Supplementary Table 1. Difference analysis before and after fulling in the missing values of covariates.
	Variables
	Proportion of missing values, n (%)
	After fulling
	Before fulling
	Statistics
	P

	Drinking status, n (%)
	673 (13.97%)
	
	
	χ2=0.116
	0.733

	  No
	
	4082 (84.72)
	3501 (84.46)
	
	

	  Yes
	
	736 (15.28)
	644 (15.54)
	
	

	BMI (kg/m2), n (%)
	573 (11.89%)
	
	
	χ2=0.028
	0.986

	  <24
	
	2601 (53.99)
	2299 (54.16)
	
	

	  24-28
	
	1580 (32.79)
	1386 (32.65)
	
	

	  ≥28
	
	637 (13.22)
	560 (13.19)
	
	

	Sleep duration (hours), n (%)
	10 (0.21%)
	
	
	χ2=0.002
	0.999

	  <6
	
	1205 (25.01)
	1204 (25.04)
	
	

	  6-9
	
	3295 (68.39)
	3286 (68.34)
	
	

	  ≥9
	
	318 (6.60)
	318 (6.61)
	
	

	Social activity (score), n (%)
	176 (3.65%)
	
	
	χ2=0.020
	0.990

	  0
	
	2118 (43.96)
	2045 (44.05)
	
	

	  1-2
	
	1107 (22.98)
	1061 (22.86)
	
	

	  ≥3
	
	1593 (33.06)
	1536 (33.09)
	
	


Note: BMI, body mass index.


[bookmark: _Hlk229652431]Supplementary Table 2. Test for multicollinearity among variables.
	Variable
	Group
	[bookmark: _Hlk229658298]Variance inflation factor (VIF)

	Age (year)
	<60
	Ref

	
	≥60
	2.90936

	Gender
	Male
	Ref

	
	Female
	2.03501

	Residence
	Rural village
	Ref

	
	Urban community
	1.29466

	
	Unknown
	1.22230

	Education level
	Primary school
	Ref

	
	Junior high school
	1.22157

	
	High school and above
	1.30937

	Marital Status
	Married
	Ref

	
	Other
	1.11283

	Smoking status
	No
	Ref

	
	Yes
	1.85905

	Drinking status
	<1 time/day
	Ref

	
	≥1 time/day
	1.13935

	Physical activity
	<600 MET·min/week
	Ref

	
	≥600 MET·min/week
	4.13289

	
	Unknown
	4.11191

	Social activity score
	0
	Ref

	
	1-2
	1.19057

	
	≥3
	1.23058

	BMI
	<24 kg/m²
	Ref

	
	24-28 kg/m²
	1.15770

	
	≥28 kg/m²
	1.21106

	Stroke
	No
	Ref

	
	Yes
	1.03750

	Heart diseases
	No
	Ref

	
	Yes
	1.07922

	Diabetes
	No
	Ref

	
	Yes
	1.09587

	Hypertension
	No
	Ref

	
	Yes
	1.15794

	Dyslipidemia
	No
	Ref

	
	Yes
	1.07910

	Depression
	No
	Ref

	
	Yes
	1.20556

	Chronic pain
	No
	Ref

	
	Yes
	1.15993

	Sleep duration
	<6 h
	Ref

	
	6-9 h
	1.28428

	
	≥9 h
	1.20549

	Light BioAge
	<42.45
	Ref

	
	42.45-49.37
	1.59048

	
	49.37-56.82
	2.34290

	
	≥56.82
	4.00801


Note: BMI, body mass index; Ref, reference.


