Supplementary Information
Supplementary Table 1. Demographic characteristics of participants. 
	Characteristics
	Total
	AD
	Control

	Participants
	n
	159
	52 (33%)
	107 (67%)

	Sex (%)
	Male
	69 (43%)
	18
	51

	
	Female
	90 (57%)
	34
	56

	Age (Mean±SD)
	Age at exam
	84.82±9.54
	87.75±7.24
	83.4±10.2

	
	Age at death
	88.27±8.84
	91.44±6.02
	86.73±9.57

	
	Interval Age
	3.45±3.33
	3.69±3.97
	3.33±2.98

	APOE genotype (%)
	2/2
	2 (1%)
	0
	2

	
	2/3
	18 (11%)
	0
	18

	
	2/4
	4 (3%)
	0
	4

	
	3/3
	100 (63%)
	28
	72

	
	3/4
	31 (20%)
	21
	10

	
	4/4
	2 (1%)
	2
	0

	
	unknown
	2 (1%)
	1
	1


Mean±SD: Mean and standard deviation. 




 Supplementary Table 2. Summary of the raw values of neuropathological traits.
	Group
	Trait
	Total
	AD
	Control

	
	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Tau pathology
	BraakStage
	3.06
	1.63
	4.98
	0.92
	2.12
	0.93

	
	AT8 (pixels/mm2)
	30669.84
	220062.42
	90571.94
	377840.54
	1015.34
	2187.91

	
	pTau181(U/mL)
	9797.15
	4737.12
	11990.51
	6260.42
	8685.03
	3264.36

	
	pTau231(U/g)
	539376.43
	649676.35
	674933.34
	607826.70
	472326.78
	662326.08

	
	pTau202 (U/g)
	2048863.43
	4372548.15
	3501541.89
	6236876.80
	1294225.26
	2744652.82

	
	pTau396 (U/g)
	15578.71
	31803.24
	20568.37
	30099.84
	12986.67
	32541.57

	Beta-amyloid pathology
	CERAD
	1.21
	1.14
	2.50
	0.64
	0.58
	0.71

	
	4G8
	647.01
	455.12
	863.01
	417.95
	539.00
	435.75

	
	Ab42/Ab40
	16.04
	17.23
	11.76
	11.57
	18.11
	19.09

	Synaptic density
	PSD-95 (U/g)
	50659.13
	27141.61
	47595.03
	24892.85
	52142.80
	28172.72

	Neuroinflammation
	Iba1 (cells/mm2)
	175.98
	41.51
	191.68
	41.65
	168.28
	39.39

	
	C4a (ng/mL)
	4978.82
	1840.44
	5077.30
	1874.17
	4930.12
	1832.03

	
	C4b (ng/mL)
	95.34
	46.77
	97.56
	45.97
	94.24
	47.37

	
	C1q (ng/mL)
	945.51
	208.12
	933.78
	185.02
	951.44
	219.62


AT8: antibodies to phosphorylated PHF tau; pTau181: phosphorylated tau 181; pTau202: phosphorylated tau 202; pTau231: phosphorylated tau 231; pTau396: phosphorylated tau 396; CERAD: Consortium to Establish a Registry for Alzheimer Disease; 4G8: amyloid β (4G8); PSD95: postsynaptic density protein 95; Iba1: ionized calcium binding adaptor molecule 1; C4A: Complement component 4A; C4B: Complement component 4b; C1q: complement. SD: Standard deviation.






Supplementary Table 3. Summary of neuropsychological tests. (N=23)
	 Domain
	Traits
	 Details
	Total
	AD
	Control

	
	
	
	Mean
	SD
	NIND
	Mean
	SD
	Mean
	SD

	Memory
	LMi
	Logical Memory Immediate Recall
	8.4
	5.56
	151
	6.00
	5.89
	9.46
	5.09

	
	LMd
	Logical Memory Delayed Recall
	7.17
	5.58
	145
	4.26
	5.62
	8.35
	5.14

	
	LMr
	Logical Memory Recognition
	8.51
	2.45
	135
	7.39
	2.87
	8.95
	2.12

	
	VRi
	Visual Reproduction Immediate Recall
	4.89
	3.57
	137
	2.72
	2.54
	5.76
	3.56

