Supplementary Table S1. Candidate clinical variables available from the HAICDDS dataset
	Variable
	Description
	Type
	Definition/measurement

	Sex
	Biological sex
	Binary
	Male/female

	Age
	Age at assessment
	Continuous
	Years

	Education
	Years of education
	Continuous
	Total years of formal education

	CDR
	Clinical Dementia Rating global score
	Ordinal
	Global cognitive staging score (0, 0.5, 1, 2, 3)

	CDRSB
	CDR sum of boxes
	Continuous
	Sum of six CDR domain ratings (0–18)

	HTNA
	Hypertension
	Binary
	History of hypertension based on medical records/interview

	DMA
	Diabetes mellitus
	Binary
	History of diabetes mellitus based on medical records/interview

	CADA
	Cardiovascular disease
	Binary
	History of coronary/cardiovascular disease

	DyslipidemiaA
	Dyslipidemia/hypercholesterolemia
	Binary
	History of dyslipidemia

	CASI
	Cognitive Abilities Screening Instrument score
	Continuous
	Global cognitive score (0–100)

	MMSE
	Mini-Mental State Examination score
	Continuous
	Global cognitive screening score

	MoCA
	Montreal Cognitive Assessment score
	Continuous
	Global cognitive screening score

	NPI_SB
	Neuropsychiatric Inventory sum of boxes
	Continuous
	Neuropsychiatric symptom severity score

	IADL
	Instrumental Activities of Daily Living score
	Continuous
	Functional ability score (0–8)

	M567
	Memory-related variable (dataset-specific HAICDDS variable)
	Continuous/derived
	Original HAICDDS cognitive variable

	M0103
	Memory-related variable (dataset-specific HAICDDS variable)
	Continuous/derived
	Original HAICDDS cognitive variable

	M5670103
	Composite memory-related variable (dataset-specific HAICDDS variable)
	Continuous/derived
	Original HAICDDS cognitive variable


Abbreviations: CDR: Clinical Dementia Rating; CDRSB: Clinical Dementia Rating Sum of Boxes; HTNA: hypertension; DMA: diabetes mellitus; CADA: coronary artery or cardiovascular disease; CASI: Cognitive Abilities Screening Instrument; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; NPI-SB: Neuropsychiatric Inventory Sum of Boxes; IADL: Instrumental Activities of Daily Living; HAICDDS: History-Based Artificial Intelligence Clinical Dementia Diagnostic System.

















Multiclass classification
Supplementary Table S2. Repeated stratified 5×5 cross-validation performance of standard machine-learning models for multiclass classification.
	Model
	AUC (mean ± SD)
	Accuracy (mean ± SD)
	Balanced accuracy (mean ± SD)
	Sensitivity (mean ± SD)
	Specificity (mean ± SD)
	PPV (mean ± SD)
	NPV (mean ± SD)
	F1 score (mean ± SD)

	RF
	0.832 ± 0.015
	0.675 ± 0.032
	0.735 ± 0.026
	0.636 ± 0.035
	0.834 ± 0.018
	0.624 ± 0.032
	0.832 ± 0.021
	0.626 ± 0.031

	SVM
	0.845 ± 0.019
	0.689 ± 0.034
	0.72 ± 0.031
	0.609 ± 0.044
	0.831 ± 0.019
	0.639 ± 0.013
	0.843 ± 0.023
	0.617 ± 0.021

	NB
	0.82 ± 0.018
	0.650 ± 0.024
	0.723 ± 0.021
	0.624 ± 0.031
	0.823 ± 0.013
	0.592 ± 0.029
	0.821 ± 0.014
	0.598 ± 0.029

	DT
	0.746 ± 0.045
	0.635 ± 0.038
	0.705 ± 0.031
	0.598 ± 0.046
	0.813 ± 0.018
	0.566 ± 0.053
	0.819 ± 0.023
	0.567 ± 0.050

	KNN
	0.789 ± 0.024
	0.605 ± 0.023
	0.705 ± 0.012
	0.598 ± 0.016
	0.812 ± 0.013
	0.568 ± 0.025
	0.801 ± 0.013
	0.561 ± 0.026


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features; AUC: area under the receiver operating characteristic curve; SD: standard deviation; PPV: positive predictive value; NPV: negative predictive value.














