	CKM stages
	AHA Definitions of CKM Syndrome Stages
	Threshold for CKM conditions

	Stages 0
	Individuals with normal BMI and waist circumference, normoglycemia, normotension, a normal lipid profile, and no evidence of CKD or subclinical or clinical CVD
	All criteria are met：
1. BMI < 25 kg/m²
2. Waist circumference < 88 cm (female) / < 102 cm (male)
3. Glucose < 100 mg/dL
AND HbA1c < 5.7% (if available)
AND ICD diabetes = 0
4. ICD hypertension = 0
5. Triglycerides < 150 mg/dL
AND HDL ≥40 mg/dL (male) / ≥ 50 mg/dL (female)
6. ICD ckd = 0
AND eGFR ≥ 60 mL/min/1.73 m² (if available)
7. Subclinical HF negative:
  NT-proBNP < 125 pg/mL (if available)
  troponin T < 0.014 ng/mL (female) / < 0.022 ng/mL (male) (if available)
  troponin I < 0.010 ng/mL (female) / < 0.012 ng/mL (male) (if available)
AND ICD hf = 0
8. ICD cvd = 0

	Stages 1
	Individuals with overweight/obesity, abdominal obesity, or dysfunctional adipose tissue, without the presence of other metabolic risk factors or CKD 
BMI ≥25 kg/m2 (or ≥23 kg/m2 if Asian ancestry),
Waist circumference ≥88/102 cm in women/ men (or if Asian ancestry ≥80/90 cm in women/ men), or  
Fasting blood glucose ≥100–124 mg/dL or HbA1c between 5.7% and 6.4%
	Any of the three criteria is met:
A. Excess or Dysfunctional Adiposity (any one):
1. BMI ≥ 25 kg/m²
2. Waist circumference ≥ 88 cm (female) / ≥ 102 cm (male)
3. Prediabetes:
 Glucose ≥ 100 mg/dL and ≤ 124 mg/dL
 OR hba1c ≥ 5.7 % and ≤ 6.4 % (if available)
B. No other metabolic risk factors or CKD (none of):
1. ICD hypertension = 1
2. ICD diabetes = 1
3. Triglycerides ≥ 135 mg/dL
4. ICD mets = 1
5. ICD ckd = 1

	Stages 2
	Individuals with metabolic risk factors:
hypertriglyceridemia[≥135mg/dL]
hypertension
MetS
Diabetes
CKD
	Any of the five criteria is met:
1.ICD hypertension = 1
2.ICD diabetes = 1
3. Triglycerides ≥ 135 mg/dL
4.ICD mets = 1
5.ICD ckd = 1
6.ICD clinical cvd = 0

	Stages 3
	Subclinical ASCVD or subclinical HF among individuals with excess/dysfunctional adiposity, other metabolic risk factors, or CKD 
  Subclinical ASCVD to be principally diagnosed by coronary artery calcification (subclinical atherosclerosis by coronary catheterization/CT angiography also meets criteria) 
  Subclinical HF diagnosed by elevated cardiac biomarkers (NT-proBNP ≥125 pg/mL, hs-troponin T ≥14 ng/L for women and ≥22 ng/L for men, hstroponin I ≥10 ng/L for women and ≥12 ng/L for men) or by echocardiographic parameters, with a combination of the 2 indicating highest HF risk. 
Risk equivalents of subclinical CVD
 Very high-risk CKD (stage G4 or G5 CKD or very high risk per    KDIGO classification)
   High predicted 10-y CVD risk
	All of the criteria is met:
1. Presence of CKM risk background (any one):
 Stages 1 = 1
 OR Stages 2 = 1
 OR ICD ckd = 1
2. Presence of subclinical CVD or risk equivalent (any one):
a. Subclinical HF:
 ICD hf = 0 (no clinical HF)
 AND one of:
 NT-proBNP ≥ 125 pg/mL
 troponin T ≥ 0.014 ng/mL (female) / ≥ 0.022 ng/mL (male) (if available)
 troponin I≥ 0.010 ng/mL (female) / ≥ 0.012 ng/mL (male) (if available)
b. Very high-risk CKD:
  very high risk ckd flag = 1 (KDIGO G4/G5)
3. No clinical CVD:
 ICD clinical cvd = 0

	Stages 4
	Clinical CVD (coronary heart disease, HF, stroke, peripheral artery disease, atrial fibrillation) among individuals with excess/dysfunctional adiposity, other CKM risk factors, or CKD
  Stage 4a: no kidney failure 
  Stage 4b: kidney failure present
	All of the criteria is met:
1.Presence of Clinical CVD:
ICD clinical cvd = 1
2.Presence of CKM risk background (any one):
is_ckm_stage1_met = 1
OR is_ckm_stage2_met = 1
OR ICD hypertension = 1
OR ICD diabetes = 1
OR first admission triglycerides ≥ 135 mg/dL
OR mets flag = 1
OR ICD ckd = 1
OR is_ckm_stage3_met = 1
3.Kidney failure stratification:
a. Stage 4a: no kidney failure 
b. Stage 4b: kidney failure present 



