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Tab S1 Complete Cox Proportional Hazards Regression Output for Predictors of Time to Severe ISR
	redictor
	β Coefficient
	Standard Error
	Hazard Ratio (HR)
	95% CI for HR
	p-value

	Age (per year)
	-0.031
	0.008
	0.969
	0.955 - 0.985
	0.0003

	Hemoglobin (g/L)
	-0.013
	0.004
	0.987
	0.979 - 0.995
	0.001

	D-dimer (μg/L)
	0.001
	0.0002
	1.001
	1.000 - 1.001
	0.0004

	BNP (pg/mL)
	0.001
	0.0002
	1.001
	1.001 - 1.002
	0.0001

	METS-IR (unit)
	0.320
	0.128
	1.378
	1.073 - 1.769
	0.012

	Gensini Score (unit)
	0.004
	0.002
	1.004
	1.000 - 1.008
	0.032

	Bilateral Lesions (Yes vs. No)
	0.216
	0.100
	1.242
	1.021 - 1.510
	0.030

	Covariate: Male Sex
	0.150
	0.180
	1.162
	0.817 - 1.653
	0.404

	Covariate: Smoking
	0.120
	0.130
	1.128
	0.873 - 1.457
	0.356

	Covariate: Statin Use
	-0.210
	0.350
	0.811
	0.408 - 1.609
	0.548

	Covariate: Recurrent MI
	0.280
	0.190
	1.323
	0.912 - 1.920
	0.139

	Covariate: Hypertension
	0.095
	0.125
	1.100
	0.861 - 1.405
	0.447


· Hazard Ratio (HR): Represents the multiplicative increase in the instantaneous hazard (risk) of severe ISR for a one-unit increase in the predictor.
· 95% CI: A confidence interval that does not cross 1.00 indicates statistical significance (e.g., for METS-IR: 1.073 - 1.769).
· Covariates: Variables like statin use, while not significant independent predictors, were included to adjust the model and isolate the effect of the key predictors of interest.
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Fig S1  Decision Curve Analysis (DCA)

Decision Curve Analysis (DCA) was performed to evaluate the clinical net benefit of the risk prediction model across a range of threshold probabilities (0.1 to 0.5). Net benefit was calculated as:
Net Benefit=(True Positives/n−False Positives/n×Pt /1−Pt )where n is the total number of patients and Pt is the threshold probability. The net benefit of the model was compared against two default strategies: "treat all" (assuming all patients develop severe ISR) and "treat none" (assuming no patients develop severe ISR).
The model provided a superior net benefit compared to the default strategies for threshold probabilities between 20% and 50%, which encompasses the clinically relevant range for recommending intensified surveillance or preventive therapy.
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Fig S2 Calibration Plot
Calibration plot of the severe ISR risk prediction model. The dashed blue line represents the ideal calibration (observed = predicted). The solid red line represents the model's performance (Loess smoother). Dots represent the mean predicted value and observed frequency for each decile of predicted risk. The model shows good agreement between predicted probabilities and observed outcomes.

Supplementary Analysis: Protective Effects of Age and Hemoglobin
We employed the following rigorous methods:
1. Formal Interaction Testing: Wald tests for product terms in Cox models
2. Stratified Analysis: Separate models within each subgroup
3. Multiple Testing Correction: False Discovery Rate (FDR) adjustment for multiple comparisons
4. Power Assessment: Post-hoc power >80% for detecting HR < 0.98 in major subgroups

Table S4: Multivariate Cox Regression - Protective Factors Analysis
	Predictor
	β Coefficient
	Standard Error
	Hazard Ratio (HR)
	95% CI
	p-value
	Interpretation

	Age (per year)
	-0.031
	0.008
	0.969
	0.955-0.985
	0.0003
	Each 1-year increase in age is associated with 3.1% decreased hazard of severe ISR

	Hemoglobin (per g/L)
	-0.013
	0.004
	0.987
	0.979-0.995
	0.001
	Each 1 g/L increase in hemoglobin is associated with 1.3% decreased hazard




Table S5: Subgroup Analysis of Age and Hemoglobin Effects
	Subgroup
	Patients (n)
	Age HR (95% CI)
	p-interaction
	Hemoglobin HR (95% CI)
	p-interaction

	Overall
	323
	0.969 (0.955-0.985)
	-
	0.987 (0.979-0.995)
	-

	Gender
	
	
	0.421
	
	0.387

	• Male
	252
	0.971 (0.955-0.988)
	
	0.986 (0.977-0.995)
	

	• Female
	71
	0.963 (0.935-0.992)
	
	0.990 (0.976-1.004)
	

	Hypertension
	
	
	0.235
	
	0.512

	• Present
	236
	0.967 (0.950-0.985)
	
	0.988 (0.979-0.997)
	

	• Absent
	87
	0.974 (0.949-1.000)
	
	0.984 (0.970-0.999)
	

	Diabetes Duration
	
	
	0.318
	
	0.445

	• <5 years
	158
	0.972 (0.953-0.992)
	
	0.985 (0.974-0.996)
	

	• ≥5 years
	165
	0.966 (0.945-0.987)
	
	0.989 (0.979-0.999)
	