Supplementary Table S3. Repeated stratified 5×5 cross-validation performance of imbalance-adjusted multiclass classification models.
	Model
	AUC (mean ± SD)
	Accuracy (mean ± SD)
	Balanced accuracy (mean ± SD)
	Sensitivity (mean ± SD)
	Specificity (mean ± SD)
	PPV (mean ± SD)
	NPV (mean ± SD)
	F1 score (mean ± SD)

	Class-weighted RF
	0.828 ± 0.026
	0.670 ± 0.036
	0.727 ± 0.027
	0.625 ± 0.036
	0.830 ± 0.020
	0.613 ± 0.036
	0.830 ± 0.022
	0.615 ± 0.035

	Class-weighted SVM
	0.845 ± 0.018
	0.699 ± 0.032
	0.724 ± 0.030
	0.625 ± 0.037
	0.838 ± 0.019
	0.658 ± 0.041
	0.847 ± 0.019
	0.634 ± 0.037

	Equal-prior NB
	0.813 ± 0.018
	0.633 ± 0.027
	0.72 ± 0.023
	0.62 ± 0.034
	0.821 ± 0.015
	0.581 ± 0.030
	0.814 ± 0.016
	0.585 ± 0.027

	Class-weighted DT
	0.78 ± 0.038
	0.747 ± 0.044
	0.76 ± 0.022
	0.739 ± 0.072
	0.781 ± 0.097
	0.573 ± 0.021 
	0.797 ± 0.041
	0.562 ± 0.039

	SMOTENC-KNN
	0.662 ± 0.036
	0.585 ± 0.050
	0.662 ± 0.036
	0.538 ± 0.049
	0.785 ± 0.024
	0.557 ± 0.027

	0.819 ±
0.018
	0.535 ± 0.047


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features; AUC: area under the receiver operating characteristic curve; SD: standard deviation; PPV: positive predictive value; NPV: negative predictive value.










Supplementary Table S4. Comparison of standard and imbalance-adjusted multiclass models.
	Comparison
	Standard Macro-AUC
	Adjusted Macro-AUC
	Δmacro-AUC
	95% CI
	Permutation P

	Class-weighted RF vs Standard RF
	0.8357
	0.8329
	-0.0028
	−0.0171 to 0.0114
	0.777

	Class-weighted SVM vs Standard SVM
	0.8304
	0.8394
	0.009
	−0.0014 to 0.0196
	0.055

	Equal-prior NB vs Standard NB
	0.8217
	0.8165
	−0.0052
	−0.0132 to 0.0027
	0.441

	Class-weighted DT vs Standard DT
	0.8185
	0.8277
	0.0091
	−0.0250 to 0.0429
	0.634

	SMOTENC-KNN vs Standard KNN
	0.8007
	0.6342
	−0.1665
	−0.2266 to −0.1103
	<0.001


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features; AUC: area under the receiver operating characteristic curve; CI: confidence interval. Note: Δmacro-AUC = adjusted macro-AUC − standard macro-AUC.














Supplementary Table S5. Class-specific performance of standard models for multiclass classification.
	Model
	Class
	Sensitivity, % (95% CI)
	Specificity, % (95% CI)
	Precision, % (95% CI)
	F1 score, % (95% CI)

	RF
	CU
	30.8 (11.5 to 50)
	95.2 (91.2 to 98.4)
	57.1 (33.3 to 81.8)
	40 (18.2 to 57.9)

	
	MCI
	56.5 (43.5 to 71.7)
	75.2 (67.6 to 82.9)
	50 (40.6 to 60.4)
	53.1 (42.1 to 63.6)

	
	AD dementia
	86.1 (78.5 to 93.7)
	76.4 (66.7 to 84.7)
	80 (73.7 to 86.6)
	82.9 (77.4 to 88.3)

	SVM
	CU
	30.8 (11.5 to 50)
	93.6 (88.8 to 97.6)
	50 (27.3 to 75)
	38.1 (17.8 to 55.3)

