Formula for calculating GFR,
Chronic Kidney Disease Epidemiology Collaboration(CKD-EPI):
GFR = 141 × min(Scr/κ, 1)α × max(Scr/κ, 1)^ − 1.209 × 0.993^Age × 1.018 [if female] × 1.159 [if black people], where Scr is serum creatinine, κ is 0.7 for females and 0.9 for males, α is −0.329 for females and −0.411 for males. The min function indicates the minimum of Scr/κ or 1, and the max function indicates the maximum of Scr/κ or 1.
Supplementary Table 1. Diagnostic Criteria for CMD.
	Disease
	Diagnostic Criteria

	Hypertension
	1. Previously diagnosed by a physician.

	
	2. Average systolic blood pressure ≥ 130 mmHg or average diastolic blood pressure ≥ 80 mmHg.

	
	3. Currently undergoing antihypertensive treatment.

	Diabetes
	1. Previously diagnosed by a physician.

	
	2. HbA1c ≥ 6.5%.

	
	3. Currently using antidiabetic medication or insulin therapy.

	Coronary Artery Disease
	Self-reported clinical diagnosis

	stroke
	Self-reported clinical diagnosis


Supplementary Table 2. Assessment of multicollinearity among covariates using variance inflation factor (VIF) analysis.
	Variable
	VIF

	Age
	2.548999773416174

	Gender
	1.7967535772484386

	Race
	1.1204656747243977

	Education level
	1.3231896035478687

	Marital status
	1.134803271229774

	PIR
	1.3213873457715326

	Drinking status
	1.1504173562585045

	Smoking status
	1.1364259801354413

	eGFR
	2.250606539124771

	MET
	1.0715164605664351

	Energy intake
	1.2037484257684294

	UA
	1.6075549940512779

	TG
	1.4382118394026513

	TC
	1.3219671629541712

	HDL
	1.6435943463191


PIR: Poverty Income Ratio, eGFR: estimated glomerular filtration rate, MET: Metabolic Equivalent of Task, UA: Uric Acid, TG: Triglycerides, TC: Total Cholesterol, HDL: High-Density Lipoprotein.
Supplementary Table 3. Various machine learning parameters.
	Models
	Hyperparameters

	Logistic
	NULL

	SVM
	sigma = c(0.1,0.01,0.001), C = c(0.1,0.5)

	GBM
	n.trees = 100, interaction.depth = c(2,3),shrinkage = c(0.1,0.01), n.minobsinnode = 5

	Neural Network
	size = c(3:5),decay = 0.6

	RandomForest
	mtry = c(2:5)

	Xgboost
	nrounds = 10,max_depth = c(3:5),eta = c(0.1,0.01,0.001),gamma = 0.5,colsample_bytree = 0.5,min_child_weight = 1,subsample = 0.6

	KNN
	kmax = c(3:15) ,distance = 1,kernel = "optimal"

	Adaboost
	mfinal = 2,maxdepth = c(2:5),coeflearn = "Zhu"

	LightGBM
	min_data = 1L, learning_rate = 1.0, num_threads = 2L

	CatBoost
	ignored_features = c(4,9), border_count = 32,depth = 5, learning_rate = 0.03


Supplementary Table 4. The baseline characteristics of NHANES participants classified by SHR quartiles.
	Characteristics
	Total (0.93)
	Q1(< 0.85)
	Q2(0.86-0.91)
	Q3(0.92-0.98)
	Q4(> 0.99)
	P-value

	Age, years
	47.91 ± 17.22
	49.28 ± 16.94
	47.70 ± 17.32
	46.77 ± 17.24
	47.90 ± 17.30
	<0.001

	Gender
	
	
	
	
	
	<0.001

	Male
	6592 (53.69%)
	1379 (44.92%)
	1484 (48.39%)
	1723 (56.11%)
	2006 (65.32%)
	

	Female
	5687 (46.31%)
	1691 (55.08%)
	1583 (51.61%)
	1348 (43.89%)
	1065 (34.68%)
	

	Race
	
	
	
	
	
	<0.001

	Mexican American
	1856 (15.12%)
	394 (12.83%)
	437 (14.25%)
	520 (16.93%)
	505 (16.44%)
	

	Other Hispanic
	946 (7.70%)
	210 (6.84%)
	249 (8.12%)
	253 (8.24%)
	234 (7.62%)
	

	Non-Hispanic White
	6093 (49.62%)
	1241 (40.42%)
	1565 (51.03%)
	1618 (52.69%)
	1669 (54.35%)
	

	Non-Hispanic Black
	2298 (18.71%)
	955 (31.11%)
	530 (17.28%)
	391 (12.73%)
	422 (13.74%)
	

