Supplementary Information
Supplementary Table 1. A total of 17 brain subregions were derived through automatic brain parcellation and the merging of neighboring anatomical structures. Other anatomical structures such as Cerebral_WM, Corpus_Callosum, and Cingulate_Gyrus were categorized into frontal, parietal, occipital, and temporal lobes based on their proximity principle.
	Number
	Brain subregions
	Anatomical structures

	1
	Frontal_Lobe_L
	Precentral_L, Frontal_Sup_L, Frontal_Mid_Rostral_L, Frontal_Mid_Caudal_L, Frontalpole_L, Orbitofrontal_Lat_L, Orbitofrontal_Med_L, Parsopercularis_L, Parsorbitalis_L, Parstriangularis_L

	2
	Frontal_Lobe_R
	Precentral_R, Frontal_Sup_R, Frontal_Mid_Rostral_R, Frontal_Mid_Caudal_R, Frontalpole_R, Orbitofrontal_Lat_R, Orbitofrontal_Med_R, Parsopercularis_R, Parsorbitalis_R, Parstriangularis_R

	3
	Parietal_Lobe_L
	Postcentral_L, Paracentral_L, Parietal_Sup_L, Parietal_Inf_L, Precuneus_L, Supramarginal_L 

	4
	Parietal_Lobe_R
	Postcentral_R, Paracentral_R, Parietal_Sup_R, Parietal_Inf_R, Precuneus_R, Supramarginal_R

	5
	Occipital_Lobe_L
	Cuneus_L, Lingual_L, Pericalcarine_L, Occipital_Lat_L

	6
	Occipital_Lobe_R
	Cuneus_R, Lingual_R, Pericalcarine_R, Occipital_Lat_R

	7
	Temporal_Lobe_L
	Hippocampus_L, Parahippocampal_L, Entorhinal_L, Fusiform_L, Temporal_Sup_L, Temporal_Mid_L, Temporal_Inf_L, Temporalpole_L, Temporal_Sup_Banks_L, Transversetemporal_L

	8
	Temporal_Lobe_R
	Hippocampus_R, Parahippocampal_R, Entorhinal_R, Fusiform_R, Temporal_Sup_R, Temporal_Mid_R, Temporal_Inf_R, Temporalpole_R, Temporal_Sup_Banks_R, Transversetemporal_R

	9
	Cerebellum_L
	Cerebellum_Cortex_L, Cerebellum_WM_L

	10
	Cerebellum_R
	Cerebellum_Cortex_R, Cerebellum_WM_R

	11
	Thalamus_L
	Thalamus_L, VentralDC_L

	12
	Thalamus_R
	Thalamus_R, VentralDC_R

	13
	Basal_Ganglia_L
	Amygdala_L, Caudate_L, Putamen_L, Pallidum_L, Accumbens_Area_L, Insula_L

	14
	Basal_Ganglia_R
	Amygdala_R, Caudate_R, Putamen_R, Pallidum_R, Accumbens_Area_R, Insula_R

	15
	Centrum_semiovale_L
	Centrum_semiovale_L

	16
	Centrum_semiovale_R
	Centrum_semiovale_R

	17
	Brainstem
	Pons, Midbrain, Medulla, SCP





Supplementary Table 2. Hyperparameters used by the four models.
	Model
	N(Input features)
	N(Selected features)
	Preprocessor
	Classifier
	Hyperparameters

	MoCA
	72
	6
	Quantile transformer
	GP
	· Smoothness: 1.0
· Refitting iterations: 10
· Classification threshold: 0.76

	PSQI
	72
	6
	z-score scaler
	DT
	· Class weight: None
· Criterion: Gini impurity
· Max depth: 4
· Minimum samples per leaf: 1
· Minimum samples for a node split: 2
· Splitting strategy: best split
· Classification threshold: 0.85