	
	MCI
	58.7 (45.7 to 73.9)
	76.2 (69.5 to 82.9)
	51.9 (42.9 to 61.7)
	55.1 (44.2 to 65.3)

	
	AD dementia
	86.1 (78.5 to 93.7)
	79.2 (70.8 to 87.5)
	81.9 (75.8 to 88.6)
	84 (78.3 to 89.4)

	NB
	CU
	65.4 (46.2 to 84.6)
	81.6 (75.2 to 88)
	42.5 (32.4 to 54.1)
	51.5 (38.2 to 63.5)

	
	MCI
	34.8 (21.7 to 47.8)
	82.9 (76.2 to 89.5)
	47.1 (32.6 to 62.9)
	40 (26.3 to 52.5)

	
	AD dementia
	79.7 (70.9 to 88.6)
	80.6 (72.2 to 88.9)
	81.8 (75 to 88.9)
	80.8 (74.3 to 87)

	DT
	CU
	46.2 (26.9 to 65.4)
	91.2 (86.4 to 95.2)
	52.2 (34.8 to 70)
	49 (30.4 to 65.3)

	
	MCI
	39.1 (26.1 to 52.2)
	80 (72.4 to 87.6)
	46.2 (33.3 to 59.5)
	42.4 (29.6 to 54.6)

	
	AD dementia
	83.5 (74.7 to 91.1)
	68.1 (58.3 to 77.8)
	74.2 (68 to 80.7)
	78.6 (72.3 to 84.4)

	KNN
	CU
	26.9 (11.5 to 46.2)
	95.2 (91.2 to 98.4)
	53.8 (26.7 to 80)
	35.9 (15.8 to 54.1)

	
	MCI
	52.2 (37 to 65.2)
	73.3 (65.7 to 81)
	46.2 (36.1 to 56.4)
	49 (37.5 to 59.2)

	
	AD dementia
	83.5 (74.7 to 91.1)
	72.2 (62.5 to 81.9)
	76.7 (70.3 to 83.3)
	80 (74.1 to 85.7)


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; CU: cognitively unimpaired; AD: Alzheimer’s disease; MCI: mild cognitive impairment; CI: confidence interval. Note: Precision corresponds to the positive predictive value.
Supplementary Table S6. Confusion matrices for standard multiclass models.
	Model
	Observed class
	Predicted CU
	Predicted MCI
	Predicted AD dementia

	RF
	CU
	8
	16
	2

	
	MCI
	5
	26
	15

	
	AD dementia
	1
	10
	68

	SVM
	CU
	8
	17
	1

	
	MCI
	5
	27
	14

	
	AD dementia
	3
	8
	68

	NB
	CU
	17
	8
	1

	
	MCI
	17
	16
	13

	
	AD dementia
	6
	10
	63

	DT
	CU
	12
	10
	4

	
	MCI
	9
	18
	19

	
	AD dementia
	2
	11
	66

	KNN
	CU
	7
	17
	2

	
	MCI
	4
	24
	18

	
	AD dementia
	2
	11
	66


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; CU: cognitively unimpaired; AD: Alzheimer’s disease; MCI: mild cognitive impairment.





Supplementary Table S7. Class-specific performance of imbalance-adjusted models for multiclass classification.
	Model
	Class
	Sensitivity, % (95% CI)
	Specificity, % (95% CI)
	Precision, % (95% CI)
	F1 score, % (95% CI)

	Class-weighted RF
	CU
	42.3 (23.1 to 61.5)
	89.6 (84 to 94.4)
	45.8 (28.6 to 62.5)
	44 (25.9 to 59.3)

	
	MCI
	50 (37 to 65.2)
	74.3 (66.7 to 81.9)
	46 (36.4 to 56.3)
	47.9 (36.6 to 58.6)

	
	AD dementia
	82.3 (73.4 to 91.1)
	83.3 (75 to 90.3)
	84.4 (78 to 91)
	83.3 (77.4 to 89)

	Class-weighted SVM
	CU
	30.8 (11.5 to 50)
	95.2 (91.2 to 98.4)
	57.1 (33.3 to 82.4)
	40 (18.2 to 57.8)

