	Variable
	Miss.freq
	Miss.percentage%

	Age
	0
	0

	Alcohol consumption
	4779
	10.018

	ALT
	239
	0.501

	Anti-diabetic
	48
	0.1006

	Anti-hyperlipidemic
	48
	0.1006

	AST
	257
	0.5387

	BMI
	822
	1.7231

	Cancer or malignancy
	44
	0.0922

	eGFR
	155
	0.3249

	Education level
	67
	0.1404

	Race/ethnicity
	0
	0

	Hemoglobin
	85
	0.1782

	Hypertension
	11
	0.0231

	Hyperuricemia
	165
	0.3459

	Liver condition
	92
	0.1929

	Marital status
	434
	0.9098

	Physical activity
	13300
	27.8803

	Poverty income ratio
	4176
	8.754

	Gender
	0
	0

	Smoking status
	43
	0.0901


Supplementary Table 1.Details of missing data patterns
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	44
	0.0922
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	0.1404

	Race/ethnicity
	0
	0

	Hemoglobin
	85
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	Hypertension
	11
	0.0231

	Hyperuricemia
	165
	0.3459

	Liver condition
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	Marital status
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	Physical activity
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	4176
	8.754

	Gender
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	Smoking status
	43
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Supplementary Table 2. Characteristics of participants stratified by HbA1c/HDL‑C ratio thresholds (inflection points from segmented regression)
	Variable
	≤3.26
(n=9788)
	3.26–6.24
(n=31408)
	>6.24
(n=6508)
	P-value

	HbA1c/HDL‑C ratio
	2.74 (2.73, 2.75)
	4.48 (4.46, 4.49)
	7.88 (7.82, 7.94)
	<0.001

	Age, years
	47.47 (46.93, 48.00)
	46.80 (46.43, 47.17)
	50.54 (50.00, 51.09)
	<0.001

	Poverty income ratio
	3.29 (3.23, 3.36)
	2.97 (2.92, 3.03)
	2.65 (2.58, 2.71)
	<0.001

	BMI, kg/m²
	25.33 (25.18, 25.48)
	29.30 (29.18, 29.42)
	32.49 (32.23, 32.75)
	<0.001

	ALT, U/L
	21.86 (21.42, 22.30)
	25.54 (25.29, 25.79)
	32.80 (31.47, 34.13)
	<0.001

	AST, U/L
	25.37 (24.96, 25.78)
	24.71 (24.51, 24.90)
	27.55 (26.95, 28.16)
	<0.001

	Physical activity, min/week·MET
	3089.59 (2925.05, 3254.12)
	3534.04 (3392.30, 3675.77)
	3621.15 (3374.57, 3867.73)
	<0.001

	eGFR, mL/min/1.73 m²
	94.59 (93.90, 95.29)
	94.06 (93.53, 94.58)
	90.58 (89.85, 91.32)
	<0.001

	Hemoglobin, g/dL
	13.93 (13.88, 13.97)
	14.40 (14.36, 14.44)
	14.67 (14.60, 14.73)
	<0.001

	Gender,  (%)
	
	
	
	<0.001

	Female
	73.78 (72.58, 74.95)
	47.11 (46.45, 47.78)
	28.98 (27.76, 30.23)
	

	Male 
	26.22 (25.05, 27.42)
	52.89 (52.22, 53.55)
	71.02 (69.77, 72.24)
	

	Race/ethnicity,  (%)
	
	
	
	<0.001

	Non‑Hispanic White
	73.57 (71.69, 75.37)
	68.02 (65.86, 70.09)
	64.08 (61.07, 66.98)
	

	Non‑Hispanic Black
	11.21 (10.03, 12.51)
	10.50 (9.47, 11.64)
	9.89 (8.76, 11.16)
	

	Mexican American
	5.00 (4.37, 5.70)
	8.75 (7.68, 9.95)
	10.87 (9.13, 12.90)
	

	Other Hispanic
	4.19 (3.55, 4.95)
	5.82 (4.95, 6.82)
	7.25 (6.01, 8.71)
	

	Other race
	6.03 (5.37, 6.77)
	6.92 (6.31, 7.58)
	7.91 (6.88, 9.08)
	

	Education level,  (%)
	
	
	