	Other Race
	1086 (8.84%)
	270 (8.79%)
	286 (9.33%)
	289 (9.41%)
	241 (7.85%)
	

	Education level
	
	
	
	
	
	<0.001

	Under high school
	2469 (20.11%)
	658 (21.43%)
	553 (18.03%)
	581 (18.92%)
	677 (22.04%)
	

	High school or equivalent
	2848 (23.19%)
	752 (24.50%)
	676 (22.04%)
	729 (23.74%)
	691 (22.50%)
	

	Above high school
	6962 (56.70%)
	1660 (54.07%)
	1838 (59.93%)
	1761 (57.34%)
	1703 (55.45%)
	

	Marital status
	
	
	
	
	
	<0.001

	Married/Living with partner
	7623 (62.08%)
	1821 (59.32%)
	1915 (62.44%)
	1943 (63.27%)
	1944 (63.30%)
	

	Divorced/Separated/Widowed
	2386 (19.43%)
	682 (22.21%)
	602 (19.63%)
	556 (18.10%)
	546 (17.78%)
	

	Never married
	2270 (18.49%)
	567 (18.47%)
	550 (17.93%)
	572 (18.63%)
	581 (18.92%)
	

	Drinking status
	
	
	
	
	
	<0.001

	Never
	1400 (11.40%)
	445 (14.50%)
	350 (11.41%)
	303 (9.87%)
	302 (9.83%)
	

	Former
	1899 (15.47%)
	540 (17.59%)
	455 (14.84%)
	446 (14.52%)
	458 (14.91%)
	

	Now
	8980 (73.13%)
	2085 (67.92%)
	2262 (73.75%)
	2322 (75.61%)
	2311 (75.25%)
	

	Smoking status
	
	
	
	
	
	<0.001

	Never
	6521 (53.11%)
	1648 (53.68%)
	1634 (53.28%)
	1683 (54.80%)
	1556 (50.67%)
	

	Former
	3157 (25.71%)
	700 (22.80%)
	794 (25.89%)
	769 (25.04%)
	894 (29.11%)
	

	Now
	2601 (21.18%)
	722 (23.52%)
	639 (20.83%)
	619 (20.16%)
	621 (20.22%)
	

	PIR
	2.73 ± 1.64
	2.59 ± 1.62
	2.79 ± 1.63
	2.73 ± 1.65
	2.79 ± 1.65
	<0.001

	eGFR, ml/min/1.73m2
	95.42 ± 22.06
	94.74 ± 22.89
	95.44 ± 22.01
	96.20 ± 21.49
	95.29 ± 21.83
	0.074

	MET
	3681.91 ± 6006.10
	3637.56 ± 5928.55
	3468.65 ± 5802.43
	3695.44 ± 6027.82
	3925.70 ± 6250.39
	0.028

	Energy intake, Kcal
	2187.13 ± 998.45
	2102.45 ± 953.15
	2153.90 ± 993.33
	2233.35 ± 1021.66
	2258.77 ± 1016.88
	<0.001

	UA, mg/dL
	5.52 ± 1.40
	5.39 ± 1.42
	5.43 ± 1.38
	5.54 ± 1.35
	5.70 ± 1.40
	<0.001

	TG, mg/dL
	129.95 ± 117.62
	118.89 ± 92.73
	124.06 ± 101.99
	125.41 ± 86.22
	151.44 ± 168.13
	<0.001

	TC, mg/dL
	194.36 ± 41.54
	196.46 ± 42.79
	195.69 ± 40.97
	193.56 ± 39.83
	191.73 ± 42.35
	<0.001

	HDL, mg/dL
	53.78 ± 15.90
	55.97 ± 16.17
	54.81 ± 15.85
	53.00 ± 15.61
	51.32 ± 15.58
	<0.001

	CMM
	
	
	
	
	
	<0.001

	No
	10508 (85.58%)
	2634 (85.80%)
	2776 (90.51%)
	2712 (88.31%)
	2386 (77.69%)
	

	Yes
	1771 (14.42%)
	436 (14.20%)
	291 (9.49%)
	359 (11.69%)
	685 (22.31%)
	


PIR: Poverty Income Ratio, eGFR: estimated glomerular filtration rate, MET: Metabolic Equivalent of Task, UA: Uric Acid, TG: Triglycerides, TC: Total Cholesterol, HDL: High-Density Lipoprotein, SHR: Stress Hyperglycemia Ratio, CMM: Cardiometabolic Multimorbidity.
Supplementary Table 5. Threshold effect analysis of the SHR index for CMM based on a two-segment linear regression model.
	Characteristics
	Adjusted OR (95% CI)

	Fitting by the standard linear model
	22.131 (10.688, 45.823) 