	
	VRd
	Visual Reproduction Delayed Recall
	3.69
	3.6
	133
	1.61
	2.18
	4.53
	3.73

	
	VRr
	Visual Reproduction Recognition
	2.02
	1.37
	132
	1.42
	1.30
	2.25
	1.33

	
	PASi
	Verbal Paired Associates Immediate Recall
	10.36
	4.91
	140
	8.31
	4.75
	11.09
	4.78

	
	PASi_e
	PASi which total number of correct easy pairs form
	14.48
	4.87
	140
	12.81
	5.63
	15.08
	4.44

	
	PASi_h
	PASi which total number of correct hard pairs form
	3.04
	3.29
	140
	1.81
	2.71
	3.48
	3.39

	
	PASd
	Verbal Paired Associates Delayed Recall
	6.6
	2.46
	122
	5.44
	2.72
	7.01
	2.24

	
	PASd_e
	PASd which total number of correct easy pairs form
	5.24
	1.4
	122
	4.63
	1.88
	5.46
	1.12

	
	PASd_h
	PASd which total number of correct hard pairs form
	1.39
	1.44
	122
	0.81
	1.31
	1.59
	1.44

	
	PASr
	Verbal Paired Associates Recognition
	8.22
	2.56
	73
	7.21
	3.14
	8.57
	2.25

	Language
 
	BNT30
	Boston Naming Test 30-item which correct score without cue
	21.53
	8.57
	137
	16.60
	9.17
	23.78
	7.29

	
	FAS
	The total words (FAS) from the verbal fluency test
	27.16
	13.8
	130
	26.47
	15.29
	27.43
	13.26

	
	FAS_animal
	The total words (Animals) of the verbal fluency test
	11.48
	6.13
	71
	8.72
	4.75
	12.42
	6.30

	Executive Function
 
	DSF
	Digit Span Forward
	6.01
	1.33
	142
	5.67
	1.45
	6.17
	1.25

	
	DSB
	Digit Span Backward
	3.99
	1.33
	135
	3.65
	1.21
	4.14
	1.36

	
	TrailsA
	Trail making test A
	1.63
	1.9
	111
	2.07
	1.97
	1.48
	1.87

	
	TrailsB
	Trail making test B
	4.07
	3.35
	95
	6.15
	3.37
	3.29
	3.02

	
	SIM
	Similarities test
	12.45
	5.73
	147
	10.34
	6.00
	13.35
	5.40

	Visuospatial
 
	HVOT
	[bookmark: _GoBack]Hooper Visual Organization Test
	19.64
	6.94
	113
	16.81
	7.62
	20.71
	6.39

	
	BD
	WAIS Block design
	18.45
	7.56
	94
	16.88
	8.10
	18.99
	7.35


SD: Standard deviation. NIND: Number of individuals without missing values. 

Supplementary Table 4. Summary of samples for the (binary) neuropathological traits. 
	Trait
	ALL
	E4N
	E4P

	
	Case
	Control
	Total
	Case
	Control
	Total
	Case
	Control
	Total

	AD
	52
	107
	159
	28
	92
	120
	23
	14
	37

	LBD Neo
	14
	145
	159
	11
	109
	120
	3
	34
	37

	LACI
	37
	121
	158
	26
	93
	119
	10
	27
	37

	 CAA 
	44
	115
	159
	23
	97
	120
	19
	18
	37

	Atherosclerosis
	63
	96
	159
	47
	73
	120
	15
	22
	37

	Remote microinfarcts
	63
	93
	156
	51
	66
	117
	11
	26
	37


AD: Neuropathologically confirmed Alzheimer’s disease diagnosis; LBD Neo: Neocortical Lewy body disease; LACI: Large Artery Cerebral Infarct; CAA: Cerebral amyloid angiopathy. E4N: APOE ɛ4 subjects including ɛ2/ɛ2, ɛ2/ɛ3, and ɛ3/ɛ3 carriers; E4P: APOE ɛ4+ subjects including ɛ2/ɛ4, ɛ3/ɛ4, and ɛ4/ɛ4 carriers; The sample size of each group less than 10 were exclude.  LBD Neo (Neocortical Lewy body disease) was excluded in stratification analysis. 
Supplementary Table 5. FDR significant Associations from Table 1 in APOE stratified groups in APOE stratified groups 
	Outcome
	Domain
	Test
	All
	E4N
	E4P