	<0.001

	Less than high school
	12.05 (11.10, 13.06)
	17.65 (16.74, 18.60)
	25.73 (24.09, 27.44)
	

	High school or equivalent
	20.03 (18.96, 21.15)
	25.03 (24.16, 25.91)
	26.35 (24.64, 28.12)
	

	College or above
	67.92 (66.25, 69.54)
	57.32 (56.00, 58.63)
	47.93 (45.82, 50.03)
	

	Marital status,  (%)
	
	
	
	<0.001

	Married/cohabiting
	61.15 (59.60, 62.68)
	64.09 (63.10, 65.06)
	67.34 (65.81, 68.84)
	

	Widowed/divorced/separated
	20.16 (19.09, 21.27)
	18.14 (17.52, 18.77)
	19.10 (17.88, 20.39)
	

	Never married
	18.69 (17.36, 20.09)
	17.78 (16.89, 18.70)
	13.55 (12.40, 14.79)
	

	Smoking status,  (%)
	
	
	
	<0.001

	Never
	57.23 (55.92, 58.52)
	53.92 (52.89, 54.95)
	43.92 (42.23, 45.63)
	

	Former
	24.70 (23.48, 25.96)
	24.42 (23.67, 25.20)
	28.36 (26.98, 29.78)
	

	Current
	18.07 (17.02, 19.17)
	21.65 (20.86, 22.47)
	27.71 (26.18, 29.30)
	

	Alcohol consumption,  (%)
	
	
	
	<0.001

	Never
	9.32 (8.42, 10.30)
	11.87 (10.97, 12.84)
	12.61 (11.30, 14.05)
	

	Mild
	35.05 (33.58, 36.54)
	36.70 (35.59, 37.82)
	33.53 (31.56, 35.55)
	

	Moderate
	24.10 (22.85, 25.39)
	15.54 (14.94, 16.17)
	10.53 (9.41, 11.76)
	

	Heavy
	22.83 (21.62, 24.08)
	20.86 (19.98, 21.77)
	19.91 (18.49, 21.42)
	

	Former
	8.71 (8.04, 9.43)
	15.03 (14.20, 15.90)
	23.42 (21.81, 25.11)
	

	Comorbidities,  (%)
	
	
	
	

	Hypertension
	30.38 (29.12, 31.68)
	36.98 (36.13, 37.83)
	52.82 (51.05, 54.58)
	<0.001

	Cancer or malignancy
	9.91 (9.22, 10.65)
	9.23 (8.79, 9.68)
	9.86 (8.87, 10.94)
	0.180

	Liver condition
	3.12 (2.69, 3.62)
	3.33 (3.05, 3.65)
	5.74 (4.95, 6.66)
	<0.001

	Hyperuricemia
	10.79 (10.06, 11.56)
	20.85 (20.17, 21.54)
	29.66 (27.90, 31.48)
	<0.001

	Chronic kidney disease
	12.31 (11.50, 13.16)
	13.38 (12.82, 13.95)
	26.59 (25.05, 28.18)
	<0.001

	Diabetes mellitus
	8.27 (7.66, 8.91)
	18.19 (17.52, 18.87)
	54.13 (52.47, 55.78)
	<0.001

	Hyperlipidemia
	56.11 (54.79, 57.41)
	72.06 (71.19, 72.91)
	97.90 (97.39, 98.30)
	<0.001

	Cardiovascular diseases,  (%)
	
	
	
	

	Any cardiovascular disease
	5.63 (5.11, 6.20)
	8.61 (8.20, 9.04)
	17.27 (15.97, 18.64)
	<0.001

	Congestive heart failure
	1.34 (1.12, 1.60)
	2.19 (2.00, 2.39)
	5.80 (5.11, 6.57)
	<0.001

	Coronary heart disease
	1.72 (1.45, 2.04)
	3.46 (3.17, 3.78)
	7.71 (6.87, 8.66)
	<0.001

	Angina
	1.20 (0.99, 1.45)
	2.48 (2.25, 2.72)
	5.26 (4.47, 6.18)
	<0.001

	Heart attack
	1.82 (1.54, 2.15)
	3.38 (3.12, 3.66)
	7.92 (7.06, 8.88)
	<0.001

	Stroke
	2.29 (1.97, 2.65)
	2.72 (2.52, 2.95)
	5.30 (4.71, 5.96)
	<0.001

	Medications,  (%)
	