	Inflection point
	 0.841

	SHR index < 0.841
	0.001 (0.000, 0.004) 

	SHR index > 0.841
	116.890 (70.086, 194.951) 

	P for Log-likelihood ratio
	<0.001


OR:odd ratio, CI:confidence interval. Adjusted for age, gender, race, education level, marital status, PIR, Drinking status, Smoking status, eGFR, MET, energy intake, UA, TG, TC and HDL.
Supplementary Table 6. Relationship between SHR with BMI and WC.
	Characteristics
	β
	95% CI
	p-value

	BMI
	
	
	

	Model 1
	1.943
	1.078, 2.809
	<0.001

	Model 2
	2.960
	2.091, 3.828
	<0.001

	Model 3
	1.775
	0.995, 2.554
	<0.001

	WC
	
	
	

	Model 1
	10.043
	7.922, 12.165
	<0.001

	Model 2
	8.512
	6.426, 10.598
	<0.001

	Model 3
	5.526
	3.675, 7.377
	<0.001


BMI: Body Mass Index, WC: Waist Circumference, CI: confidence interval. Adjusted for age, gender, race, education level, marital status, PIR, Drinking status, Smoking status, eGFR, MET, energy intake, UA, TG, TC and HDL.
Supplementary Table 7. Relationship between BMI and WC with CMM.
	Characteristics
	OR
	95% CI
	p-value

	BMI
	
	
	

	Model 1
	1.084
	1.074, 1.095
	<0.001

	Model 2
	1.119
	1.105, 1.134
	<0.001

	Model 3
	1.098
	1.083, 1.114
	<0.001

	WC
	
	
	

	Model 1
	1.048
	1.043, 1.052
	<0.001

	Model 2
	1.055
	1.049, 1.061
	<0.001

	Model 3
	1.047
	1.041, 1.053
	<0.001


BMI: Body Mass Index, WC: Waist Circumference, OR: odd ratio, CI: confidence interval. Adjusted for age, gender, race, education level, marital status, PIR, Drinking status, Smoking status, eGFR, MET, energy intake, UA, TG, TC and HDL.
Supplementary Table 8. Mediating effects of BMI and WC on the relationship between SHR and CMM.
	Characteristics
	Mediation effect (95% CI), P value

	
	Total effect
	Indirect effect
	Direct effect
	Mediation

	BMI
	0.033(0.026, 0.039)  <0.001
	0.002 (0.001,0.003) <0.001
	0.031 (0.025, 0.037) <0.001
	6.26%

	WC
	0.033(0.026, 0.039)  <0.001
	0.003 (0.002,0.004) <0.001
	0.03(0.024,0.036) <0.001
	9.44%


BMI: Body Mass Index, WC: Waist Circumference.
Supplementary Table 9. The baseline characteristics of NHANES participants classified by training and validation sets.
	Characteristics
	Total (n = 12279)
	Training set (n = 8596)
	Validation set (n = 3683)
	P-value

	Age, years
	47.91 ± 17.22
	47.81 ± 17.24
	48.14 ± 17.18
	0.279

	Gender
	
	
	
	0.913

	Male
	6592 (53.69%)
	4612 (53.65%)
	1980 (53.76%)
	

	Female
	5687 (46.31%)
	3984 (46.35%)
	1703 (46.24%)
	

	Race
	
	
	
	0.052

	Mexican American
	1856 (15.12%)
	1322 (15.38%)
	534 (14.50%)
	

	Other Hispanic
	946 (7.70%)
	629 (7.32%)
	317 (8.61%)
	

	Non-Hispanic White
	6093 (49.62%)
	4276 (49.74%)
	1817 (49.33%)
	

	Non-Hispanic Black
	2298 (18.71%)
	1630 (18.96%)
	668 (18.14%)
	

	Other Race
	1086 (8.84%)
	739 (8.60%)
	347 (9.42%)
	

	Education level
	
	
	
	0.436

	Under high school
	2469 (20.11%)
	1710 (19.89%)
	759 (20.61%)
	

	High school or equivalent
	2848 (23.19%)
	2018 (23.48%)
	830 (22.54%)
	

	Above high school
	6962 (56.70%)
	4868 (56.63%)
	2094 (56.86%)
	

	Marital status
	
	
	
	0.344

	Married/Living with partner
	7623 (62.08%)
	5332 (62.03%)
	2291 (62.20%)
	

	Divorced/Separated/Widowed
	2386 (19.43%)
	1650 (19.19%)
	736 (19.98%)
	

	Never married
	2270 (18.49%)
	1614 (18.78%)
	656 (17.81%)
	

	Drinking status
	
	
	