	
	MCI
	58.7 (45.7 to 73.9)
	76.2 (69.5 to 82.9)
	51.9 (42.9 to 61.8)
	55.1 (44.4 to 65.4)

	
	AD dementia
	88.6 (81 to 94.9)
	79.2 (70.8 to 87.5)
	82.4 (76.5 to 88.8)
	85.4 (80.2 to 90.4)

	Equal-prior NB
	CU
	73.1 (53.8 to 88.5)
	79.2 (72.8 to 85.6)
	42.2 (33.3 to 52.2)
	53.5 (41.9 to 64.1)

	
	MCI
	34.8 (21.7 to 47.8)
	80 (72.4 to 87.6)
	43.2 (30 to 56.8)
	38.6 (25.3 to 50.6)

	
	AD dementia
	74.7 (64.6 to 84.8)
	86.1 (77.8 to 93.1)
	85.5 (78.6 to 92.6)
	79.7 (72.3 to 86.3)

	Class-weighted DT
	CU
	50 (30.8 to 69.2)
	84 (77.6 to 89.6)
	39.4 (26.5 to 53.3)
	44.1 (29.1 to 59)

	
	MCI
	41.3 (28.3 to 56.5)
	79 (71.4 to 85.7)
	46.3 (34.4 to 59.1)
	43.7 (31.3 to 55.9)

	
	AD dementia
	79.7 (70.9 to 88.6)
	80.6 (72.2 to 88.9)
	81.8 (75 to 88.9)
	80.8 (74.2 to 86.6)

	SMOTENC-KNN
	CU
	50 (30.8 to 69.2)
	93.6 (88.8 to 97.6)
	61.9 (43.5 to 81.2)
	55.3 (37.2 to 70.8)

	
	MCI
	45.7 (32.6 to 60.9)
	61 (51.4 to 70.5)
	33.9 (25 to 42.9)
	38.9 (28.6 to 49.1)

	
	AD dementia
	59.5 (48.1 to 69.6)
	70.8 (61.1 to 80.6)
	69.1 (61.1 to 77.3)
	63.9 (55.3 to 72.2)


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features; CU: cognitively unimpaired; AD: Alzheimer’s disease; MCI: mild cognitive impairment; CI: confidence interval. Note: Precision corresponds to the positive predictive value.



Supplementary Table S8. Confusion matrices for imbalance-adjusted multiclass models.
	Model
	Observed class
	Predicted CU
	Predicted MCI
	Predicted AD dementia

	Class-weighted RF
	CU
	11
	15
	0

	
	MCI
	11
	23
	12

	
	AD dementia
	2
	12
	65

	Class-weighted SVM
	CU
	8
	17
	1

	
	MCI
	5
	27
	14

	
	AD dementia
	1
	8
	70

	Equal-prior NB
	CU
	19
	7
	0

	
	MCI
	20
	16
	10

	
	AD dementia
	6
	14
	59

	Class-weighted DT
	CU
	13
	12
	1

	
	MCI
	14
	19
	13

	
	AD dementia
	6
	10
	63

	SMOTENC-KNN
	CU
	13
	12
	1

	
	MCI
	5
	21
	20

	
	AD dementia
	3
	29
	47


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features; CU: cognitively unimpaired; AD: Alzheimer’s disease; MCI: mild cognitive impairment.








Supplementary Table S9. Permutation importance for the standard random forest model in multiclass classification.
	Rank
	Predictor
	Mean decrease in accuracy (pp)
	SD
	Median
	2.5th percentile
	97.5th percentile

	1
	MMSE
	8.62
	2.75
	8.61
	3.31
	13.91

	2
	MoCA
	7.85
	2.29
	7.95
	3.31
	11.92

	3
	Diabetes mellitus
	2.46
	1.43
	2.65
	0
	5.3

	4
	Age
	1.57
	1.83
	1.32
	−1.99
	5.3

	5
	Education
	1.03
	1.54
	1.32
	−1.99
	3.97

	6
	NPI-SB
	0.3
	1.55
	0
	−2.65
	3.31

	7
	Dyslipidemia
	0.21
	0.99
	0
	−1.99
	1.99

	8
	Sex
	0.12
	0.87
	0
	−1.32
	1.99

	9
	Hypertension
	0.04
	1.16
	0
	−2.33
	1.99

	10
	Coronary or cardiovascular disease
	−0.59
	0.35
	-0.66
	−1.32
	0


Abbreviations: MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; NPI-SB: Neuropsychiatric Inventory Sum of Boxes; pp: percentage points; SD: standard deviation.











