Supplementary Table S7. Complete baseline characteristics stratified by cognitive status
A. Training set
	Variable
	MCI (n=93)
	CN (n=187)
	Statistic/effect estimate
	Raw P
	BH-adjusted P

	Age, years
	43.00 (36.00, 49.00)
	42.00 (35.00, 54.00)
	Z=-0.14
	0.889
	0.930

	Gender
	
	
	χ²=3.24
	0.072
	0.134

	Male
	89 (95.70)
	167 (89.30)
	
	
	

	Female
	4 (4.30)
	20 (10.70)
	
	
	

	Education level
	
	
	χ²=9.57
	0.008
	0.021

	Primary school
	16 (17.20)
	63 (33.69)
	
	
	

	Junior high school
	37 (39.78)
	50 (26.74)
	
	
	

	High school and above
	40 (43.01)
	74 (39.57)
	
	
	

	Marital status
	
	
	χ²=1.22
	0.747
	0.928

	Married
	57 (61.29)
	105 (56.15)
	
	
	

	Unmarried
	15 (16.13)
	38 (20.32)
	
	
	

	Divorced
	14 (15.05)
	26 (13.90)
	
	
	

	Widowed
	7 (7.53)
	18 (9.63)
	
	
	

	Per capita monthly income, yuan
	
	
	χ²=1.99
	0.575
	0.766

	<3000
	40 (43.01)
	79 (42.25)
	
	
	

	3000-5000
	16 (17.20)
	27 (14.44)
	
	
	

	5000-8000
	28 (30.11)
	52 (27.81)
	
	
	

	>8000
	9 (9.68)
	29 (15.51)
	
	
	

	BMI category
	
	
	χ²=3.03
	0.219
	0.378

	Normal
	16 (17.20)
	42 (22.46)
	
	
	

	Overweight
	21 (22.58)
	53 (28.34)
	
	
	

	Obese
	56 (60.22)
	92 (49.20)
	
	
	

	OSA duration
	10.00 (10.00, 20.00)
	15.00 (10.00, 23.00)
	Z=-1.10
	0.273
	0.425

	Smoking status
	
	
	χ²=1.50
	0.473
	0.697

	Never
	22 (23.66)
	53 (28.34)
	
	
	

	Former
	38 (40.86)
	63 (33.69)
	
	
	

	Current
	33 (35.48)
	71 (37.97)
	
	
	

	Alcohol consumption
	
	
	χ²=0.38
	0.829
	0.928

	Never
	22 (23.66)
	50 (26.74)
	
	
	

	Occasional
	23 (24.73)
	42 (22.46)
	
	
	

	Daily
	48 (51.61)
	95 (50.80)
	
	
	

	Coffee consumption
	
	
	χ²=10.12
	0.006
	0.018

	Almost no consumption
	38 (40.86)
	114 (60.96)
	
	
	

	Occasional consumption
	8 (8.60)
	11 (5.88)
	
	
	

	Frequent consumption
	47 (50.54)
	62 (33.16)
	
	
	

	Physical activity
	
	
	χ²=13.23
	0.001
	0.004

	Rare
	50 (53.76)
	92 (49.20)
	
	
	

	Occasional
	42 (45.16)
	67 (35.83)
	
	
	

	Regular
	1 (1.08)
	28 (14.97)
	
	
	

	Hypertension
	
	
	χ²=4.40
	0.036
	0.077

	Yes
	61 (65.59)
	98 (52.41)
	
	
	

	No
	32 (34.41)
	89 (47.59)
	
	
	

	Diabetes
	
	
	χ²=0.00
	0.988
	0.988

	Yes
	10 (10.75)
	20 (10.70)
	
	
	

	No
	83 (89.25)
	167 (89.30)
	
	
	

	Heart disease
	
	
	χ²=0.02
	0.896
	0.930

	Yes
	17 (18.28)
	33 (17.65)
	
	
	

	No
	76 (81.72)
	154 (82.35)
	
	
	

