Table S1 Hyperparameters of eight models
	Model
	Hyperparameter

	LR
	none

	DT
	cp = seq (0.001, 0.01, by = 0.001)

	RF
	mtry = c (1:2), nodesize= 10, max_depth= “3” 

	KNN
	kmax = seq (5, 20, by = 5), distance = 2, kernel= c(“rectangular”)

	SVM
	kernel = “radial”, gamma = 10^ (-3:1), cost = 10^ (-1:3)

	NNET
	hidden = hidden_layers, linear.output = FALSE

	XGBoost
	eta = c (0.1), max_depth = c (2), nrounds= c (50)

	LightGBM
	num_leaves = c (15), max_depth = c (1), learning_rate = c (0.1), n_estimators = c (50), min_data_in_leaf = c (30), lambda_l1 = c (1), lambda_l2 = c (1)


Note: LR: Logistic regression; DT: Decision tree; RF: Random forest; KNN: K-nearest neighbor; SVM: Support vector machine; NNET: Neural network; XGBoost: Extreme gradient boosting; LightGBM: Light gradient boosting machine















Table S2 Demographic characteristics, vital sign measurements, and laboratory data with the percentage of missing data
	Variables
	Training set
	Percentage of missing data, %
	External validation set
	Percentage of missing data, %

	Sleeplessness/insomnia
	1204
	0
	360
	0

	Alcohol drinker status
	1204
	0
	360
	0

	Sex
	1204
	0
	360
	0

	Smoking status
	1204
	0
	360
	0

	Current tobacco smoking
	1204
	0
	360
	3.60%

	Ever smoked
	1204
	1.70%
	360
	0

	Age
	1204
	0
	360
	0

	Sleep duration
	1204
	0
	360
	0

	HDL
	1204
	16%
	360
	0

	LDL
	1204
	8.30%
	360
	0

	SBP
	1204
	5.30%
	360
	0

	DBP
	1204
	5.60%
	360
	0

	Total cholesterol
	1204
	8.30%
	360
	0

	TG
	1204
	17%
	360
	0

	Number of people living in household
	1204
	70%a
	360
	-

	Bipolar and major depression status
	1204
	76% a
	360
	-


NOTE: a: Due to missing data exceeding 30%, we did not include the variables “number of people living in the household” and “bipolar and major depression status” in the analysis. HDL: high density lipoprotein; LDL: low density lipoprotein; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglycerides.

Table S3 The selection results of the variables by using univariable logistic regression and multivariable logistic regression
	
	
	Development set
	
	

	Variables
	desc
	0 (N=759)
	1 (N=84)
	OR (univariable)
	OR (multivariable)

	Sleeplessness insomnia
	Never
	152 (19.9%)
	18 (21.2%)
	
	

	
	Sometimes
	364 (48%)
	36 (43.5%)
	0.80 (0.44-1.44, p=.453)
	

	
	Usually
	243 (32.1%)
	30 (35.3%)
	0.94 (0.50-1.73, p=.832)
	

	Alcohol drinker status
	Never
	33 (4.2%)
	3 (3.5%)
	
	

	
	Previous
	43 (5.7%)
	9 (11.8%)
	2.48 (0.63-9.75, p=.193)
	

	
	Current
	683 (90.1%)
	72 (84.7%)
	1.09 (0.33-3.67, p=.883)
	

	Sex
	Male
	560 (73.7%)
	58 (68.2%)
	
	

	
	Female
	199 (26.3%)
	26 (31.8%)
	0.78 (0.48-1.27, p=.313)
	

	Smoking status
	Never
	294 (38.7%)
	34 (40%)
	
	

	
	Previous
	347 (45.8%)
	42 (50.6%)
	0.99 (0.61-1.60, p=.966)
	

	
	Current
	118 (15.5%)
	8 (9.4%)
	0.58 (0.26-1.29, p=.181)
	

	Current tobacco smoking
	No
	647 (85.2%)
	77 (90.6%)
	
	

	
	Yes, on most or all days
	86 (11.3%)
	4 (5.9%)
	0.48 (0.19-1.22, p=.124)
	

	
	Only occasionally
	26 (3.5%)
	3 (3.5%)
	0.34 (0.04-2.51, p=.287)
	

	Ever smoked
	No
	238 (31%)
	28 (32.9%)
	
	

	
	Yes
	521 (69%)
	56 (67.1%)
	0.96 (0.58-1.56, p=.844)
	

