stratification.

Mechanistically, our findings align with a pathophysiological framework of reciprocal amplification between immunity and 
lipids:17,37 inflammatory activation promotes LDL oxidation and phagocytic uptake by macrophages,38 augments platelet 

Table 6 Additive Interaction 
Between SII and LDL-C on the 
Relative-Risk Scale

Measure Estimate 95% CI

RERI 44.79 9.94–201.22

AP 0.65 0.38–0.78
SI 2.91 1.64–5.09

Notes: Estimates derived from an adjusted Cox 
proportional hazards model and interpreted as 
relative risks (HR≈RR). Covariates included TG, 
hs-TnT, NT-proBNP. 
Abbreviations: SII, systemic immune- 
inflammation index; LDL-C, low-density lipopro
tein cholesterol; CI, confidence interval; TG, tri
glycerides; hs-TnT, high-sensitivity troponin T; NT- 
proBNP, N-terminal pro-B-type natriuretic pep
tide; HR, hazard ratio; RR, relative risk; RERI, 
relative excess risk due to interaction; AP, attribu
table proportion; SI, synergy index.
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reactivity,39 and worsens endothelial dysfunction,40 whereas cholesterol burden within the vascular wall sustains inflammation 
and a prothrombotic milieu,40 together fostering an adverse immunothrombotic microenvironment.41 Despite the rapid reperfu
sion afforded by PPCI, inflammatory resolution may follow a nonlinear trajectory;41 early post-discharge inflammatory burden 
and subsequent lipid-driven atherosclerotic activity may sequentially dominate risk trajectories, providing biological plausibility 
for temporally distinct risk phenotypes (requiring further confirmation in mechanistic studies and interventional trials).

Clinical application: a two-pronged strategy.(1) Set dichotomized targets (on-target vs off-target) for SII and LDL-C at 
the 1-month post-discharge visit. If only LDL-C is off-target, intensify lipid-lowering therapy and strengthen adherence 
support. If only SII is off-target, perform a systematic work-up for inflammatory sources (eg, infection, periodontitis, 
obesity-related metabolic inflammation, smoking) and evaluate the appropriateness and safety of anti-inflammatory 
options. If both are off-target, assign the patient to a high-risk management pathway with medication optimization, lifestyle 
modification, inflammatory source control, and prioritized multidisciplinary care.(2) Continuous-variable pathway 
embedded in the EHR. Integrate SII and LDL-C as continuous variables into EHR-based follow-up templates with periodic 
reassessment; quantify net clinical benefit over current workflows using net reclassification improvement (NRI), integrated 
discrimination improvement (IDI), decision-curve analysis (DCA), and clinical impact curves (CIC); thresholds and 

Figure 8 Kaplan–Meier survival curves comparing four patient groups according to combined attainment of SII and LDL-C targets. 
Notes: Group definitions: Group 1, both on-target; Group 2, SII on-target only; Group 3, LDL-C on-target only; Group 4, both off-target. 
Abbreviations: SII, systemic immune-inflammation index; LDL-C, low-density lipoprotein cholesterol.
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models warrant external recalibration in independent cohorts.Note on the SII threshold. The SII cut-off used in this study (≤ 
676.6 × 109/L) was derived from an internal ROC analysis and intended primarily for within-cohort stratification; its 
external generalizability and the optimal cut-point require validation in independent populations.

This study neither prespecified nor conducted sex-stratified analyses or sex-by-marker (SII, LDL-C) interaction 
analyses; accordingly, the estimates reflect sex-combined averages and should not be assumed to apply equally to men 
and women. Future studies and external validations should prospectively register prespecified sex-stratified and sex-by- 
marker interaction analyses, use event-driven power calculations, and report sex-specific absolute risks and net clinical 
benefit to define the sex-specific applicability of this strategy.

This study anchors a clinically meaningful 1-month reassessment window, delineates longitudinal trajectories of the SII, 
applies LASSO for variable selection while explicitly modeling time-varying effects, and quantifies interaction on the additive 
scale together with absolute risk differences to enhance clinical interpretability. Model robustness is further supported by 
bootstrap resampling. Nevertheless, several limitations merit consideration. First, the single-center, retrospective design and 
the small number of events in the reference group constrain external validity and preclude causal inference. Second, Residual 
confounding may persist due to incomplete adjustment for treatment adherence and high-risk phenotypes (eg, cardiogenic 
shock). Third, approximating risk ratios with hazard ratios on the additive scale may bias estimates when events are not rare. 
Fourth, the SII cut point was derived from internal data, and the model— including LASSO-based selection—lacks external 
validation and recalibration, raising concern for overfitting. Fifth, the absence of repeated longitudinal measurements of SII 
and LDL-C and limited long-term follow-up precluded evaluation of long-term outcomes and cost-effectiveness. Looking 
ahead, multicenter prospective studies with richer longitudinal profiling, external validation and recalibration of thresholds/ 
models, and extended follow-up are needed to establish long-term outcomes and health-economic benefits.

Future work should proceed along three complementary axes: (1) in multicenter prospective cohorts, externally 
validate the four-quadrant risk-stratification strategy and perform threshold/model recalibration; (2) integrate treatment 
trajectories and repeated-measures data, applying joint and multi-state models together with time-dependent covariates to 
characterize the longitudinal coupling between SII and LDL-C, and quantify net clinical benefit using net NRI, IDI, and 
DCA; (3) in the dual non-attainment population, evaluate a structured, multi-component intervention (pharmacotherapy, 
lifestyle modification, control of inflammatory sources, adherence support) with embedded cost-effectiveness analysis 
and sex-stratified evaluation. Overall, the evidence chain is transitioning from association discovery to validation of 
actionable strategies; closing the loop will require both external validation and interventional trials.

Conclusions
Among AMI patients undergoing PPCI, combined control of the SII and LDL-C was associated with improved 12-month 
outcomes. Control of inflammation provided prognostic information incremental to lipid-lowering therapy, underscoring 
the importance of addressing residual inflammatory risk. These findings support integrating a dual-target strategy 
(inflammation and lipids) into secondary prevention, while prospective—ideally randomized—validation is needed 
before routine clinical implementation.
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