	Cerebrovascular disease
	
	
	χ²=0.42
	0.515
	0.720

	Yes
	21 (22.58)
	36 (19.25)
	
	
	

	No
	72 (77.42)
	151 (80.75)
	
	
	

	Hyperlipidemia
	
	
	χ²=1.44
	0.230
	0.378

	Yes
	29 (31.18)
	72 (38.50)
	
	
	

	No
	64 (68.82)
	115 (61.50)
	
	
	

	AHI, events/h
	38.10 (24.70, 62.50)
	26.00 (14.35, 37.35)
	Z=5.08
	<0.001
	<0.001

	OSA severity (descriptive only; excluded from modeling)
	
	
	χ²=33.18
	<0.001
	<0.001

	Mild
	2 (2.15)
	53 (28.34)
	
	
	

	Moderate
	41 (44.09)
	82 (43.85)
	
	
	

	Severe
	50 (53.76)
	52 (27.81)
	
	
	

	ODI, events/h
	32.40 (22.00, 53.60)
	23.70 (12.15, 33.70)
	Z=5.07
	<0.001
	<0.001

	Total sleep time, min
	408.20 (390.80, 466.50)
	409.50 (394.70, 479.75)
	Z=-0.24
	0.811
	0.928

	MSaO2, %
	91.90 (87.70, 93.90)
	92.90 (90.70, 94.25)
	Z=-2.46
	0.014
	0.032

	LSaO2, %
	75.00 (63.00, 81.00)
	77.00 (67.00, 83.00)
	Z=-1.95
	0.051
	0.103

	PHQ-9 total score
	11.00 (8.00, 15.00)
	6.00 (3.00, 8.00)
	Z=8.06
	<0.001
	<0.001

	GAD-7 total score
	15.00 (13.00, 17.00)
	9.00 (4.00, 13.00)
	Z=8.61
	<0.001
	<0.001

	ESS total score
	16.00 (13.00, 20.00)
	7.00 (3.00, 13.00)
	Z=10.14
	<0.001
	<0.001

	CPSS-14 total score
	39.00 (31.00, 47.00)
	31.00 (18.00, 41.00)
	Z=4.74
	<0.001
	<0.001

	SSRS total score
	46.00 (23.00, 50.00)
	45.00 (25.00, 50.50)
	Z=-0.25
	0.804
	0.928

	PSQI total score
	13.00 (8.00, 17.00)
	9.00 (4.00, 15.50)
	Z=3.42
	<0.001
	0.002






B. Internal algorithm-selection hold-out
	Variable
	MCI (n=38)
	CN (n=82)
	Statistic/effect estimate
	Raw P
	BH-adjusted P

	Age, years
	43.00 (34.25, 57.00)
	44.50 (37.00, 54.00)
	Z=-0.95
	0.340
	0.560

	Gender
	
	
	OR=1.18 (95% CI 0.35 to 4.04)
	1.000
	1.000

	Male
	34 (89.47)
	72 (87.80)
	
	
	

	Female
	4 (10.53)
	10 (12.20)
	
	
	

	Education level
	
	
	χ²=1.39
	0.498
	0.697

	Primary school
	10 (26.32)
	30 (36.59)
	
	
	

	Junior high school
	9 (23.68)
	19 (23.17)
	
	
	

	High school and above
	19 (50.00)
	33 (40.24)
	
	
	

	Marital status
	
	
	χ²=0.42
	0.947
	1.000

	Married
	24 (63.16)
	53 (64.63)
	
	
	

	Unmarried
	6 (15.79)
	13 (15.85)
	
	
	

	Divorced
	6 (15.79)
	10 (12.20)
	
	
	

	Widowed
	2 (5.26)
	6 (7.32)
	
	
	

	Per capita monthly income, yuan
	
	
	χ²=0.52
	0.922
	1.000

	<3000
	16 (42.11)
	36 (43.90)
	
	
	

	3000-5000
	9 (23.68)
	15 (18.29)
	
	
	

	5000-8000
	10 (26.32)
	23 (28.05)
	