Dementia vs non-dementia
Supplementary Table S10. Repeated stratified 5×5 cross-validation performance of machine-learning models for distinguishing AD dementia from non-dementia participants.
	Model
	AUC (mean ± SD)
	Accuracy (mean ± SD)
	Balanced Accuracy (mean ± SD)
	Sensitivity (mean ± SD)
	Specificity (mean ± SD)
	PPV (mean ± SD)
	NPV (mean ± SD)
	F1 (mean ± SD)

	RF
	0.898 ± 0.029
	0.827 ± 0.034
	0.827 ± 0.034
	0.825 ± 0.052
	0.828 ± 0.047
	0.841 ± 0.037
	0.815 ± 0.045
	0.832 ± 0.035

	SVM
	0.906 ± 0.019
	0.839 ± 0.030
	0.838 ± 0.030
	0.859 ± 0.051
	0.817 ± 0.047
	0.837 ± 0.034
	0.845 ± 0.048
	0.847 ± 0.030

	NB
	0.891 ± 0.033
	0.810 ± 0.038
	0.809 ± 0.038
	0.830 ± 0.044
	0.788 ± 0.052
	0.811 ± 0.040
	0.810 ± 0.044
	0.820 ± 0.035

	DT
	0.872 ± 0.033
	0.799 ± 0.032
	0.799 ± 0.032
	0.798 ± 0.061
	0.801 ± 0.055
	0.817 ± 0.044
	0.787 ± 0.044
	0.805 ± 0.032

	KNN
	0.888 ± 0.033
	0.807 ± 0.037
	0.808 ± 0.037
	0.788 ± 0.054
	0.829 ± 0.051
	0.835 ± 0.041
	0.783 ± 0.044
	0.809 ± 0.039


Abbreviations: AD: Alzheimer's disease; RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; AUC: area under the receiver operating characteristic curve; SD: standard deviation; PPV: positive predictive value; NPV: negative predictive value.










[bookmark: _Hlk237206167]Supplementary Table S11. Permutation importance for the standard random forest model in AD dementia versus non-dementia classification.
	Rank
	Predictor
	Mean decrease in accuracy (pp)
	SD
	Median
	2.5th percentile
	97.5th percentile

	1
	MoCA
	8.6
	3.22
	8.61
	2.3
	14.92

	2
	MMSE
	5.75
	2.66
	5.96
	0.66
	10.6

	3
	NPI-SB
	0.83
	1.04
	0.66
	−1.32
	2.65

	4
	Diabetes mellitus
	0.32
	0.55
	0
	−0.66
	1.32

	5
	Age
	0.16
	1.64
	0
	−3.31
	3.31

	6
	Cardiovascular disease
	−0.02
	0.12
	0
	−0.66
	0

	7
	Hypertension
	−0.35
	0.7
	−0.66
	−1.32
	1.32

	8
	Sex
	−0.52
	0.44
	−0.66
	−1.32
	0

	9
	Education
	−0.66
	1.24
	−0.66
	−3.31
	1.32

	10
	Dyslipidemia
	−1.06
	0.55
	−1.32
	−1.99
	0


Abbreviations: MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; NPI-SB: Neuropsychiatric Inventory Sum of Boxes; pp: percentage points; SD: standard deviation.