	0.553

	Never
	1400 (11.40%)
	994 (11.56%)
	406 (11.02%)
	

	Former
	1899 (15.47%)
	1339 (15.58%)
	560 (15.20%)
	

	Now
	8980 (73.13%)
	6263 (72.86%)
	2717 (73.77%)
	

	Smoking status
	
	
	
	0.045

	Never
	6521 (53.11%)
	4628 (53.84%)
	1893 (51.40%)
	

	Former
	3157 (25.71%)
	2188 (25.45%)
	969 (26.31%)
	

	Now
	2601 (21.18%)
	1780 (20.71%)
	821 (22.29%)
	

	PIR
	2.73 ± 1.64
	2.73 ± 1.64
	2.73 ± 1.65
	0.991

	eGFR, ml/min/1.73m2
	95.42 ± 22.06
	95.39 ± 22.07
	95.47 ± 22.05
	0.842

	MET
	3681.91 ± 6006.10
	3684.92 ± 6008.47
	3674.88 ± 6001.40
	0.804

	Energy intake, Kcal
	2187.13 ± 998.45
	2182.01 ± 984.14
	2199.09 ± 1031.13
	0.522

	UA, mg/dL
	5.52 ± 1.40
	5.52 ± 1.39
	5.51 ± 1.40
	0.638

	TG, mg/dL
	129.95 ± 117.62
	128.33 ± 113.74
	133.74 ± 126.15
	0.167

	TC, mg/dL
	194.36 ± 41.54
	193.92 ± 41.05
	195.38 ± 42.63
	0.195

	HDL, mg/dL
	53.78 ± 15.90
	53.78 ± 15.85
	53.77 ± 16.01
	0.98

	SHR
	0.93 ± 0.13
	0.93 ± 0.13
	0.93 ± 0.13
	0.181

	CMM
	
	
	
	0.029

	No
	10508 (85.58%)
	7418 (86.30%)
	3090 (83.90%)
	

	Yes
	1771 (14.42%)
	1178 (13.70%)
	593 (16.10%)
	


PIR: Poverty Income Ratio, eGFR: estimated glomerular filtration rate, MET: Metabolic Equivalent of Task, UA: Uric Acid, TG: Triglycerides, TC: Total Cholesterol, HDL: High-Density Lipoprotein, CMM: Cardiometabolic Multimorbidity.
Supplementary Table 10. Predictor variables of CMM using different selection methods.
	Methods
	Predictor variables

	Univariate regression
	Gender, Race, Education level, Marital status, Drinking status, Smoking status, UA, TG, TC, HDL, SHR, Age, PIR, eGFR, MET, Energy intake, BMI, WC

	Multivariate regression
	Gender, Race, Drinking status, Smoking status, TG, TC, HDL, SHR, Age, PIR, eGFR, Energy intake, WC

	LASSO
	Race, Education level, Drinking status, UA, TG, TC, HDL, SHR, Age, PIR, eGFR, Energy intake, WC

	Boruta
	Race, Education level, Drinking status, UA, TG, TC, HDL, SHR, Age, PIR, eGFR, Energy intake, WC

	Intersection Variables
	Age, Drinking status, Energy intake, HDL, PIR, Race, SHR, TC, TG, WC, eGFR


LASSO: Least Absolute Shrinkage and Selection Operator, PIR: Poverty Income Ratio, eGFR: estimated glomerular filtration rate, MET: Metabolic Equivalent of Task, UA: uric acid, TG: Triglycerides, TC: Total Cholesterol, HDL: High-Density Lipoprotein, SHR: Stress Hyperglycemia Ratio, BMI: Body Mass Index, WC: Waist Circumference.
Supplementary Table 11. Univariate and multivariate analysis of variables in training set.
	Characteristics
	Description
	Non-CMM (n=7356)
	CMM (n=1240)
	OR (univariable)
	OR (multivariable)

	Gender
	Male
	3957 (53.8%)
	730 (58.9%)
	
	

	
	Female
	3399 (46.2%)
	510 (41.1%)
	0.81 (0.72-0.92, p<0.001)
	1.29 (1.06-1.56, p=0.011)

	Race
	Mexican American
	1133 (15.4%)
	175 (14.1%)
	
	

	
	Other Hispanic
	574 (7.8%)
	100 (8.1%)
	1.13 (0.86-1.47, p=0.374)
	1.11 (0.82-1.52, p=0.499)

	
	Non-Hispanic White
	3665 (49.8%)
	588 (47.4%)
	1.04 (0.87-1.25, p=0.682)
	0.71 (0.56-0.89, p=0.003)

	
	Non-Hispanic Black
	1293 (17.6%)
	290 (23.4%)
	1.45 (1.18-1.78, p<0.001)
	2.02 (1.56-2.60, p<0.001)