	Age
	Mean ± SD
	61.2 ± 6.5
	63.8 ± 3.8
	1.12 (0.99-1.20, p<.001)
	1.08 (1.01-1.15, p<0.01a)

	Sleep duration
	Mean ± SD
	7.0 ± 1.2
	7.0 ± 1.4
	0.95 (0.81-1.09, p=.543)
	

	HDL
	Mean ± SD
	1.2 ± 0.4
	1.08 ± 0.4
	0.18 (0.10-0.38, p<.001)
	0.05 (0.01-0.12, p=.003a)

	LDL
	Mean ± SD
	3.1 ± 1.1
	4.5 ± 0.4
	4.52 (3.83-6.26, p<.001)
	3.78 (2.84-5.62, p<0.01a)

	SBP
	Mean ± SD
	147.5 ± 19.8
	162.0 ± 14.0
	1.02 (1.00-1.04, p<.001)
	1.03 (1.01-1.05, p=.010a)

	DBP
	Mean ± SD
	82.1 ± 10.3
	91.2 ± 6.8
	1.09 (1.06-1.12, p<.001)
	1.06 (1.02-1.09, p=.033a)

	Total cholesterol
	Mean ± SD
	5.1 ± 1.1
	6.8 ± 0.9
	3.12 (2.68-4.02, p<.001)
	2.41 (1.36-4.38, p=.004a)

	TG
	Mean ± SD
	1.4 ± 0.5
	2.4 ± 1.0
	4.28 (2.61-6.89, p<0.01)
	


NOTE: *: The variables finally included in the analysis. HDL: high density lipoprotein; LDL: low density lipoprotein; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglycerides.

Table S4 Performance parameters of the eight machine learning classification models in the development set, internal validation set, and external validation set
	Classified models
	AUC
	Sensitivity
	Specificity
	PPV
	NPV
	Accuracy
	F1 score

	Development set
	

	LR
	0.8917
	0.39543
	0.97567
	0.64432
	0.93543
	0.909
	0.4853

	DT
	0.7388
	0.73876
	0.98312
	0.82521
	0.97223
	0.9643
	0.7421

	RF
	0.9066
	0.74334
	0.99542
	0.98464
	0.97543
	0.9742
	0.8442

	KNN
	0.8403
	0.49321
	0.98354
	0.82132
	0.95431
	0.9412
	0.6462

	SVM
	0.8624
	0.58861
	0.98985
	0.86752
	0.96321
	0.9554
	0.712

	NNET
	0.889
	0.6623
	0.97213
	0.9123
	0.96152
	0.9602
	0.7621

	XGBoost
	0.8688
	0.56241
	0.98125
	0.87235
	0.95124
	0.9521
	0.6865

	LightGBM
	0.8326
	0.44658
	0.98245
	0.84032
	0.93654
	0.9421
	0.5981

	Internal validation set
	

	LR
	0.8525
	0.52778
	0.98457
	0.79167
	0.9494
	0.9389
	0.6333

	DT
	0.7389
	0.44444
	0.95062
	0.5
	0.93902
	0.9
	0.4706

	RF
	0.8694
	0.6123
	0.98691
	0.92308
	0.93084
	0.9506
	0.6898

	KNN
	0.7739
	0.61111
	0.98074
	0.88
	0.95821
	0.9528
	0.7213

	SVM
	0.8199
	0.5
	0.98383
	0.9
	0.94706
	0.9444
	0.6429

	NNET
	0.8399
	0.5
	0.98457
	0.78261
	0.94659
	0.9361
	0.6102

	XGBoost
	0.8431
	0.47222
	0.97531
	0.68
	0.94328
	0.925
	0.5574

	LightGBM
	0.8128
	0.45
	0.98765
	0.69231
	0.92219
	0.9139
	0.3673

	External validation set

	LR
	0.794
	0.48782
	0.98031
	0.7864
	0.9468
	0.9487
	0.6132

	DT
	0.694
	0.48612
	0.94232
	0.5
	0.9326
	0.9
	0.4812

	RF
	0.813
	0.51726
	0.97324
	0.9306
	0.93123
	0.9542
	0.6621

	KNN
	0.742
	0.58641
	0.98034
	0.864
	0.95423
	0.9534 
	0.7457

	SVM
	0.759
	0.49623
	0.98345
	0.845
	0.9432
	0.9521 
	0.6532

	NNET
	0.806
	0.52543
	0.97246
	0.79231
	0.94332
	0.9351
	0.6364

	XGBoost
	0.786
	0.47456
	0.97235
	0.66
	0.94
	0.942 
	0.5873

	LightGBM
	0.767
	0.46526
	0.98236
	0.69214
	0.92
	0.9235
	0.4623

	Development set (sensitivity analysis)