	
	
	

	Anti‑hyperlipidemic medication
	9.96 (9.23, 10.75)
	16.14 (15.46, 16.85)
	29.69 (28.06, 31.39)
	<0.001

	Anti‑diabetic medication
	1.09 (0.90, 1.32)
	6.11 (5.76, 6.48)
	32.08 (30.62, 33.58)
	<0.001

































Supplementary Table 3.Sensitivity analysis: Associations of HbA1c/HDL ratio with CVD based on complete-case data.
	Variable
	Model 1
	Model 2
	Model 3
	Model 4

	Continuous (per unit change)
	1.24 (1.20, 1.27)
	1.22 (1.19, 1.26)
	1.14 (1.10, 1.17)
	1.08 (1.05, 1.12)

	HbA1c/HDL quartiles
	
	
	
	

	Q1 (lowest)
	Reference
	Reference
	Reference
	Reference

	Q2
	1.24 (1.03, 1.50)
	1.34 (1.08, 1.65)
	1.16 (0.93, 1.44)
	1.06 (0.85, 1.33)

	Q3
	1.80 (1.50, 2.15)
	1.94 (1.59, 2.37)
	1.51 (1.22, 1.86)
	1.28 (1.03, 1.58)

	Q4 (highest)
	3.01 (2.56, 3.55)
	3.09 (2.55, 3.74)
	2.04 (1.66, 2.51)
	1.61 (1.29, 2.00)

	P for trend
	<0.001
	<0.001
	<0.001
	<0.001






Supplementary Table 4. Stratified 10-fold cross-validated discriminative performance of age, sex, and the HbA1c/HDL-C ratio and its individual components for prevalent CVD
	Model
	AUC (95% CI)
	ΔAUC vs HbA1c alone
	ΔAUC vs Age+sex

	Panel A. Single-marker models
	
	
	

	HbA1c alone
	67.49% (65.88–69.04)
	0
	

	HDL‑C alone
	56.11% (53.77–58.04)
	−11.38%
	

	HbA1c/HDL‑C ratio alone
	61.37% (59.34–62.91)
	−6.12%
	

	Panel B. Multivariable models (age and sex adjusted)
	
	
	

	Age + sex
	80.12% (78.72–81.81)
	
	0

	Age + sex + HbA1c
	80.74% (79.37–82.31)
	
	+0.62%

	Age + sex + HDL‑C
	80.69% (79.30–82.09)
	
	+0.57%

	Age + sex + HbA1c/HDL‑C ratio
	81.15% (79.81–82.74)
	
	+1.03%




	
Additional methods:
Threshold Effect or Saturation Effect Analysis
To analyze potential threshold or saturation effects, we use the following approach:
RCS Fitting: Initially, we fit an RCS curve to examine if the independent variable partitions into distinct intervals.
Segmented Regression: We then apply segmented regression (piece-wise regression) by fitting separate line segments to each interval.
Log-likelihood Ratio Test: To establish the presence of a threshold, we compare a single-line (non-segmented) model to a segmented regression model using a log-likelihood ratio test. The existence of a threshold is supported if the segmented model has a higher likelihood.
Inflection Point Determination: The model that provides the maximum likelihood determines the inflection point connecting the segments. This is identified through a two-step recursive method:
[bookmark: _GoBack]Step 1: We narrow down the inflection point using a 10 percentile range of the independent variable. From 5% to 95%, incrementing by 5%, we test 19 segmented regression models with each percentile point as the potential inflection point. The model with the highest likelihood among these determines the initial inflection range, defining Kmin​ and Kmax​.
Step 2: We further refine the inflection point within the Kmin​ andKmax​ range using a recursive method. This involves:
Running three models with inflection points at the 25th percentile (Q1), 50th percentile (Q2), and 75th percentile (Q3) within the Kmin​ to Kmax​ range.
Identifying which quartile point yields the model with the highest likelihood and updating  Kmin​ and  Kmax​ to a narrower range of ±25% of this quartile point.
Repeating this process to halve the range until the exact value of the independent variable that serves as the inflection point is identified, maximizing the segmented model's likelihood.

