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Operational Definitions of CKM Syndrome Stages Used in the Present Study
Cardiovascular–Kidney–Metabolic (CKM) syndrome stages were classified according to the American Heart Association CKM framework, adapted for the variables available in the National Health and Nutrition Examination Survey (NHANES). Participants were assigned to the highest applicable CKM stage.
CKM Stage 0 (No CKM Risk Factors)
Participants were classified as CKM stage 0 if all of the following criteria were met:
· Body mass index (BMI) < 25 kg/m²
· Fasting plasma glucose < 100 mg/dL
· No self-reported diabetes
· No use of glucose-lowering medications
· Systolic blood pressure < 120 mmHg and diastolic blood pressure < 80 mmHg
· No self-reported hypertension
· No use of antihypertensive medications
· No use of lipid-lowering medications
· Estimated glomerular filtration rate (eGFR) ≥ 60 mL/min/1.73 m²
· Urine albumin-to-creatinine ratio (UACR) < 30 mg/g
· No history of cardiovascular disease (coronary heart disease, myocardial infarction, heart failure, or stroke)
CKM Stage 1 (Excess and/or Dysfunctional Adiposity)
Participants were classified as CKM stage 1 if they had excess adiposity but did not meet criteria for CKM stage 2 or higher.
Criteria included:
· BMI ≥ 25 kg/m² and/or
· Elevated waist circumference (≥102 cm in men or ≥88 cm in women)
In addition, participants were required to have:
· Fasting plasma glucose < 100 mg/dL
· No diabetes
· Blood pressure <120/80 mmHg
· No hypertension
· eGFR ≥60 mL/min/1.73 m²
· UACR <30 mg/g
· No history of cardiovascular disease
CKM Stage 2 (Metabolic Risk Factors and/or Chronic Kidney Disease)
Participants were classified as CKM stage 2 if they met one or more of the following criteria and had no clinical cardiovascular disease:
Dysglycemia or Diabetes
· Fasting plasma glucose 100–125 mg/dL, or
· Self-reported prediabetes, or
· HbA1c 5.7–6.4%, or
· Fasting plasma glucose ≥126 mg/dL, or
· Self-reported diabetes, or
· HbA1c ≥6.5%, or
· Use of glucose-lowering medications
Elevated Blood Pressure or Hypertension
· Systolic blood pressure ≥120 mmHg, or
· Diastolic blood pressure ≥80 mmHg, or
· Self-reported hypertension, or
· Use of antihypertensive medications
Dyslipidemia
· LDL cholesterol ≥130 mg/dL, or
· Triglycerides ≥150 mg/dL, or
· Use of lipid-lowering medications
Chronic Kidney Disease
· eGFR 30–59 mL/min/1.73 m², and/or
· UACR 30–300 mg/g
Advanced Kidney Disease
· eGFR 15–29 mL/min/1.73 m², and/or
· UACR >300 mg/g
Participants with clinical cardiovascular disease were not classified as stage 2.
CKM Stage 3 (Subclinical Cardiovascular Risk)
Because imaging-based measures of subclinical atherosclerotic cardiovascular disease were not consistently available across NHANES survey cycles, CKM stage 3 was defined using an adapted NHANES-based CKM classification approach.
Participants were classified as stage 3 if they met either of the following criteria:
· UACR ≥30 mg/g with preserved kidney function (eGFR ≥60 mL/min/1.73 m²), or
· High predicted cardiovascular risk based on the adapted CKM framework, including the presence of multiple major CKM risk factors and elevated age-related cardiovascular risk.
CKM Stage 4 (Clinical Cardiovascular Disease)
Participants were classified as CKM stage 4 if they had established cardiovascular disease, including:
· Coronary heart disease
· Myocardial infarction
· Stroke
· Heart failure
For the present study, participants with CKM stage 4 were excluded because the analysis focused on the association between HALP and mortality among individuals with early-stage CKM syndrome (stages 0–3).
Definitions of Specific Variables
Body Mass Index (BMI)
BMI was calculated as weight (kg) divided by height squared (m²) using measurements obtained during the NHANES mobile examination center (MEC) visit.
Blood Pressure
Blood pressure was measured by trained personnel using standardized NHANES procedures. The average of available systolic and diastolic blood pressure measurements was used.
For CKM staging, elevated blood pressure was defined as systolic blood pressure ≥120 mmHg or diastolic blood pressure ≥80 mmHg.
Estimated Glomerular Filtration Rate (eGFR)
eGFR was calculated using the 2021 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equation.
Urine Albumin-to-Creatinine Ratio (UACR)
UACR was calculated from spot urine albumin and urine creatinine measurements and expressed as mg/g.
Diabetes
Diabetes was defined as any of the following:
· Self-reported physician diagnosis of diabetes
· Use of insulin or oral hypoglycemic medications
· Fasting plasma glucose ≥126 mg/dL
· HbA1c ≥6.5%
Hypertension
For covariate adjustment, hypertension was defined as:
· Self-reported physician diagnosis of hypertension, or
· Use of antihypertensive medications, or
· Systolic blood pressure ≥130 mmHg, or
· Diastolic blood pressure ≥80 mmHg
Dyslipidemia
Dyslipidemia was defined as any of the following:
· LDL cholesterol ≥130 mg/dL
· HDL cholesterol <40 mg/dL in men or <50 mg/dL in women
· Triglycerides ≥150 mg/dL
· Use of lipid-lowering medications
HALP Score
The hemoglobin, albumin, lymphocyte, and platelet (HALP) score was calculated as:
HALP = Hemoglobin × Albumin × Lymphocyte Count ÷ Platelet Count
where hemoglobin and albumin reflect nutritional status, lymphocyte count reflects immune status, and platelet count reflects inflammatory and thrombotic activity.