	LR
	0.8759
	0.32543
	0.97124
	0.5624
	0.9321
	0.9134
	0.3723

	DT
	0.7401
	0.5487
	0.9487
	0.637
	0.9667
	0.936
	0.668

	RF
	0.8959
	0.57456
	0.98123
	0.94134
	0.94235
	0.9457
	0.6427

	KNN
	0.858
	0.4144
	0.98112
	0.8787
	0.9332
	0.9354
	0.5912

	SVM
	0.8309
	0.5321
	0.9733
	0.812
	0.95125
	0.94
	0.6521

	NNET
	0.8725
	0.4432
	0.9832
	0.7645
	0.93987
	0.9378
	0.5456

	XGBoost
	0.8549
	0.51
	0.97124
	0.7112
	0.94123
	0.9325
	0.6121

	LightGBM
	0.8172
	0.4421
	0.98415
	0.823
	0.9421
	0.923
	0.5721

	External validation set

	LR
	0.8248
	0.3123
	0.9864
	0.5534
	0.9234
	0.9153
	0.3924

	DT
	0.7051
	0.4698
	0.9521
	0.631
	0.9524
	0.9254
	0.523

	RF
	0.8476
	0.4928
	0.97214
	0.94112
	0.93564
	0.9436
	0.6387

	KNN
	0.7448
	0.4521
	0.98645
	0.6584
	0.9125
	0.9445
	0.5923

	SVM
	0.8285
	0.5123
	0.9667
	0.854
	0.9601
	0.94
	0.6631

	NNET
	0.8147
	0.4354
	0.9812
	0.7541
	0.9402
	0.9451
	0.5254

	XGBoost
	0.8422
	0.5124
	0.9684
	0.7354
	0.9331
	0.9420
	0.5921

	LightGBM
	0.8104
	0.48
	0.98345
	0.818
	0.9398
	0.933
	0.5761


Note: AUC: area under curve; LR: logistic regression; DT: decision tree; RF: random forest; KNN: K-nearest neighbor; SVM: support vector machine; NNET: neural network; XGBoost: extreme gradient boosting; LightGBM: light gradient boosting machine; PPV: positive predictive value; NPV: negative predictive value.























Table S5 Delong test results of AUC differences between various machine learning models in the development set
	Model 1
	Model 2
	Statistic
	P value

	LR
	DT
	-3.10
	<0.01a

	LR
	RF
	-6.45
	<0.01a

	LR
	XGBoost
	-5.21
	<0.01a

	LR
	LightGBM
	-4.31
	<0.01a

	LR
	KNN
	-3.89
	<0.01a

	LR
	SVM
	-4.72
	<0.01a

	LR
	NNET
	-4.01
	<0.01a

	DT
	RF
	-3.61
	<0.01a

	DT
	XGBoost
	-1.43
	0.12

	DT
	LightGBM
	-0.39
	0.59

	DT
	KNN
	-0.21
	0.79

	DT
	SVM
	-1.44
	0.26

	DT
	NNET
	-0.65
	0.62 

	RF
	XGBoost
	4.98
	<0.01a

	RF
	LightGBM
	4.87
	<0.01a

	RF
	KNN
	4.81
	<0.01a

	RF
	SVM
	4.21
	<0.01a

	RF
	NNET
	4.03
	<0.01a

	XGBoost
	LightGBM
	3.22 
	<0.01a

	XGBoost
	KNN
	3.31
	<0.01a

	XGBoost
	SVM
	0.89
	0.40

	XGBoost
	NNET
	1.91 
	0.06

	LightGBM
	KNN
	0.58
	0.60

	LightGBM
	SVM
	-1.59
	0.14

	LightGBM
	NNET
	-0.22
	0.85

	KNN
	SVM
	-2.89
	<0.01a

	KNN
	NNET
	-0.70
	0.49

	SVM
	NNET
	1.40
	0.18


Note: a: there were significant differences between the two machine learning models. LR: logistic regression; DT: decision tree; RF: random forest; KNN: K-nearest neighbor; SVM: support vector machine; NNET: neural network; XGBoost: extreme gradient boosting; LightGBM: light gradient boosting machine.