	
	

	>8000
	3 (7.89)
	8 (9.76)
	
	
	

	BMI category
	
	
	χ²=6.15
	0.046
	0.144

	Normal
	4 (10.53)
	24 (29.27)
	
	
	

	Overweight
	10 (26.32)
	23 (28.05)
	
	
	

	Obese
	24 (63.16)
	35 (42.68)
	
	
	

	OSA duration
	11.00 (10.00, 18.75)
	15.00 (10.00, 20.00)
	Z=-1.20
	0.231
	0.461

	Smoking status
	
	
	χ²=0.09
	0.957
	1.000

	Never
	10 (26.32)
	22 (26.83)
	
	
	

	Former
	14 (36.84)
	28 (34.15)
	
	
	

	Current
	14 (36.84)
	32 (39.02)
	
	
	

	Alcohol consumption
	
	
	χ²=1.18
	0.554
	0.738

	Never
	12 (31.58)
	20 (24.39)
	
	
	

	Occasional
	6 (15.79)
	19 (23.17)
	
	
	

	Daily
	20 (52.63)
	43 (52.44)
	
	
	

	Coffee consumption
	
	
	χ²=5.02
	0.069
	0.176

	Almost no consumption
	20 (52.63)
	54 (65.85)
	
	
	

	Occasional consumption
	0 (0.00)
	4 (4.88)
	
	
	

	Frequent consumption
	18 (47.37)
	24 (29.27)
	
	
	

	Physical activity
	
	
	χ²=5.82
	0.054
	0.150

	Rare
	21 (55.26)
	31 (37.80)
	
	
	

	Occasional
	16 (42.11)
	38 (46.34)
	
	
	

	Regular
	1 (2.63)
	13 (15.85)
	
	
	

	Hypertension
	
	
	χ²=1.21
	0.271
	0.475

	Yes
	24 (63.16)
	43 (52.44)
	
	
	

	No
	14 (36.84)
	39 (47.56)
	
	
	

	Diabetes
	
	
	χ²=1.25
	0.264
	0.475

	Yes
	7 (18.42)
	9 (10.98)
	
	
	

	No
	31 (81.58)
	73 (89.02)
	
	
	

	Heart disease
	
	
	χ²=0.73
	0.392
	0.610

	Yes
	9 (23.68)
	14 (17.07)
	
	
	

	No
	29 (76.32)
	68 (82.93)
	
	
	

	Cerebrovascular disease
	
	
	χ²=2.22
	0.136
	0.293

	Yes
	11 (28.95)
	14 (17.07)
	
	
	

	No
	27 (71.05)
	68 (82.93)
	
	
	

	Hyperlipidemia
	
	
	χ²=0.07
	0.785
	0.956

	Yes
	13 (34.21)
	26 (31.71)
	
	
	

	No
	25 (65.79)
	56 (68.29)
	
	
	

	AHI, events/h
	28.40 (24.40, 50.90)
	24.55 (14.32, 40.35)
	Z=2.76
	0.006
	0.023

	OSA severity (descriptive only; excluded from modeling)
	
	
	χ²=13.55
	0.001
	0.005

	Mild
	0 (0.00)
	23 (28.05)
	
	
	

	Moderate
	19 (50.00)
	33 (40.24)
	
	
	

	Severe
	19 (50.00)
	26 (31.71)
	
	
	

	ODI, events/h
	26.15 (21.70, 44.25)
	22.20 (12.33, 37.25)
	Z=2.67
	0.008
	0.027

	Total sleep time, min
	403.35 (385.40, 413.50)
	410.25 (396.27, 498.83)
	Z=-1.50
	0.134
	0.293

	MSaO2, %
	93.50 (89.08, 94.25)
	93.20 (90.70, 94.15)
	Z=-0.32
	0.750
	0.954

	LSaO2, %
	78.50 (60.75, 83.00)
	76.00 (67.50, 83.00)
	Z=-0.79
	0.431
	0.635

	PHQ-9 total score
	12.00 (8.00, 15.00)
	4.00 (3.00, 8.00)
	Z=5.54
	<0.001
	<0.001