	ISI
	72
	6
	BOX-COX transformer
	GP
	· Smoothness: 1.0
· Refitting iterations: 10
· Classification threshold: 0.51

	ESS
	72
	6
	Quantile transformer
	DT
	· Class weight: None
· Criterion: Gini impurity
· Max depth: 4
· Minimum samples per leaf: 1
· Minimum samples for a node split: 2
· Splitting strategy: best split
· Classification threshold: 0.80
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[bookmark: OLE_LINK1]Supplementary Figure 1. Distribution of cognitive function, sleep quality, insomnia, and subjective excessive daytime sleepiness for all participants. A label “0” in each of the four dimensions represents cognitive normalization, good sleep quality, non-insomnia, and non-sleepiness, while a “1” represents cognitive impairment sleep quality, insomnia, and sleepiness.


[image: ]
[bookmark: _Hlk172539414]Supplementary Figure 1. Distribution of the six features used for the MoCA prediction model. The feature distributions of participants with or without cognitive impairment in the training and testing datasets are visualized in (a ~ f) and (g ~ l), respectively. Age distribution is represented by histograms and Gaussian curves. The box-and-whisker plot in the violin plot covers the 25% ~ 75% measurement range and is labeled median, 25% percentile, and 75% percentile. Data points are arranged in a swarm fashion to ensure that they do not overlap, and outliers are marked with black-edged circles. Statistical analyses are performed between the cognitive normalization and cognitive impairment groups using Mann-Whitney U tests. The asterisk represents two-tailed p value, with ** indicating p < 0.01 and * indicating p < 0.05.
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Supplementary Figure 2. Distribution of the six features used for the PSQI prediction model. The feature distributions of participants with good and poor subjective sleep quality in the training and testing datasets are visualized in (a ~ f) and (g ~ l), respectively. The box-and-whisker plot in the violin plot covers the 25% ~ 75% measurement range and is labeled median, 25% percentile, and 75% percentile. Data points are arranged in a swarm fashion to ensure that they do not overlap, and outliers are marked with black-edged circles. Statistical analyses are performed between the good sleep and poor sleep groups using Mann-Whitney U tests, and no significant differences are found.
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Supplementary Figure 3. Distribution of the six features used for the ISI prediction model. The feature distributions of insomniac and non-insomniac participants in the training and testing datasets are visualized in (a ~ f) and (g ~ l), respectively. The box-and-whisker plot in the violin plot covers the 25% ~ 75% measurement range and is labeled median, 25% percentile, and 75% percentile. Data points are arranged in a swarm fashion to ensure that they do not overlap, and outliers are marked with black-edged circles. Statistical analyses are performed between the non-insomnia and insomnia groups using Mann-Whitney U tests, and no significant differences are found.
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Supplementary Figure 4. Distribution of the six features used for the ESS prediction model. The feature distributions of participants with or without sleepiness in the training and testing datasets are visualized in (a ~ f) and (g ~ l), respectively. The box-and-whisker plot in the violin plot covers the 25% ~ 75% measurement range and is labeled median, 25% percentile, and 75% percentile. Data points are arranged in a swarm fashion to ensure that they do not overlap, and outliers are marked with black-edged circles. Age distribution is represented by histograms and Gaussian curves. Statistical analyses are performed between the non-sleepy and sleepy groups using Mann-Whitney U tests. The asterisk represents a two-tailed p value, with ** indicating p < 0.01.


image1.tiff
ESS 4

(S

PsQl 4

MoCA

Label =1





image2.tiff
a — — b 400 C
Cognitive normalization
Cognitive impairment 2 £y
04 Ex 3 300 16.00 £
H B0 00
g g 237.00 =
Sos % 200 5
g % 2 15
g < =
- = @«
o @«
£02 z 100 g 10 0
2 s 0 § 05
e :
o1 E o £
E 3 00
< z
-100 05
0 40 60 Cognitive normalization Cognitive impairment Cognitive normalization Cognitive impairment
d Age (years) e f
12 - -
100 [ pue—
10 075 » 12 173
o o
@ >3 03
2 £ 80 s
85, 5 8 29
5% H 3%
£5 . 589 ) 52 49
52 ' g S
c 6 c 6
58 2w ) S g
° 3E o £
8E 4 28 g8
= 8% 2 g% 2
- - e
) zE =
0 ! 0 0.00
o