Cognitive impairment vs CU
Supplementary Table S12. Repeated stratified 5×5 cross-validation performance of standard machine-learning models for distinguishing participants with clinically defined cognitive impairment from cognitively unimpaired participants.
	Model
	AUC (mean ± SD)
	Accuracy (mean ± SD)
	Balanced Accuracy (mean ± SD)
	Sensitivity (mean ± SD)
	Specificity (mean ± SD)
	PPV (mean ± SD)
	NPV (mean ± SD)
	F1 (mean ± SD)

	RF
	0.867 ± 0.037
	0.848 ± 0.026
	0.652 ± 0.061
	0.950 ± 0.025
	0.346 ± 0.126
	0.874 ± 0.022
	0.621 ± 0.135
	0.912 ± 0.012

	SVM
	0.873 ± 0.034
	0.847 ± 0.025
	0.679 ± 0.050
	0.937 ± 0.025
	0.420 ± 0.104
	0.909 ± 0.018
	0.559 ± 0.113
	0.923 ± 0.012

	NB
	0.869 ± 0.035
	0.777 ± 0.032
	0.755 ± 0.049
	0.789 ± 0.035
	0.721 ± 0.093
	0.884 ± 0.024
	0.514 ± 0.085
	0.833 ± 0.022

	DT
	0.796 ± 0.060
	0.817 ± 0.034
	0.645 ± 0.069
	0.909 ± 0.049
	0.381 ± 0.161
	0.818 ± 0.030
	0.571 ± 0.120
	0.857 ± 0.026

	KNN
	0.848 ± 0.036
	0.829 ± 0.010
	0.525 ± 0.022
	0.993 ± 0.006
	0.058 ± 0.043
	0.832 ± 0.007
	0.650 ± 0.334
	0.906 ± 0.005


Abbreviations: AD: Alzheimer's disease; RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features; AUC: area under the receiver operating characteristic curve; SD: standard deviation; PPV: positive predictive value; NPV: negative predictive value.















Supplementary Table S13. Repeated stratified 5×5 cross-validation performance of imbalance-adjusted machine-learning models for distinguishing participants with clinically defined cognitive impairment from cognitively unimpaired participants.
	Model
	AUC (mean ± SD)
	Accuracy (mean ± SD)
	Balanced Accuracy (mean ± SD)
	Sensitivity (mean ± SD)
	Specificity (mean ± SD)
	PPV (mean ± SD)
	NPV (mean ± SD)
	F1 (mean ± SD)

	Class-weighted RF
	0.878 ± 0.030
	0.834 ± 0.023
	0.729 ± 0.037
	0.891 ± 0.025
	0.566 ± 0.102
	0.873 ± 0.019
	0.607 ± 0.127
	0.909 ± 0.013

	Class-weighted SVM
	0.875 ± 0.030
	0.851 ± 0.023
	0.680 ± 0.031
	0.943 ± 0.025
	0.417 ± 0.099
	0.914 ± 0.018
	0.565 ± 0.110
	0.925 ± 0.013

	Equal-prior NB
	0.869 ± 0.035
	0.745 ± 0.030
	0.774 ± 0.047
	0.729 ± 0.027
	0.820 ± 0.082
	0.923 ± 0.018
	0.489 ± 0.073
	0.796 ± 0.022

	Class-weighted DT
	0.818 ± 0.030
	0.707 ± 0.033
	0.790 ± 0.038
	0.661 ± 0.051
	0.922 ± 0.102
	0.957 ± 0.027
	0.369 ± 0.038
	0.768 ± 0.026

	SMOTENC-KNN
	0.835 ± 0.046
	0.718 ± 0.033
	0.771 ± 0.050
	0.689 ± 0.037
	0.852 ± 0.096
	0.957 ± 0.027
	0.369 ± 0.038
	0.801 ± 0.026


Abbreviations: AD: Alzheimer's disease; RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features; AUC: area under the receiver operating characteristic curve; SD: standard deviation; PPV: positive predictive value; NPV: negative predictive value.












Supplementary Table S14. Comparison of standard and imbalance-adjusted models for cognitive-impairment-versus-CU classification using DeLong’s test.
	Model pair
	Standard AUC
	Adjusted AUC
	ΔAUC
	DeLong P value

	Standard RF vs class-weighted RF
	0.92
	0.904
	−0.016
	0.235

	Standard SVM vs class-weighted SVM
	0.899
	0.91
	0.011
	0.203

	Standard DT vs class-weighted DT
	0.767
	0.838
	0.071
	0.177

	Standard NB vs equal-prior NB
	0.9
	0.9
	0
	1

	Standard KNN vs SMOTENC-KNN
	0.812
	0.846
	0.034
	0.294


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features; AUC: area under the receiver operating characteristic curve.