Supplementary Table S1. Operationalization of the 2023 American Heart Association (AHA) Criteria for Cardiovascular-Kidney-Metabolic (CKM) Syndrome Staging in the MIMIC-IV Database.
This table provides the detailed, rule-based classification protocol used to define and stage CKM syndrome in the MIMIC-IV database. The left column presents the original criteria as outlined in the 2023 AHA scientific statement. The right column details the corresponding operational definitions, including the specific International Classification of Diseases (ICD) codes, laboratory value thresholds, and logical operators (e.g., AND, OR, ANY OF) applied to the MIMIC-IV data.
Notes and Abbreviations:
ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic; CT, computed tomography; CVD, cardiovascular disease; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; HF, heart failure; hs-troponin, high-sensitivity troponin; KDIGO, Kidney Disease Improving Global Outcomes; MetS, metabolic syndrome; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
* Individuals with gestational diabetes should receive intensified screening for impaired glucose tolerance after pregnancy.
† MetS is defined by the presence of 3 or more of the following: (1) waist circumference ≥88 cm for women and ≥102 cm for men (≥80 cm for women and ≥90 cm for men if Asian ancestry); (2) HDL cholesterol <40 mg/dL for men and <50 mg/dL for women; (3) triglycerides ≥150 mg/dL; (4) elevated blood pressure (systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥80 mm Hg and/or use of antihypertensive medications); and (5) fasting blood glucose ≥100 mg/dL.



	Variable
	Model 1
	Model 2
	Model 3

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	28-Day Mortality
	
	
	
	
	
	

	T2 vs T1
	1.25 (1.18, 1.34)
	< 0.001
	1.22 (1.14, 1.30)
	< 0.001
	1.01 (0.95, 1.08)
	0.677

	T3 vs T1
	1.89 (1.78, 2.00)
	< 0.001
	1.86 (1.75, 1.97)
	< 0.001
	1.21 (1.13, 1.29)
	< 0.001

	180-Day Mortality
	
	
	
	
	
	

	T2 vs T1
	1.23 (1.17, 1.29)
	< 0.001
	1.19 (1.14, 1.25)
	< 0.001
	1.07 (1.02, 1.12)
	0.006

	T3 vs T1
	1.82 (1.75, 1.91)
	< 0.001
	1.79 (1.71, 1.87)
	< 0.001
	1.28 (1.22, 1.35)
	< 0.001


Supplementary Table S2. Sensitivity Analysis: Association between Glycemic Variability and Mortality using a Random Forest-Imputed Dataset.
Model 1: Unadjusted.
Model 2: Adjusted for age, gender, and race.
Model 3: Fully adjusted for age, gender, and race (from Model 2), plus the following baseline covariates: Severity of illness scores (Sequential Organ Failure Assessment [SOFA], Oxford Acute Severity of Illness Score [OASIS], Glasgow Coma Scale [GCS], Charlson Comorbidity Index); Comorbidities (hypertension, diabetes, chronic obstructive pulmonary disease, heart failure, stroke, sepsis); Vital signs (minimum mean arterial pressure, maximum heart rate, maximum respiratory rate, maximum temperature); Laboratory values (first measurement of hemoglobin, white blood cell count, platelets, creatinine, lactate, PO2, PCO2, potassium, sodium, chloride, calcium, pH); and Interventions (use of insulin, mechanical ventilation, renal replacement therapy, and vasopressors).
Abbreviations: CI, confidence interval; HR, hazard ratio.


	Variable
	Model 1
	Model 2
	Model 3

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	90-Day Mortality
	
	
	
	
	
	

	T2 vs T1
	1.27 (1.20, 1.33)
	< 0.001
	1.23 (1.17, 1.30)
	< 0.001
	1.09 (1.03, 1.15)
	0.002

	T3 vs T1
	1.89 (1.80, 1.98)
	< 0.001
	1.86 (1.77, 1.95)
	< 0.001
	1.32 (1.25, 1.39)
	< 0.001

	365-Day Mortality
	
	
	
	
	
	

	T2 vs T1
	1.20 (1.15, 1.26)
	< 0.001
	1.17 (1.12, 1.22)
	< 0.001
	1.07 (1.03, 1.12)
	0.001

	T3 vs T1
	1.78 (1.70, 1.85)
	< 0.001
	1.74 (1.67, 1.82)
	< 0.001
	1.29 (1.24, 1.35)
	< 0.001


Supplementary Table S3. Sensitivity Analysis: Association of Glycemic Variability Tertiles with 90-day and 365-day Mortality.
Model 1: Unadjusted.
Model 2: Adjusted for age, gender, and race.
Model 3: Fully adjusted for age, gender, and race (from Model 2), plus the following baseline covariates: Severity of illness scores (Sequential Organ Failure Assessment [SOFA], Oxford Acute Severity of Illness Score [OASIS], Glasgow Coma Scale [GCS], Charlson Comorbidity Index); Comorbidities (hypertension, diabetes, chronic obstructive pulmonary disease, heart failure, stroke, sepsis); Vital signs (minimum mean arterial pressure, maximum heart rate, maximum respiratory rate, maximum temperature); Laboratory values (first measurement of hemoglobin, white blood cell count, platelets, creatinine, lactate, PO2, PCO2, potassium, sodium, chloride, calcium, pH); and Interventions (use of insulin, mechanical ventilation, renal replacement therapy, and vasopressors).
Abbreviations: CI, confidence interval; HR, hazard ratio.