Cognitive normalization Cognitive impairment Cognitive normalization Cognitive impairment Cognitive normalization Cognitive impairment

«

o

>
>

Cognitive normalization

25
Cognitive impairment & 40 ]
05 2 E
R P 520 00
o S £
204 2 = 15
5 % 200 5
g 2 =
Zos < 5 10 oo
2 2 100 &
S02 % 5 05
© 2 0 2
£ £ 00
o1 3 5
2 100 “ .08
0ol

10 20 30 40 50 60 Cognitive normalization Cognitive impairment Cognitive normalization Cognitive impairment
Age (years)

Lt
S
=

2
&

4
7
2 o 30 ')
@ 20 >3 w2
>ao8 [ 93 >g3
g 8 w | £f
5 g °
8 582 82
B & =)
gg° . ] g5
s £ 22
&= 081 35"
g0 2 S g9
g g g &
254 g2 z%0 0 0
zE 0 0 <
-
2 -10

Cognitive normalization Cognitive impairment Cognitive normalization Cognitive impairment Cognitive normalizationCognitive impairment




image3.tiff
a o a o o
8 8 8 8 8
o ° o < °
@ @ @ @
5 ] 5 ]
8 8 8 8
4 c 4 I
2 o o o © o o
b4 S 3 8 3 S 8 g ]
K o, @ K @
3 3 3 3
8 8 8 8
4} [} [} [}
S 3 & ¢ o & o S @ B s & & & & o o 3 B P
8 8 8 3 R§ 8 e 8 8 2 8 g 2
S[eAOIWSS WNJUSD Yo Ul 3qol 1900 33| Ut S[EAOIWSS WNJUSO Yo Ul 2qo| [eydiooo yaj ul
©  SAdoamennd sbeiany - SAd Jo uibu3) abeseny '~ SAd o amennd sbeieny _ SAd 10 Ulbu3| aBeseny
s
2 a ° a a a
2 8 8 8 8
@ W a W
8 8 8 8
4 I 4 I
3 3 g
° a o o 8 g 38 o
2 g 8 g g 8
i 3 5 3 @
3 3 3 3
8 8 8 8
& & & [}
8 8 < { ° ] 8 8 8 8 ° 2 | ° 8 8 8 8 °
? A @ ~ = < 3 & ES
Slenojwas Wwnjued ybu Ul elBueb [eseq ya| Ul SAJ JO BWN[OA Slenoiuas WnAjusd wzm: u eNBues [eseq Ya| Ul SAJ JO BWN[OA
0 aInjeAInd abeiany SAd J0 ainjeand abelany
o SAd 10 ainy 2 ° c ~
8 o a o a
g 8 ] 8 8
d ® » ® »
5 5 5 5
8 8 8 8
[N o o o
8 a a a g a
5 8 ] 8 o 8 8
- @ K @ - ®
5 - o 5
3 3 3 3
8 8 8 8
[} [} ] [}
88 8 88 8 ° 8 g ¢ & @ < o g & g & ° 8 8 ¥ & = < =
TooC e W ellBues [eseq o] Ul SA J0 JoquinN ¥ & - - elIBuEB [esEq o] Ul SA 10 Joquiny
2qo| [e10dWs} 3] Ui SA JO BINOA 2q0| [elodLis} 3] Ui SA JO BLINOA
© - o —_