Supplementary Table 3. Sensitivity analysis of the associations of light BioAge with cognitive impairment risk and decline in mental intactness and episodic memory (unadjusted for age).
	Outcomes
	Variables
	Univariate Cox 
	Multivariate Cox

	
	
	HR (95%CI)
	P
	HR (95%CI)
	P

	Cognitive impairment
	Light BioAge
	1.29 (1.22-1.36)
	<0.001
	[bookmark: _Hlk229652190]1.20 (1.13-1.28)
	<0.001

	
	Light BioAge
	
	
	
	

	
	  <42.45
	Ref
	
	Ref
	

	
	  42.45-49.37
	1.20 (1.01-1.43)
	0.050
	1.11 (0.92-1.34)
	0.265

	
	  49.37-56.82
	1.27 (1.06-1.52)
	0.008
	1.05 (0.87-1.27)
	0.583

	
	  ≥56.82
	1.86 (1.58-2.20)
	<0.001
	1.48 (1.23-1.78)
	<0.001

	Episodic memory decline
	Light BioAge
	1.13 (1.07-1.18)
	<0.001
	[bookmark: _Hlk229652204]1.12 (1.06-1.18)
	<0.001

	
	Light BioAge
	
	
	
	

	
	  <42.45
	Ref
	
	Ref
	

	
	  42.45-49.37
	1.15 (1.01-1.32)
	0.044
	1.15 (1.01-1.33)
	0.048

	
	  49.37-56.82
	1.15 (1.01-1.32)
	0.044
	1.14 (0.98-1.32)
	0.081

	
	  ≥56.82
	1.42 (1.24-1.62)
	<0.001
	1.39 (1.20-1.62)
	<0.001

	Mental intactness decline
	Light BioAge
	1.08 (1.04-1.13)
	<0.001
	[bookmark: _Hlk229652224]1.06 (1.01-1.11)
	0.033

	
	Light BioAge
	
	
	
	

	
	  <42.45
	Ref
	
	Ref
	

	
	  42.45-49.37
	1.03 (0.90-1.16)
	0.692
	0.99 (0.87-1.13)
	0.921

	
	  49.37-56.82
	1.00 (0.88-1.14)
	0.983
	0.94 (0.82-1.08)
	0.382

	
	  ≥56.82
	1.22 (1.08-1.38)
	0.002
	1.13 (0.98-1.30)
	0.092


Note: HR, hazard ratio; CI, confidence interval; Ref, reference;
[bookmark: _Hlk229578122]Multivariate Cox regression model was adjusted for gender, residence, education level, marital status, smoking status, drinking status, physical activity, social activity, BMI, stroke, heart diseases, diabetes, hypertension, dyslipidemia, depression, chronic pain, and sleep duration.


Supplementary Table 4. Sensitivity analysis of the relationships of light BioAge with cognitive impairment risk through Discrete-Time Survival Analysis.
	Outcomes
	Variables
	Multivariate Cox proportional hazards model
	Discrete-Time Logistic Regression model

	
	
	HR (95%CI)
	P
	OR (95%CI)
	P

	Cognitive impairment
	Light BioAge
	1.24 (1.13-1.36)
	<0.001
	[bookmark: _Hlk229650522]1.03 (1.02-1.04)
	<0.001

	
	Light BioAge
	
	
	
	

	
	  <42.45
	Ref
	
	Ref
	

	
	  42.45-49.37
	1.11 (0.92-1.33)
	0.286
	1.13 (0.92-1.37)
	0.251

	
	  49.37-56.82
	1.01 (0.81-1.26)
	0.943
	1.01 (0.79-1.28)
	0.960

	
	  ≥56.82
	1.37 (1.05-1.80)
	0.023
	1.49 (1.10-2.00)
	0.009

	Episodic memory decline
	Light BioAge
	1.14 (1.05-1.23)
	0.002
	[bookmark: _Hlk229650722]1.02 (1.01-1.03)
	<0.001

	
	Light BioAge
	
	
	
	

	
	  <42.45
	Ref
	
	Ref
	

	
	  42.45-49.37
	1.16 (1.01-1.33)
	0.045
	1.18 (1.01-1.38)
	0.032

	
	  49.37-56.82
	1.17 (0.98-1.39)
	0.077
	1.19 (0.99-1.43)
	0.059

	
	  ≥56.82
	1.45 (1.16-1.81)
	<0.001
	1.55 (1.22-1.96)
	<0.001

	Mental intactness decline
	Light BioAge
	1.10 (1.02-1.18)
	0.014
	[bookmark: _Hlk229650740]1.01 (1.00-1.02)
	0.006