	
	
	
	OR
	95%CI
	P-value
	OR
	95%CI
	P-value
	OR
	95%CI
	P-value

	AD
	Memory
	VRi
	0.36
	0.22~0.59
	1.1x10-4
	0.43
	0.23~0.79
	7.36x10-3
	0.18
	0.04~0.89
	0.05

	
	Language
	BNT30
	0.46
	0.30~0.69
	3.7x10-4
	0.63
	0.38~1.05
	0.08
	0.43
	0.14~1.28
	0.14

	
	Executive Function
	TrailsB
	2.4
	1.42~4.07
	1.6x10-3
	2.11
	1.19~3.71
	0.01
	13.52
	0.82~222.62
	0.09

	LACI
	Executive Function
	TrailsA
	2.5
	1.41~4.44
	2.2x10-3
	3.33
	1.52~7.29
	3.59x10-3
	1.49
	0.26~8.45
	0.66

	CAA
	Memory
	VRi
	0.45
	0.27~0.75
	2.7x10-3
	0.46
	0.25~0.84
	0.01
	0.62
	0.19~2.05
	0.44


E4N: APOE ɛ4- subjects including ɛ2/ɛ2, ɛ2/ɛ3, and ɛ3/ɛ3 carriers; E4P: APOE ɛ4+ subjects including ɛ2/ɛ4, ɛ3/ɛ4, and ɛ4/ɛ4 carriers; OR: odds ratio; 95%CI: 95% confidence interval; AD: Neuropathologically confirmed Alzheimer’s disease diagnosis; BNT30: Boston naming testing 30 item which correct score without cue; LACI: Large Artery Cerebral Infarct; CAA: Cerebral amyloid angiopathy; VRi: Visual reproduction immediate. Bold p-values indicate FDR significant results.  


Supplementary Table 6. FDR significant Associations from Table 2 in APOE stratified groups
	Outcome
	Domain
	Test
	All
	E4N
	E4P

	
	
	
	Beta
	SE
	P-value
	Beta
	SE
	P-value
	Beta
	SE
	P-value

	BraakStage
	Memory
	VRi
	-0.39
	0.07
	2.17x10-7
	-0.26
	0.08
	1.25x10-3
	-0.61
	0.16
	5.01x10-4

	
	Language
	BNT30
	-0.29
	0.07
	1.53x10-4
	-0.10
	0.09
	0.26
	-0.46
	0.13
	1.21x10-3

	AT8
	Memory
	LMd
	-0.40
	0.08
	8.4x10-7
	-0.38
	0.09
	7.32x10-5
	-0.34
	0.16
	0.04

	
	Language
	BNT30
	-0.27
	0.08
	9.48x10-4
	-0.15
	0.1
	0.13
	-0.31
	0.14
	0.03

	
	Executive Function
	TrailsB
	0.41
	0.09
	1.61x10-5
	0.40
	0.11
	3.65x10-4
	0.19
	0.18
	0.3

	pTau231
	Language
	BNT30
	-0.28
	0.08
	1.04x10-3
	-0.23
	0.1
	0.03
	-0.41
	0.18
	0.03


E4N: APOE ɛ4- subjects including ɛ2/ɛ2, ɛ2/ɛ3, and ɛ3/ɛ3 carriers; E4P: APOE ɛ4+ subjects including ɛ2/ɛ4, ɛ3/ɛ4, and ɛ4/ɛ4 carriers; SE: standard error; AT8: antibodies to phosphorylated PHF-tau; phosphorylated tau 202; pTau231: phosphorylated tau 231; Bold p-values indicate FDR significant results.  
Supplementary Fig. 1. Study design and analysis workflow. Overview of study design to association analysis and prediction analysis of neuropsychological tests and neuropathological traits. 
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Supplementary Fig. 2.  Prediction results of neuropathological traits. The plots of AUC curves of all and significant NP tests groups, and the feature importance of the significant NP tests groups were listed. A, AD status; B, pTau181; C, pTau202; D, pTau231; E, AT8; F, 4G8.    
A.  AD status 
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B. pTau181 
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C. pTau202 
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F. AT8 
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