image4.tiff
8 8 8 2 8
£ £ £
£ = £ £
s s s
2 2 2
= £ =
) ° o )
£ 8 . £ g . H
s s s
2 2 2
£ £ £
< < <
S S S
z z z
2 2 g g e © o = & - & - 3 3 ° S o ® -
8 ¢ 8 8 ¢ 2 g 3 ] 2 2 g
2qo] [ejuoly 3B Ul 2q0] [£}(dI000 3] Ul SAd J0 JqUINN 5qo] [eyuo1y Y6l U 2qo] [eydio00 3| Ul SAd JO JequInN.
) SAd J0 BINnjeAIn aBeIoAY - _ SAd J0 2InjeaIn aBeleny -
2 = = =
| m ‘ m ‘
s s s
2 2 2
= = =
= = =
8 £ £ 8 £ 8
© 5 s s
2 2 2
£ £ £
< < <
S s S
z z z
o & © @ Fy S ° & ° P T < @ & - B -
elbue |eseq ya| ul 5001 16090 JuBU Ul SA J0 SWINIOA enus feseq et 290 [23/ci220 JUBLI Ul S/ J0 SWnioA
SAd Jo Uibua| abelany ) c SAd 0 uibus)| abeseny
o ] = E 3
g ] < ]
8 2 m £ i
£ £ £
2 2 2
= = =
] - s ]
m d w m ' :
s = s s
2 2 2
£ < £
< < <
5 5 s
z z z
8 | 8 e ° ° © « © @ & 8 < ° hd -
- = wnjjaqaied yaj ul 0 Jaquin) = wnjjaqaied yaj ul 0 Jaquin)
SAd 10 Jaquiny l1aq W3l Ul SAd Jo JaquinN SAd 10 Joquiny l12q ol Ul SAd Jo JaquinN
© k-] o —

Insomnia

Non-insomnia

Insomnia

Non-insomnia

Insomnia

Non-insomnia




image5.tiff
@ B @ @
@ g 2 @2
8 3 8 8
£ S £ £
s s s
e 5 5
2 2 2
) @ 2]
P P P
8 H 8 8
2 £ 2 £ 5 £
> a = a 4 g
o 2 o
2 2 2
@ e ?
< < <
S S S
z z z
° 3 © < & Fy 3 ° o ° ° @ © <
elfueb [eseq ya) ul 200 (11090 1Bl Ul SA JO BUINJOA ! elfueb [eseq ya| ul 3q0| _Sn_uoo Em: uI SAd Jo mEz_o>
o SAd J0 yibua) abesany - SAd J0 yibua) aBesany
@ 2 2
o 3 o
g g g
£ s £
@ @ e
o o o
2] 2 2]
*
*
2 2 2
2
£ £ £ &
& & 3
2 2 2
? ? ?
< < <
s s s
z z z
& 6 o o o 8 S 0 2w ° © B S ° o
= ! 8888 ? 2 S[EAOIWES WNIUSO o] Ul - = ’
s[eAOILBS WNNUBO Y] U EAol ! aqo] |eyuoy Yo| ur
J 2q0] [ejuod 3l ul SAd 40 yiBus| aBesany 4
SAd Jo yiBus) aBeseny 0 anjeAIn abelan SAd o ainjenind abeleny
o o SN v IS x
o
2
2
2 |54 2
& (33 8
g |oc g
5 |es £
ki §0 H]
w |Zo — )
2
s
3
> 2
@ o
a a |£
] < o g |59
< S £ g2
& ] g |23
° 8 |t8
7 @ °
H £ |22
z e z
8 8 e | ° 8 3 E 2 ° 0 I 2 < =z S
. S E s S
a|eAoILBS WNNUED 1YL Ul 5:2&3. Shesy S[BAOIWSS WINJUSD JBU Ul fouanbay snneay
j0 21njenin abeseny
© SAd 0 21njeand sbesaay kel o SAd & e \ —

Sleepiness

Non-sleepiness

Sleepiness

Non-sleepiness

10

Age (years)