	
	Light BioAge
	
	
	
	

	
	  <42.45
	Ref
	
	Ref
	

	
	  42.45-49.37
	1.00 (0.88-1.13)
	0.962
	1.00 (0.87-1.15)
	0.961

	
	  49.37-56.82
	0.98 (0.84-1.15)
	0.825
	0.98 (0.83-1.16)
	0.812

	
	  ≥56.82
	1.22 (0.99-1.49)
	0.058
	1.27 (1.02-1.59)
	0.035


Note: HR, hazard ratio; OR, odds ratio; CI, confidence interval; Ref, reference;
The multivariate Cox proportional hazards model was adjusted for age, gender, residence, education level, marital status, smoking status, drinking status, physical activity, social activity, BMI, stroke, heart diseases, diabetes, hypertension, dyslipidemia, depression, chronic pain, and sleep duration.
The Discrete-Time Logistic Regression model was adjusted for the same set of covariates as the Cox model, and further incorporated follow-up period as a linear time term to capture the temporal dynamic trend of cognitive impairment risk across CHARLS discrete follow-up waves (2, 4, 7, and 9 years).


Supplementary Table 5. The predictive performance of models for cognitive impairment, mental intactness decline, and episodic memory decline.
	Outcomes
	C-index (95%CI)
	Likelihood ratio test

	
	Model l
	Model 2
	χ2
	P

	Cognitive impairment
	0.660 (0.643-0.677)
	0.665 (0.648-0.682)
	23.925
	<0.001

	Episodic memory decline
	0.551 (0.536-0.566)
	0.554 (0.538-0.569)
	11.198
	<0.001

	Mental intactness decline
	0.545 (0.531-0.559)
	0.547 (0.533-0.562)
	7.249
	0.007


Model 1 variables: age, gender, residence, education level, marital status, smoking status, drinking status, physical activity, social activity, BMI, stroke, heart diseases, diabetes, hypertension, dyslipidemia, depression, chronic pain, and sleep duration.
Model 2 variables: age, gender, residence, education level, marital status, smoking status, drinking status, physical activity, social activity, BMI, stroke, heart diseases, diabetes, hypertension, dyslipidemia, depression, chronic pain, sleep duration, and light BioAge.


Supplementary Table 6. The improvement in model prediction performance achieved by light BioAge.
	Outcomes
	NRI
	IDI

	Cognitive impairment
	0.1580 (0.0884-0.2164)
	0.0066 (0.0005-0.0130)

	Episodic memory decline
	0.1000 (0.0362-0.1756)
	0.0030 (0.0005-0.0080)

	Mental intactness decline
	0.0658 (-0.0023 to 0.1474)
	0.0015 (-0.0001 to 0.0044)


Note: NRI, net reclassification improvement; IDI, integrated discrimination improvement;
The model includes age, gender, residence, education level, marital status, smoking status, drinking status, physical activity, social activity, BMI, stroke, heart diseases, diabetes, hypertension, dyslipidemia, depression, chronic pain, and sleep duration.


Supplementary Table 7. The predictive performance of the components related to light BioAge for cognitive impairment, mental intactness decline, and episodic memory decline.
	Outcomes
	Light BioAge
C-index (95%CI)
	Age
C-index (95%CI)
	Likelihood ratio test

	
	
	
	χ2
	P

	Cognitive impairment
	[bookmark: _Hlk229647393]0.578 (0.559-0.596)
	[bookmark: _Hlk229647531]0.560 (0.544-0.576)
	27.308
	<0.001

	Episodic memory decline
	0.528 (0.513-0.544)
	0.518 (0.505-0.531)
	12.558
	<0.001

	Mental intactness decline
	0.525 (0.510-0.540)
	0.513 (0.500-0.525)
	11.356
	<0.001

	
	Light BioAge
C-index (95%CI)
	Glucose 
C-index (95%CI)
	χ2
	P

	Cognitive impairment
	0.578 (0.559-0.596)
	[bookmark: _Hlk229647546]0.513 (0.494-0.531)
	88.757
	<0.001