	
	Other Race
	691 (9.4%)
	87 (7%)
	0.82 (0.62-1.07, p=0.144)
	1.58 (1.14-2.19, p=0.006)

	Education level
	Under high school
	1418 (19.3%)
	340 (27.4%)
	
	

	
	High school or equivalent
	1659 (22.6%)
	313 (25.2%)
	0.79 (0.66-0.93, p=0.005)
	0.98 (0.80-1.22, p=0.887)

	
	Above high school
	4279 (58.2%)
	587 (47.3%)
	0.57 (0.49-0.66, p<0.001)
	0.85 (0.69-1.03, p=0.098)

	Marital status
	Married/Living with partner
	4571 (62.1%)
	789 (63.6%)
	
	

	
	Divorced/Separated/Widowed
	1311 (17.8%)
	358 (28.9%)
	1.58 (1.38-1.82, p<0.001)
	0.88 (0.74-1.05, p=0.158)

	
	Never married
	1474 (20%)
	93 (7.5%)
	0.37 (0.29-0.46, p<0.001)
	0.78 (0.59-1.02, p=0.066)

	Drinking status
	Never
	792 (10.8%)
	186 (15%)
	
	

	
	Former
	998 (13.6%)
	317 (25.6%)
	1.35 (1.10-1.66, p=0.004)
	0.92 (0.72-1.19, p=0.534)

	
	Now
	5566 (75.7%)
	737 (59.4%)
	0.56 (0.47-0.67, p<0.001)
	0.77 (0.62-0.97, p=0.029)

	Smoking status
	Never
	3966 (53.9%)
	556 (44.8%)
	
	

	
	Former
	1743 (23.7%)
	483 (39%)
	1.98 (1.73-2.26, p<0.001)
	1.13 (0.95-1.34, p=0.168)

	
	Now
	1647 (22.4%)
	201 (16.2%)
	0.87 (0.73-1.03, p=0.112)
	1.30 (1.05-1.60, p=0.016)

	UA
	Mean ± SD
	5.5 ± 1.4
	5.9 ± 1.5
	1.28 (1.23-1.34, p<0.001)
	1.02 (0.97-1.09, p=0.420)

	TG
	Mean ± SD
	126.5 ± 117.0
	160.1 ± 133.6
	1.00 (1.00-1.00, p<0.001)
	1.00 (1.00-1.00, p<0.001)

	TC
	Mean ± SD
	196.2 ± 40.9
	188.3 ± 47.2
	1.00 (0.99-1.00, p<0.001)
	0.99 (0.99-0.99, p<0.001)

	HDL
	Mean ± SD
	54.3 ± 16.0
	50.0 ± 15.2
	0.98 (0.98-0.99, p<0.001)
	0.99 (0.99-1.00, p=0.010)

	SHR
	Mean ± SD
	0.92 ± 0.12
	0.96 ± 0.19
	8.74 (5.71-13.37, p<0.001)
	10.81 (6.57-17.79, p<0.001)

	Age
	Mean ± SD
	45.5 ± 16.6
	63.2 ± 12.4
	1.07 (1.07-1.08, p<0.001)
	1.08 (1.07-1.08, p<0.001)

	PIR
	Mean ± SD
	2.8 ± 1.7
	2.6 ± 1.6
	0.93 (0.89-0.96, p<0.001)
	0.93 (0.89-0.98, p=0.008)

	eGFR
	Mean ± SD
	97.9 ± 20.5
	80.4 ± 23.9
	0.96 (0.96-0.97, p<0.001)
	0.99 (0.99-1.00, p=0.013)

	MET
	Mean ± SD
	3769.7 ± 6146.4
	2865.2 ± 5019.1
	1.00 (1.00-1.00, p<0.001)
	1.00 (1.00-1.00, p=0.569)

	Energy intake
	Mean ± SD
	2227.8 ± 1014.6
	1931.7 ± 901.0
	1.00 (1.00-1.00, p<0.001)
	1.00 (1.00-1.00, p=0.002)

	BMI
	Mean ± SD
	28.2 ± 6.2
	31.3 ± 6.9
	1.07 (1.06-1.08, p<0.001)
	0.99 (0.96-1.01, p=0.304)

	WC
	Mean ± SD
	96.6 ± 15.3
	107.6 ± 15.4
	1.04 (1.04-1.05, p<0.001)
	1.05 (1.04-1.06, p<0.001)


PIR: Poverty Income Ratio, eGFR: estimated glomerular filtration rate, MET: Metabolic Equivalent of Task, UA: uric acid, TG: Triglycerides, TC: Total Cholesterol, HDL: High-Density Lipoprotein, SHR: Stress Hyperglycemia Ratio, BMI: Body Mass Index, WC: Waist Circumference.
Supplementary Table 12. Comparison of area under the curves of machine-learning models using the DeLong's test.
	