	GAD-7 total score
	14.00 (11.25, 17.00)
	8.00 (4.00, 10.75)
	Z=5.46
	<0.001
	<0.001

	ESS total score
	15.00 (13.00, 19.75)
	8.00 (4.25, 14.00)
	Z=5.76
	<0.001
	<0.001

	CPSS-14 total score
	43.00 (36.00, 50.75)
	30.00 (20.25, 41.50)
	Z=4.47
	<0.001
	<0.001

	SSRS total score
	45.00 (18.50, 50.00)
	45.00 (29.00, 49.00)
	Z=0.02
	0.986
	1.000

	PSQI total score
	14.50 (9.00, 17.75)
	9.00 (4.00, 14.00)
	Z=3.25
	0.001
	0.005






C. External validation set
	Variable
	MCI (n=57)
	CN (n=135)
	Statistic/effect estimate
	Raw P
	BH-adjusted P

	Age, years
	42.00 (35.00, 53.00)
	42.00 (36.00, 55.00)
	Z=-0.59
	0.554
	0.862

	Gender
	
	
	OR=0.95 (95% CI 0.28 to 3.21)
	1.000
	1.000

	Male
	53 (92.98)
	126 (93.33)
	
	
	

	Female
	4 (7.02)
	9 (6.67)
	
	
	

	Education level
	
	
	χ²=3.47
	0.176
	0.380

	Primary school
	11 (19.30)
	44 (32.59)
	
	
	

	Junior high school
	20 (35.09)
	39 (28.89)
	
	
	

	High school and above
	26 (45.61)
	52 (38.52)
	
	[bookmark: _GoBack]
	

	Marital status
	
	
	χ²=0.28
	0.963
	0.999

	Married
	32 (56.14)
	78 (57.78)
	
	
	

	Unmarried
	11 (19.30)
	26 (19.26)
	
	
	

	Divorced
	10 (17.54)
	20 (14.81)
	
	
	

	Widowed
	4 (7.02)
	11 (8.15)
	
	
	

	Per capita monthly income, yuan
	
	
	χ²=1.07
	0.785
	0.930

	<3000
	25 (43.86)
	57 (42.22)
	
	
	

	3000-5000
	10 (17.54)
	19 (14.07)
	
	
	

	5000-8000
	16 (28.07)
	38 (28.15)
	
	
	

	>8000
	6 (10.53)
	21 (15.56)
	
	
	

	BMI category
	
	
	χ²=1.58
	0.453
	0.747

	Normal
	11 (19.30)
	30 (22.22)
	
	
	

	Overweight
	13 (22.81)
	40 (29.63)
	
	
	

	Obese
	33 (57.89)
	65 (48.15)
	
	
	

	OSA duration
	10.00 (10.00, 20.00)
	15.00 (10.00, 25.00)
	Z=-1.79
	0.074
	0.188

	Smoking status
	
	
	χ²=0.10
	0.953
	0.999

	Never
	15 (26.32)
	38 (28.15)
	
	
	

	Former
	21 (36.84)
	47 (34.81)
	
	
	

	Current
	21 (36.84)
	50 (37.04)
	
	
	

	Alcohol consumption
	
	
	χ²=0.78
	0.677
	0.902

	Never
	17 (29.82)
	35 (25.93)
	
	
	

	Occasional
	14 (24.56)
	29 (21.48)
	
	
	

	Daily
	26 (45.61)
	71 (52.59)
	
	
	

	Coffee consumption
	
	
	χ²=2.84
	0.241
	0.483

	Almost no consumption
	25 (43.86)
	77 (57.04)
	
	
	

	Occasional consumption
	5 (8.77)
	10 (7.41)
	
	
	

	Frequent consumption
	27 (47.37)
	48 (35.56)
	
	
	

	Physical activity
	
	
	χ²=9.09
	0.011
	0.034

	Rare
	30 (52.63)
	65 (48.15)
	