	Episodic memory decline
	0.528 (0.513-0.544)
	0.502 (0.487-0.517)
	26.333
	<0.001

	Mental intactness decline
	0.525 (0.510-0.540)
	0.500 (0.485-0.515)
	10.776
	<0.001

	
	Light BioAge
C-index (95%CI)
	CRP
C-index (95%CI)
	χ2
	P

	Cognitive impairment
	0.578 (0.559-0.596)
	[bookmark: _Hlk229647570]0.511 (0.492-0.530)
	87.621
	<0.001

	Episodic memory decline
	0.528 (0.513-0.544)
	0.512 (0.496-0.527)
	26.199
	<0.001

	Mental intactness decline
	0.525 (0.510-0.540)
	0.506 (0.491-0.521)
	12.064
	<0.001

	
	Light BioAge
C-index (95%CI)
	eGFR
C-index (95%CI)
	χ2
	P

	Cognitive impairment
	0.578 (0.559-0.596)
	[bookmark: _Hlk229647589]0.541 (0.523-0.560)
	67.834
	<0.001

	Episodic memory decline
	0.528 (0.513-0.544)
	0.517 (0.501-0.532)
	19.651
	<0.001

	Mental intactness decline
	0.525 (0.510-0.540)
	0.504 (0.489-0.518)
	14.481
	<0.001


Note: CRP, C-reactive protein; eGFR, estimated glomerular filtration rate. 


[bookmark: _Hlk236052265][bookmark: _Hlk236045713]Supplementary Table 8. Comparison of the predictive performance of age and age plus light BioAge.
	Outcomes
	Light BioAge + Age
C-index (95%CI)
	Age
C-index (95%CI)
	Likelihood ratio test

	
	
	
	χ2
	P

	Cognitive impairment
	[bookmark: _Hlk236051907]0.579 (0.560-0.598)
	[bookmark: _Hlk236051922]0.560 (0.544-0.576)
	28.482
	<0.001

	Episodic memory decline
	0.528 (0.512-0.544)
	0.518 (0.505-0.531)
	12.627
	<0.001

	Mental intactness decline
	0.527 (0.512-0.542)
	0.513 (0.500-0.525)
	14.034
	<0.001






[bookmark: _Hlk229745656]Supplementary Table 9. False Discovery Rate (FDR) correction for the subgroup results (m=22).
	Subgroup
	Cognitive impairment
	Episodic memory decline
	Mental intactness decline

	
	HR (95%CI)
	P
	FDR adjusted P
	HR (95%CI)
	P
	FDR adjusted P
	HR (95%CI)
	P 
	FDR adjusted P

	Residence
	
	
	
	
	
	
	
	
	

	Rural Village
	1.21 (1.07-1.37)
	0.002
	0.0040
	1.19 (1.06-1.34)
	0.003
	0.0147
	1.12 (1.01-1.25)
	0.041
	0.1344

	Urban Community
	1.42 (1.06-1.91)
	0.020
	0.0259
	1.07 (0.87-1.32)
	0.521
	0.5458
	1.20 (1.00-1.45)
	0.055
	0.1344

	Education level
	
	
	
	
	
	
	
	
	

	Primary school
	1.29 (1.18-1.42)
	<0.001
	0.0024
	1.16 (1.06-1.26)
	<0.001
	0.0110
	1.13 (1.04-1.22)
	0.003
	0.0330

	Junior high school and above
	1.09 (0.74-1.61)
	0.666
	0.6660
	1.05 (0.85-1.30)
	0.652
	0.6520
	0.96 (0.78-1.17)
	0.669
	0.7009

	Social activity score
	
	
	
	
	
	
	
	
	

	0
	1.20 (1.05-1.38)
	0.009
	0.0138
	1.07 (0.95-1.22)
	0.263
	0.3045
	1.20 (1.07-1.34)
	0.002
	0.0330