	Logistic
	SVM
	GBM
	Neural Network
	RandomForest
	Xgboost
	KNN
	Adaboost
	LightGBM
	CatBoost

	Logistic
	/
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	0.413
	<0.001

	SVM
	/
	/
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	0.009
	0.011

	GBM
	/
	/
	/
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	Neural Network
	/
	/
	/
	/
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	RandomForest
	/
	/
	/
	/
	/
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	Xgboost
	/
	/
	/
	/
	/
	/
	<0.001
	<0.001
	<0.001
	0.001

	KNN
	/
	/
	/
	/
	/
	/
	/
	<0.001
	<0.001
	<0.001

	Adaboost
	/
	/
	/
	/
	/
	/
	/
	/
	<0.001
	<0.001

	LightGBM
	/
	/
	/
	/
	/
	/
	/
	/
	/
	<0.001

	CatBoost
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/


Supplementary Table 13. Association between SHR and CMM in the unweighted model.
	Characteristics
	Model 1 OR (95% CI)
	Model 2 OR (95% CI)
	Model 3   OR (95% CI)

	Continuous SHR
	9.841 (6.886, 14.064) <0.001
	17.727 (11.904, 26.396) <0.001
	13.793 (9.141, 20.813) <0.001

	SHR index quartiles
	
	
	

	Q1
	1[Ref]
	1[Ref]
	1[Ref]

	Q2
	0.633 (0.541, 0.741) <0.001
	0.713 (0.601, 0.846) 0.001
	0.707 (0.592, 0.844) 0.002

	Q3
	0.800 (0.689, 0.929) 0.003
	1.015 (0.860, 1.197) 0.865
	1.009 (0.849, 1.198) 0.921

	Q4
	1.734 (1.520, 1.980) <0.001
	2.394 (2.057, 2.787) <0.001
	2.274 (1.940, 2.664) <0.001

	P for trend
	<0.001
	<0.001
	<0.001


SHR: Stress Hyperglycemia Ratio, CMM: Cardiometabolic Multimorbidity, OR: odd ratio, CI: confidence interval. Model 1: Unadjusted for any covariates. Model 2: Adjusted for age, gender, and race. Model 3: Adjusted for age, gender, race, education level, marital status, PIR, Drinking status, Smoking status, eGFR, MET, energy intake, UA, TG, TC and HDL.
Supplementary Table 14. Association between SHR and CMM after multiple interpolation.
	Characteristics
	Model 1 OR (95% CI)
	Model 2 OR (95% CI)
	Model 3   OR (95% CI)

	Continuous SHR
	10.275 (6.714, 15.724) <0.001
	15.362 (9.569, 24.663) <0.001
	12.166 (7.562, 19.575) <0.001

	SHR index quartiles
	
	
	

	Q1
	1[Ref]
	1[Ref]
	1[Ref]

	Q2
	0.562 (0.489, 0.647) <0.001
	0.654 (0.568, 0.753) 0.001
	0.702 (0.603, 0.816) 0.002

	Q3
	0.654 (0.578, 0.740) <0.001
	0.857 (0.740, 0.991) 0.039
	0.869 (0.747, 1.010) 0.071

	Q4
	1.581 (1.393, 1.795)  <0.001
	2.216 (1.912, 2.569) <0.001
	2.173 (1.868, 2.527) <0.001

	P for trend
	<0.001
	<0.001
	<0.001


SHR: Stress Hyperglycemia Ratio, CMM: Cardiometabolic Multimorbidity, OR: odd ratio, CI: confidence interval. Model 1: Unadjusted for any covariates. Model 2: Adjusted for age, gender, and race. Model 3: Adjusted for age, gender, race, education level, marital status, PIR, Drinking status, Smoking status, eGFR, MET, energy intake, UA, TG, TC and HDL.
Supplementary Table 15. Association between SHR and CMM-DM.
	Characteristics
	Model 1 OR (95% CI)
	Model 2 OR (95% CI)
	Model 3   OR (95% CI)

	Continuous SHR
	2.640 (1.031, 6.762)  0.045
	2.856 (1.253, 6.512) 0.014
	2.405 (1.088, 5.315) 0.032

	SHR index quartiles
	
	
	

	Q1
	1[Ref]
	1[Ref]
	1[Ref]