[image: ]
Figure S1. Receiver operating characteristic curves of imbalance-adjusted machine-learning models for distinguishing participants with clinically defined cognitive impairment from cognitively unimpaired individuals. RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; SMOTENC: Synthetic Minority Oversampling Technique for Nominal and Continuous Features.
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Supplementary Table S15. Permutation importance for the standard random forest model distinguishing participants with clinically defined cognitive impairment from cognitively unimpaired participants.
	Rank
	Predictor
	Mean decrease in accuracy (pp)
	SD
	Median
	2.5th percentile
	97.5th percentile

	1
	MoCA
	5.3
	1.48
	5.3
	2.65
	7.95

	2
	MMSE
	3.61
	1.43
	3.31
	0.66
	6.62

	3
	NPI-SB
	2.65
	1.13
	2.65
	0.66
	4.64

	4
	Education
	1.8
	1.19
	1.99
	−0.66
	3.97

	5
	Diabetes mellitus
	0.59
	0.91
	0.66
	−1.32
	2.65

	6
	Age
	0.54
	1.07
	0.66
	−1.32
	2.65

	7
	Hypertension
	0.53
	0.97
	0.66
	−1.32
	2.65

	8
	Cardiovascular disease
	0.26
	0.53
	0
	−0.66
	1.32

	9
	Sex
	−0.72
	0.71
	−0.66
	−1.99
	0.66

	10
	Dyslipidemia
	−1.11
	0.7
	−1.32
	−2.65
	0


Abbreviations: MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; NPI-SB: Neuropsychiatric Inventory Sum of Boxes; pp: percentage points; SD: standard deviation.











Sensitivity analysis
Supplementary Table S16. Sensitivity analysis of multiclass CU, MCI, and AD dementia classification after exclusion of MMSE and MoCA.
	Model
	Full model Accuracy, % (95% CI)
	Without MMSE/MoCA Accuracy, % (95% CI)
	Full model macro-AUC
	Without MMSE/MoCA macro-AUC (95% CI)
	Δmacro-AUC (95% CI)
	Full model Balanced accuracy, % (95% CI)
	Without MMSE/MoCA Balanced accuracy, % (95% CI)

	RF
	67.5 (60.9 to 74.2)
	51.0 (43.7 to 58.3)
	0.836
	0.659 (0.591 to 0.727)
	−0.177 (−0.236 to −0.118)
	70 (64.2 to 76.0)
	56.3 (50.8 to 62.0)

	SVM
	68.2 (61.6 to 74.8)
	55.0 (48.3 to 61.6)
	0.83
	0.681 (0.612 to 0.745)
	−0.149 (−0.199 to −0.097)
	70.7 (65 to 76.7)
	57.1 (52.0 to 62.3)

	NB
	63.6 (56.3 to 70.9)
	51.7 (44.4 to 58.9)
	0.822
	0.692 (0.625 to 0.753)
	−0.130 (−0.176 to −0.082)
	70.8 (64.9 to 76.6)
	58.2 (52.4 to 64.1)

	DT
	63.6 (57 to 70.2)
	52.3 (47.0 to 57.6)
	0.819
	0.671 (0.608 to 0.731)
	−0.147 (−0.216 to −0.079)
	68 (61.8 to 74)
	56.0 (51.4 to 60.8)

	KNN
	64.2 (57.6 to 71.5)
	51.0 (43.7 to 58.9)
	0.801
	0.610 (0.535 to 0.690)
	−0.191 (−0.252 to −0.126)
	67.2 (61.4 to 73.1)
	60.3 (54.2 to 66.5)


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; AUC: area under the receiver operating characteristic curve; CI: confidence interval; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment.