	>0
	1.27 (1.12-1.44)
	<0.001
	0.0024
	1.19 (1.07-1.32)
	0.001
	0.0110
	1.03 (0.94-1.14)
	0.52
	0.5720

	BMI
	
	
	
	
	
	
	
	
	

	Normal
	1.25 (1.11-1.41)
	<0.001
	0.0024
	1.16 (1.04-1.29)
	0.008
	0.0251
	1.08 (0.98-1.20)
	0.116
	0.1848

	Overweight/Obesity
	1.23 (1.06-1.43)
	0.006
	0.0110
	1.11 (0.98-1.25)
	0.099
	0.1361
	1.11 (0.99-1.24)
	0.078
	0.1540

	Hypertension
	
	
	
	
	
	
	
	
	

	No
	1.27 (1.12-1.45)
	<0.001
	0.0024
	1.14 (1.02-1.27)
	0.02
	0.0489
	1.11 (1.01-1.22)
	0.048
	0.1344

	Yes
	1.20 (1.05-1.37)
	0.007
	0.0118
	1.14 (1.01-1.28)
	0.029
	0.0491
	1.09 (0.97-1.21)
	0.145
	0.1882

	Diabetes
	
	
	
	
	
	
	
	
	

	No
	1.25 (1.12-1.39)
	<0.001
	0.0024
	1.14 (1.04-1.25)
	0.006
	0.0220
	1.10 (1.01-1.20)
	0.031
	0.1344

	Yes
	1.23 (1.01-1.49)
	0.038
	0.0418
	1.15 (0.97-1.36)
	0.103
	0.1361
	1.11 (0.96-1.28)
	0.173
	0.2003

	eGFR
	
	
	
	
	
	
	
	
	

	<90
	1.40 (1.19-1.65)
	<0.001
	0.0024
	1.18 (1.02-1.37)
	0.025
	0.0489
	1.11 (0.96-1.28)
	0.154
	0.1882

	>=90
	1.18 (1.04-1.34)
	0.01
	0.0138
	1.14 (1.02-1.26)
	0.016
	0.0440
	1.12 (1.02-1.23)
	0.019
	0.1045

	Depression
	
	
	
	
	
	
	
	
	

	No
	1.24 (1.11-1.39)
	<0.001
	0.0024
	1.10 (1.01-1.21)
	0.043
	0.0676
	1.07 (0.98-1.16)
	0.152
	0.1882

	Yes
	1.20 (1.02-1.41)
	0.029
	0.0336
	1.30 (1.10-1.53)
	0.002
	0.0147
	1.19 (1.03-1.37)
	0.017
	0.1045

	Chronic pain
	
	
	
	
	
	
	
	
	

	No
	1.23 (1.10-1.37)
	<0.001
	0.0024
	1.11 (1.02-1.22)
	0.022
	0.0489
	1.08 (0.99-1.18)
	0.084
	0.1540

	Yes
	1.23 (1.03-1.47)
	0.022
	0.0269
	1.21 (1.03-1.43)
	0.024
	0.0489
	1.15 (0.99-1.34)
	0.063
	0.1386

	Sleep duration
	
	
	
	
	
	
	
	
	

	Normal
	1.21 (1.08-1.37)
	0.002
	0.0040
	1.16 (1.05-1.29)
	0.003
	0.0147
	1.08 (0.98-1.18)
	0.118
	0.1848

	Abnormal
	1.27 (1.10-1.47)
	0.001
	0.0024
	1.07 (0.93-1.23)
	0.318
	0.3498
	1.14 (1.00-1.30)
	0.055
	0.1344

	Physical activity
	
	
	
	
	
	
	
	
	

	<600
	1.39 (0.95-2.05)
	0.091
	0.0953
	0.78 (0.56-1.10)
	0.155
	0.1894
	1.02 (0.77-1.37)
	0.868
	0.8680

	≥600
	1.23 (1.05-1.44)
	0.01
	0.0138
	1.15 (1.00-1.31)
	0.052
	0.0763
	1.10 (0.97-1.25)
	0.126
	0.1848