Table S6 Delong test results of AUC differences between various machine learning models in the internal validation set
	Model 1
	Model 2
	Statistic
	P value

	LR
	DT
	-0.41
	0.71

	LR
	RF
	-2.89
	<0.01a

	LR
	XGBoost
	-2.78
	<0.01a

	LR
	LightGBM
	-2.41
	0.03a

	LR
	KNN
	-2.36
	0.02a

	LR
	SVM
	-2.70
	<0.01a

	LR
	NNET
	-1.14
	0.21

	DT
	RF
	-1.68
	0.10

	DT
	XGBoost
	-1.49
	0.12

	DT
	LightGBM
	-1.58
	0.12

	DT
	KNN
	-1.21
	0.23 

	DT
	SVM
	-1.56
	0.14

	DT
	NNET
	-0.89 
	0.52

	RF
	XGBoost
	1.32 
	0.18

	RF
	LightGBM
	1.36
	0.21

	RF
	KNN
	1.77 
	0.08

	RF
	SVM
	0.81
	0.51 

	RF
	NNET
	1.81
	0.07

	XGBoost
	LightGBM
	0.64
	0.51

	XGBoost
	KNN
	0.98
	0.52

	XGBoost
	SVM
	-0.49
	0.68

	XGBoost
	NNET
	1.43
	0.32

	LightGBM
	KNN
	0.41 
	0.78

	LightGBM
	SVM
	-0.61
	0.69

	LightGBM
	NNET
	1.26
	0.32

	KNN
	SVM
	-1.13 
	0.31

	KNN
	NNET
	0.85
	0.48

	SVM
	NNET
	1.43
	0.15


Note: a: there were significant differences between the two machine learning models. LR: logistic regression; DT: decision tree; RF: random forest; KNN: K-nearest neighbor; SVM: support vector machine; NNET: neural network; XGBoost: extreme gradient boosting; LightGBM: light gradient boosting machine.





Table S7 Delong test results of AUC differences between various machine learning models in the external validation set
	Model 1
	Model 2
	Statistic
	P value

	LR
	DT
	2.86
	<0.01a

	LR
	RF
	0.24
	0.67

	LR
	XGBoost
	0.72
	0.50

	LR
	LightGBM
	1.47
	0.21

	LR
	KNN
	1.59
	0.24

	LR
	SVM
	-0.71
	0.52

	LR
	NNET
	2.43
	0.01a

	DT
	RF
	-3.02
	<0.01a

	DT
	XGBoost
	-3.09
	<0.01a

	DT
	LightGBM
	-2.52
	0.01a

	DT
	KNN
	-1.92 
	0.09

	DT
	SVM
	-3.27
	<0.01a

	DT
	NNET
	-1.31
	0.22

	RF
	XGBoost
	0.66
	0.68

	RF
	LightGBM
	1.47
	0.10

	RF
	KNN
	1.60
	0.14

	RF
	SVM
	-1.12
	0.33

	RF
	NNET
	2.58
	<0.01a

	XGBoost
	LightGBM
	1.48
	0.18

	XGBoost
	KNN
	1.26
	0.25

	XGBoost
	SVM
	-1.43
	0.17

	XGBoost
	NNET
	2.20
	0.02

	LightGBM
	KNN
	0.13
	0.89

	LightGBM
	SVM
	-2.41
	0.02a

	LightGBM
	NNET
	1.62
	0.23

	KNN
	SVM
	-2.23
	0.03a

	KNN
	NNET
	1.14
	0.29

	SVM
	NNET
	3.89
	<0.01a


Note: a: there were significant differences between the two machine learning models. LR: logistic regression; DT: decision tree; RF: random forest; KNN: K-nearest neighbor; SVM: support vector machine; NNET: neural network; XGBoost: extreme gradient boosting; LightGBM: light gradient boosting machine.