	Q2
	0.780 (0.568, 1.073) 0.129
	0.885 (0.618, 1.268) 0.506
	0.961 (0.671, 1.377) 0.829

	Q3
	0.971 (0.721, 1.307) 0.846
	1.161 (0.831, 1.622) 0.383
	1.246 (0.892, 1.741) 0.199

	Q4
	1.120 (0.819, 1.532) 0.479
	1.285 (0.900, 1.836) 0.170
	1.304 (0.919, 1.850)  0.139

	P for trend
	0.227
	0.071
	0.064


SHR: Stress Hyperglycemia Ratio, CMM-DM: remove diabetes from the cardiometabolic multimorbidity in the diagnostic criteria, OR: odd ratio, CI: confidence interval. Model 1: Unadjusted for any covariates. Model 2: Adjusted for age, gender, and race. Model 3: Adjusted for age, gender, race, education level, marital status, PIR, Drinking status, Smoking status, eGFR, MET, energy intake, UA, TG, TC and HDL.
Supplementary Table 16. Association Between SHR and CMM Stratified by Diabetes Status.
	Characteristics
	Model 1 OR (95% CI)
	Model 2 OR (95% CI)
	Model 3   OR (95% CI)

	Diabetic Group
	0.996 (0.634, 1.564) 0.985
	1.429 (0.868, 2.351) 0.161
	1.476 (0.876, 2.485) 0.143

	Non-Diabetic Group
	0.961 (0.247, 3.745) 0.954
	3.244 (0.624, 16.866) 0.164
	4.523 (1.765, 16.230) 0,046


SHR: Stress Hyperglycemia Ratio, CMM: Cardiometabolic Multimorbidity, OR: odd ratio, CI: confidence interval. Model 1: Unadjusted for any covariates. Model 2: Adjusted for age, gender, and race. Model 3: Adjusted for age, gender, race, education level, marital status, PIR, Drinking status, Smoking status, eGFR, MET, energy intake, UA, TG, TC and HDL.
Supplementary Table 17. The baseline characteristics of CHARLS participants classified by CMM.
	Characteristics
	Total (n = 8267)
	Non-CMM(n = 7437)
	CMM(n = 830)
	P-value

	Age, years
	59.62 ± 9.36
	59.32 ± 9.39
	62.28 ± 8.70
	<0.001

	Gender
	
	
	
	0.041

	Male
	3833 (46.37%)
	3476 (46.74%)
	357 (43.01%)
	

	Female
	4434 (53.63%)
	3961 (53.26%)
	473 (56.99%)
	

	Education level
	
	
	
	0.005

	Under high school
	7454 (90.17%)
	6714 (90.28%)
	740 (89.16%)
	

	High school or equivalent
	718 (8.69%)
	647 (8.70%)
	71 (8.55%)
	

	Above high school
	95 (1.15%)
	76 (1.02%)
	19 (2.29%)
	

	Marital status
	
	
	
	0.02

	Married/Living with partner
	6893 (83.38%)
	6228 (83.74%)
	665 (80.12%)
	

	Divorced/Separated/Widowed
	1316 (15.92%)
	1156 (15.54%)
	160 (19.28%)
	

	Never married
	58 (0.70%)
	53 (0.71%)
	5 (0.60%)
	

	Drinking status
	
	
	
	<0.001

	Never
	4845 (58.61%)
	4315 (58.02%)
	530 (63.86%)
	

	Former
	888 (10.74%)
	769 (10.34%)
	119 (14.34%)
	

	Now
	2534 (30.65%)
	2353 (31.64%)
	181 (21.81%)
	

	Smoking status
	
	
	
	<0.001

	Never
	5041 (60.98%)
	4509 (60.63%)
	532 (64.10%)
	

	Former
	742 (8.98%)
	625 (8.40%)
	117 (14.10%)
	

	Now
	2484 (30.05%)
	2303 (30.97%)
	181 (21.81%)
	

	eGFR, ml/min/1.73m2
	91.56 ± 14.90
	92.23 ± 14.44
	85.53 ± 17.33
	<0.001

	UA, mg/dL
	4.44 ± 1.25
	4.41 ± 1.23
	4.72 ± 1.36
	<0.001

	TG, mg/dL
	130.69 ± 103.33
	126.95 ± 98.04
	164.18 ± 137.80
	<0.001

	TC, mg/dL
	194.68 ± 38.63
	194.03 ± 38.20
	200.47 ± 41.80
	<0.001

	HDL, mg/dL
	51.40 ± 15.28
	51.99 ± 15.28
	46.15 ± 14.30
	<0.001

	SHR
	1.05 ± 0.22
	1.05 ± 0.22
	1.09 ± 0.26
	<0.001


eGFR: estimated glomerular filtration rate, UA: uric acid, TG: Triglycerides, TC: Total Cholesterol, HDL: High-Density Lipoprotein, SHR: Stress Hyperglycemia Ratio, CMM: Cardiometabolic Multimorbidity.
Supplementary Table 18. The association between SHR and CMM in CHARLS.
	Characteristics
	Model 1 OR (95% CI)
	Model 2 OR (95% CI)
	Model 3   OR (95% CI)