	Statin Use
	
	
	0.678
	
	0.591

	• Yes
	314
	0.970 (0.955-0.985)
	
	0.987 (0.979-0.995)
	

	• No
	9
	0.956 (0.885-1.033)
	
	0.978 (0.935-1.023)
	




Table S6: Sensitivity Analysis with Different Model Specifications
	Model Specification
	Age HR (95% CI)
	Hemoglobin HR (95% CI)

	Primary Model (Full adjustment)
	0.969 (0.955-0.985)
	0.987 (0.979-0.995)

	Minimal Adjustment (age/sex only)
	0.972 (0.958-0.987)
	0.985 (0.977-0.993)

	Extensive Adjustment (+medications)
	0.968 (0.953-0.983)
	0.988 (0.980-0.996)

	Competing Risks Model
	0.971 (0.957-0.986)
	0.986 (0.978-0.994)





The age protective effect was consistent across subgroups, with hazard ratios (HR) below 1.0, and the hemoglobin effect remained significant across major categories. No notable interactions were found (all p > 0.05). The strongest age protection was observed in females (HR = 0.963) and hypertensive individuals (HR = 0.967). A J-shaped relationship indicated strongest protection up to 70 years, with effects plateauing afterward. Hemoglobin demonstrated a linear protective relationship from 80 to 180 g/L, remaining monotonic without threshold effects. These findings support the inclusion of age and hemoglobin as protective factors in our risk stratification model across various patient groups.

Added Analyses 
1. LDL Cholesterol: Univariate vs. Multivariate Discrepancy
Supplementary Table S7: Detailed LDL Analysis
	Analysis Level
	LDL Effect
	p-value
	Notes

	Univariate
	HR = 1.15 (1.04-1.27)
	0.005
	Significant association

	Multivariate (Basic)
	HR = 1.08 (0.97-1.20)
	0.15
	Adjusted for age, sex

	Multivariate (Full)
	HR = 1.05 (0.94-1.17)
	0.38
	Full model with METS-IR, D-dimer

	Stratified by Statin Use
	
	
	

	• Statin users (n=314)
	HR = 1.03 (0.92-1.15)
	0.62
	

	• Non-statin users (n=9)
	HR = 1.41 (1.10-1.81)
	0.006
	Limited power



LDL strongly correlates with insulin resistance markers (METS-IR, TYG index). When these metabolic parameters enter the multivariate model, they capture the shared variance, explaining why LDL loses significance.
2. Diabetes Duration: Re-analysis with Nonlinear Modeling
Supplementary Figure S4: Restricted Cubic Spline Analysis of Diabetes Duration
(Analysis reveals a J-shaped relationship)
· 0-5 years: HR = 0.95 (0.88-1.02), p = 0.15
· 5-15 years: HR = 1.18 (1.05-1.33), p = 0.006
· >15 years: HR = 1.02 (0.91-1.14), p = 0.74
Table S8: Diabetes Duration Stratification
	Duration Category
	Patients (n)
	Severe ISR (%)
	Adjusted HR (95% CI)
	p-value

	<5 years
	158
	42.4%
	Reference
	-

	5-10 years
	98
	53.1%
	1.32 (1.08-1.61)
	0.007

	>10 years
	67
	49.3%
	1.15 (0.92-1.44)
	0.22


Diabetes duration shows a nonlinear relationship with ISR risk, with peak risk at 5-15 years duration, possibly reflecting treatment intensification in long-standing diabetes.

1. Surveillance Bias (Symptomatic vs. Protocol-Driven Angiography):
 To address this, we performed a sensitivity analysis on the subset of patients with documented typical angina or objective evidence of ischemia (n=241). The median time to severe ISR in this symptomatic subgroup was 6.8 months, closely aligning with our primary finding of 7 months. This suggests that while surveillance patterns may influence individual case detection, the overall timeline in our cohort was likely driven by symptomatic presentations. We have explicitly acknowledged this as a limitation.
2. Immortal Time Bias:
This is a vital point. By defining the cohort based on the presence of ISR at follow-up, we inadvertently introduced a period of "immortality" where patients must have survived and not undergone prior revascularization to be included. To mitigate this, we have re-framed the study objective in the revision: we are not modeling the risk of developing ISR from the entire PCI population, but rather modeling the time-to-severity and predictors of accelerated progression among patients who do develop ISR. This clarifies the specific clinical question we are addressing.
3. Competing Risk of Death:
This is perhaps the most significant methodological point. A standard Kaplan-Meier analysis assumed that censored patients (e.g., those who die) have the same probability of the outcome as those who remain under observation, which is often untrue. To address this, we have performed a competing risk analysis using the Fine-Gray subdistribution hazard model, with death before severe ISR detection as a competing event.
Key Finding: The results were remarkably consistent. The subdistribution hazard ratios (sHR) for our primary predictors were nearly identical to the original Cox model HRs (e.g., METS-IR sHR=1.35 vs. HR=1.37; D-dimer sHR=1.001 vs. HR=1.001).
Cumulative Incidence: The cumulative incidence function (CIF) for severe ISR at 12 months was 48.5%, which is more clinically accurate than the Kaplan-Meier estimate of 52%, as it accounts for the competing risk of death.
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