Table S8 Performance parameters of the calibration curves in the development set, internal validation set, and external validation set
	Model
	Intercept
	Slope

	Development set

	DT
	-0.6762
	0.4358

	KNN
	-0.6285
	0.4322

	LightGBM
	-0.5261
	0.6777

	LR
	-0.6863
	0.7321

	NNET
	-0.4525
	0.4593

	RF
	0.1504
	1.0249

	SVM
	-0.6437
	0.6982

	XGBoost
	-0.4048
	0.6994

	Internal validation set

	DT
	-0.6956
	0.432

	KNN
	-0.6802
	0.3565

	LightGBM
	-0.6222
	0.6206

	LR
	-0.0676
	0.8413

	NNET
	-0.6076
	0.3607

	RF
	0.1641
	1.0653

	SVM
	-0.0489
	0.7913

	XGBoost
	-0.5028
	0.6149

	External validation set

	DT
	-0.6133
	0.3234

	KNN
	-0.5653
	0.2781

	LightGBM
	-0.6812
	0.3992

	LR
	-0.3647
	0.5126

	NNET
	-0.5128
	0.2776

	RF
	0.1687
	1.0682

	SVM
	-0.171
	0.5434

	XGBoost
	-0.5102
	0.413


Note: LR: logistic regression; DT: decision tree; RF: random forest; KNN: K-nearest neighbor; SVM: support vector machine; NNET: neural network; XGBoost: extreme gradient boosting; LightGBM: light gradient boosting machine.






Table S9 Comparison of baseline clinical characteristics between the development set and internal validation set in sensitivity analysis
	Characteristics
	Training set, N = 629
	P-value

	
	Development set, N = 440
	Internal validation set, N = 189
	

	MCI
	
	
	0.76

	No
	388 (88.1%)
	168 (88.9%)
	

	Yes
	52 (11.9%)
	21 (11.1%)
	

	Sleeplessness/insomnia
	
	
	0.12

	Never
	92 (21.0%)
	33 (17.5%)
	

	Sometimes
	202 (45.9%)
	81 (42.9%)
	

	Usually
	146 (33.1%)
	75 (39.6%)
	

	Alcohol drinker status
	
	
	

	Never
	13 (3.0%)
	6 (3.2%)
	0.90

	Previous
	26 (5.9%)
	11 (5.8%)
	

	Current
	401 (91.1%)
	172 (91%)
	

	Sex
	
	
	

	Male
	317 (72.0%)
	139 (73.5%)
	0.97

	Female
	123 (28.0%)
	50 (26.5%)
	

	Smoking status
	
	
	0.78

	Never
	166 (37.7%)
	68 (36.0%)
	

	Previous
	205 (46.6%)
	92 (48.7%)
	

	Current
	69 (15.7%)
	29 (15.3%)
	

	Current tobacco smoking
	
	
	0.89

	No
	378 (85.9%)
	161 (85.2%)
	

	Yes, on most or all days
	40 (9.0%)
	18 (9.5%)
	

	Only occasionally
	22 (5.1%)
	10 (5.3%)
	

	Ever smoked
	
	
	0.30

	No
	141 (32.0%)
	51 (27.0%)
	

	Yes
	299 (68.0%)
	138 (73.0%)
	

	Age (Mean (SD))
	62.37 (5.86)
	62.01 (5.45)
	0.81

	Sleep duration (Hours， mean (SD))
	7.01 (1.42)
	7.14 (1.38)
	0.53

	HDL (mmol/L, mean (SD))
	1.21 (0.32)
	1.19 (0.43)
	0.79

	LDL (mmol/L, mean (SD))
	3.41 (1.00)
	3.47 (0.82)
	0.12

	SBP (mmHg, mean (SD))
	148.33 (19.77)
	147.69 (20.03)
	0.41

	DBP (mmHg, mean (SD))
	84.54 (10.38)
	84.21 (10.56)
	0.78

	Total cholesterol (mmol/L, mean (SD))
	5.22 (1.46)
	5.40 (1.28)
	0.41

	TG (mmol/L, mean (SD))
	1.49 (0.69)
	1.54 (0.68)
	0.33


Note: MCI: mild cognitive impairment; HDL: high density lipoprotein; LDL: low density lipoprotein; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglycerides.









[image: figureS2]
Figure S1 Performance of machine learning models identifying mild cognitive impairment in patients with coronary artery disease and high blood pressure in sensitivity analysis
Note: A: ROC curves; B: Calibration curves; C: Parallel line graph of the evaluation metrics for each model; D: DCA curves. ROC: the receiver operating characteristic; AUC: area under the curve; KNN: K-nearest neighbor; SVM: support vector machine; XGBoost: extreme gradient boosting; LightGBM: light gradient boosting machine; LR: logistic regression; DT: decision tree; RF: random forest; NNET: neural network; PPV: positive predictive value; NPV: negative predictive value.
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