	Continuous SHR
	2.043 (1.539, 2.711) <0.001
	2.005 (1.505, 2.671) <0.001
	1.389 (1.026, 1.880) 0.033

	SHR index quartiles
	
	
	

	Q1
	1[Ref]
	1[Ref]
	1[Ref]

	Q2
	0.976 (0.784, 1.216) 0.830
	0.990 (0.794, 1.235) 0.931
	0.951 (0.760, 1.189) 0.659

	Q3
	1.299 (1.055, 1.599) 0.014
	1.328 (1.078, 1.637) 0.008
	1.242 (1.004, 1.537) 0.046

	Q4
	1.539 (1.258, 1.884) <0.001
	1.543 (1.259, 1.890)  <0.001
	1.238 (1.001, 1.530) 0.048

	P for trend
	<0.001
	<0.001
	0.008


SHR: Stress Hyperglycemia Ratio, CMM: Cardiometabolic Multimorbidity, OR: odd ratio, CI: confidence interval. Model 1: Unadjusted for any covariates. Model 2: Adjusted for age, gender. Model 3: Adjusted for age, gender, education level, marital status, Drinking status, Smoking status, eGFR, UA, TG, TC and HDL.
Supplementary Table 19. Threshold effect analysis of the SHR index for CMM based on a two-segment linear regression model in CHARLS. 
	Characteristics
	Adjusted OR (95% CI)

	Fitting by the standard linear model
	1.389 (1.026, 1.880) 

	Inflection point
	0.8

	SHR index < 0.8
	0.203 (0.011, 3.776)  

	SHR index > 0.8
	1.457 (1.067, 1.990) 

	P for Log-likelihood ratio
	0.221


OR:odd ratio, CI:confidence interval. Adjusted for age, gender. Model 3: Adjusted for age, gender, education level, marital status, Drinking status, Smoking status, eGFR, UA, TG, TC and HDL.
Supplementary Table 20. Mediating effects of BMI and WC on the relationship between SHR and CMM.
	Characteristics
	Mediation effect (95% CI), P value

	
	Total effect
	Indirect effect
	Direct effect
	Mediation

	BMI
	0.015(0.01, 0.021)  <0.001
	0.00001 (-0.000001,0.002) 0.224
	0.016 (0.01 0.021) <0.001
	0.02%

	WC
	0.015(0.01, 0.021)  <0.001
	0.002 (0.001,0.003) 0.002
	0.014(0.008,0.019) <0.001
	10.26%


BMI: Body Mass Index, WC: Waist Circumference.

Figure S1. Flowchart of the study in CHARLS.
[bookmark: _GoBack]Figure S2. (A) Binomial deviance plot against log(λ) showing the optimal λ selection via cross-validation. (B) Coefficient paths for each variable across different values of log(λ) in the Lasso regression model. Ten-fold cross-validation was performed on the training set to determine the optimal shrinkage parameter that minimized the binomial deviance.
Figure S3. Feature selection process based on the Boruta algorithm. We set the maximum number of runs to 100 to ensure convergence.
Figure S4. Bar plots illustrating the feature importance scores for various machine learning models: (A) Logistic Regression, (B) Support Vector Machine (SVM), (C) Gradient Boosting Machine (GBM), (D) Neural Network, (E) Random Forest, (F) XGBoost, (G) K-Nearest Neighbors (KNN), (H) Adaboost, (I) LightGBM, and (J) CatBoost. Each plot shows the relative importance of key features in predicting the outcome.
Figure S5. Confusion matrices for various models: (A) Logistic Regression, (B) Support Vector Machine, (C) Gradient Boosting Machine, (D) Neural Network, (E) Random Forest, (F) XGBoost, (G) K-Nearest Neighbors, (H) Adaboost, (I) LightGBM, and (J) CatBoost. The matrices display the true positive, false positive, true negative, and false negative rates, along with the corresponding percentages for each model's predictions.
Figure S6. (A) Relationship between stress hyperglycemia ratio and cardiometabolic multimorbidity with smoothed curve and 95% confidence intervals in CHARLS. (B) Forest plot showing odds ratios and 95% confidence intervals for subgroup analyses in CHARLS, including age, gender, eGFR, drinking, and smoking status.
Figure S7. Analysis of the mediating role of waist circumference on the relationship between stress hyperglycemia ratio and cardiometabolic multimorbidity in CHARLS.