	
	

	Occasional
	27 (47.37)
	51 (37.78)
	
	
	

	Regular
	0 (0.00)
	19 (14.07)
	
	
	

	Hypertension
	
	
	χ²=0.71
	0.400
	0.734

	Yes
	35 (61.40)
	74 (54.81)
	
	
	

	No
	22 (38.60)
	61 (45.19)
	
	
	

	Diabetes
	
	
	χ²=0.04
	0.849
	0.951

	Yes
	6 (10.53)
	13 (9.63)
	
	
	

	No
	51 (89.47)
	122 (90.37)
	
	
	

	Heart disease
	
	
	χ²=0.28
	0.595
	0.877

	Yes
	12 (21.05)
	24 (17.78)
	
	
	

	No
	45 (78.95)
	111 (82.22)
	
	
	

	Cerebrovascular disease
	
	
	χ²=0.65
	0.420
	0.734

	Yes
	13 (22.81)
	24 (17.78)
	
	
	

	No
	44 (77.19)
	111 (82.22)
	
	
	

	Hyperlipidemia
	
	
	χ²=3.60
	0.058
	0.162

	Yes
	15 (26.32)
	55 (40.74)
	
	
	

	No
	42 (73.68)
	80 (59.26)
	
	
	

	AHI, events/h
	29.40 (24.40, 50.30)
	26.70 (14.75, 37.80)
	Z=2.98
	0.003
	0.012

	OSA severity (descriptive only; excluded from modeling)
	
	
	χ²=15.43
	<0.001
	0.003

	Mild
	2 (3.51)
	37 (27.41)
	
	
	

	Moderate
	27 (47.37)
	57 (42.22)
	
	
	

	Severe
	28 (49.12)
	41 (30.37)
	
	
	

	ODI, events/h
	26.60 (21.70, 45.60)
	23.90 (12.35, 35.35)
	Z=3.02
	0.003
	0.012

	Total sleep time, min
	408.20 (399.90, 488.50)
	408.90 (394.70, 480.00)
	Z=0.26
	0.797
	0.930

	MSaO2, %
	92.40 (90.30, 94.10)
	92.90 (90.15, 94.10)
	Z=-0.46
	0.647
	0.902

	LSaO2, %
	76.00 (70.00, 83.00)
	77.00 (67.00, 83.00)
	Z=-0.32
	0.750
	0.930

	PHQ-9 total score
	11.00 (8.00, 14.00)
	6.00 (3.00, 8.00)
	Z=5.94
	<0.001
	<0.001

	GAD-7 total score
	14.00 (13.00, 17.00)
	9.00 (5.00, 14.00)
	Z=5.87
	<0.001
	<0.001

	ESS total score
	16.00 (13.00, 20.00)
	8.00 (3.00, 13.00)
	Z=7.92
	<0.001
	<0.001

	CPSS-14 total score
	39.00 (32.00, 46.00)
	31.00 (19.00, 41.00)
	Z=3.23
	0.001
	0.007

	SSRS total score
	45.00 (19.00, 49.00)
	46.00 (26.00, 52.00)
	Z=-1.62
	0.106
	0.248

	PSQI total score
	14.00 (7.00, 17.00)
	9.00 (4.00, 16.00)
	Z=2.55
	0.011
	0.034


Note. Continuous variables are presented as median (Q1, Q3); categorical variables are presented as n (%). The continuous-variable Z statistics were recalculated from the two-sided Mann-Whitney U tests with correct direction and are numerically consistent with their P values. Sparse categorical tables used exact or Monte Carlo procedures as indicated by the statistic label. Benjamini-Hochberg-adjusted P values were calculated separately within each dataset. OSA severity is retained here for descriptive reporting only and is excluded from all AHI-only feature-selection and model-development analyses because it is directly derived from AHI. For sparse 2x2 sex comparisons analyzed with Fisher’s exact test, the Statistic/effect estimate column reports the odds ratio (male vs female odds of MCI) with a 95% Wald confidence interval.
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