Supplementary Table S17. Sensitivity analysis of AD dementia versus non-dementia classification after exclusion of MMSE and MoCA.
	Model
	Full model Accuracy, % (95% CI)
	Without MMSE/MoCA Accuracy, % (95% CI)
	Full model AUC (95% CI)
	Without MMSE/MoCA AUC (95% CI)
	ΔAUC (95% CI)
	Full model Balanced accuracy, % (95% CI)
	Without MMSE/MoCA Balanced accuracy, % (95% CI)

	RF
	77.5 (70.9 to 84.1)
	70.2 (62.9 to 77.5)
	0.862 (0.799 to 0.922)
	0.764 (0.681 to 0.838)
	−0.098 (−0.165 to −0.030)
	77.7 (71.0 to 84.3)
	70.4 (62.9 to 77.6)

	SVM
	78.8 (72.2 to 84.8)
	70.9 (63.6 to 78.1)
	0.857 (0.792 to 0.915)
	0.766 (0.685 to 0.837)
	−0.091 (−0.155 to −0.025)
	78.9 (72.1 to 85.0)
	71.0 (63.7 to 78.0)

	NB
	78.8 (72.2 to 85.4)
	70.2 (62.3 to 77.5)
	0.844 (0.776 to 0.903)
	0.763 (0.679 to 0.835)
	−0.080 (−0.134 to −0.033)
	78.9 (72.2 to 85.4)
	70.1 (62.3 to 77.3)

	DT
	76.8 (70.2 to 83.4)
	68.9 (61.6 to 76.2)
	0.862 (0.800 to 0.919)
	0.765 (0.684 to 0.839)
	−0.096 (−0.172 to −0.021)
	77.3 (70.8 to 83.9)
	68.8 (61.6 to 76.4)

	KNN
	76.8 (70.2 to 82.8)
	63.6 (55.6 to 70.9)
	0.830 (0.760 to 0.894)
	0.725 (0.642 to 0.800)
	−0.104 (−0.164 to −0.047)
	77.2 (70.5 to 83.3)
	64.0 (56.2 to 71.2)


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; AUC: area under the receiver operating characteristic curve; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; CI: confidence interval.










Supplementary Table S18. Sensitivity analysis of the classification of participants with clinically defined cognitive impairment versus cognitively unimpaired participants after exclusion of MMSE and MoCA.
	Model
	Full model Accuracy, % (95% CI)
	Without MMSE/MoCA Accuracy, % (95% CI)
	Full model AUC
	Without MMSE/MoCA AUC (95% CI)
	ΔAUC (95% CI)
	Full model Balanced accuracy, % (95% CI)
	Without MMSE/MoCA Balanced accuracy, % (95% CI)

	RF
	88.1 (81.8 to 92.8)
	84.8 (82.1 to 87.4)
	0.92 (0.88 to 0.97)
	0.794 (0.694 to 0.884)
	−0.127 (−0.219 to −0.044)
	71.5 (61.8 to 81.1)
	57.3 (51.1 to 65.0)

	SVM
	85.4 (78.8 to 90.6)
	84.8 (82.1 to 87.4)
	0.90 (0.85 to 0.95)
	0.742 (0.640 to 0.838)
	−0.157 (−0.244 to −0.074)
	69.9 (59.9 to 79.1)
	57.3 (51.1 to 65.0)

	NB
	78.1 (70.7 to 84.5)
	76.8 (70.9 to 82.8)
	0.90 (0.85 to 0.95)
	0.812 (0.734 to 0.883)
	−0.088 (−0.146 to −0.033)
	79.2 (70.3 to 87)
	60.1 (50.5 to 69.8)

	DT
	80.8 (73.6 to 86.7)
	80.8 (76.2 to 84.8)
	0.77 (0.64 to 0.89)
	0.761 (0.673 to 0.838)
	−0.006 (−0.122 to 0.112)
	67.1 (57.1 to 77.4)
	56.4 (49.0 to 64.5)

	KNN
	85.4 (78.8 to 90.6)
	82.8 (80.8 to 84.8)
	0.81 (0.73 to 0.89)
	0.739 (0.648 to 0.830)
	−0.072 (−0.136 to −0.005)
	57.7 (51.9 to 65.4)
	51.5 (48.8 to 55.8)


Abbreviations: RF: random forest; SVM: support vector machine; NB: naïve Bayes; DT: decision tree; KNN: k-nearest neighbors; AUC: area under the receiver operating characteristic curve; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; CI: confidence interval.
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