Table S1. Association between baseline RAR and risk of incident cognitive impairment (excluding events within the first 2 years of follow-up)
	Exposure
	Model 1
	　
	Model 2
	　
	Model 3
	　

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

	RAR (continuous)
	1.33 (1.20, 1.48)
	<0.001
	1.21 (1.08, 1.35)
	0.001
	1.16 (1.01, 1.33)
	0.039 

	RAR (quartiles)
	
	
	
	
	
	

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.43 (1.19, 1.72)
	<0.001
	1.23 (1.02, 1.48)
	0.027
	1.19 (0.99, 1.44)
	0.070 

	Q3
	1.64 (1.37, 1.96)
	<0.001
	1.37 (1.14, 1.64)
	0.001
	1.31 (1.09, 1.58)
	0.005 

	Q4
	1.72 (1.43, 2.07)
	<0.001
	1.40 (1.16, 1.70)
	<0.001
	1.29 (1.05, 1.57)
	0.014

	P for trend
	　
	<0.001
	　
	<0.001
	　
	0.009 


Note: Hazard ratios were calculated using Cox proportional hazards models. Model 1 was unadjusted. Model 2 was adjusted for age, sex, ethnicity, education level, and marital status. Model 3 was further adjusted for smoking status, alcohol consumption, hypertension, diabetes, stroke, heart disease, moderate physical activity, BMI, vitamin D, fasting glucose, HDL-C, and LDL-C.	
Abbreviations: BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; RAR, red blood cell distribution width-to-albumin ratio.













Table S2. Association between baseline RAR and risk of incident cognitive impairment (Complete-Case Analysis)
	Exposure
	Model 1
	　
	Model 2
	　
	Model 3
	　

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

	RAR (continuous)
	1.39 (1.27, 1.53)
	<0.001
	1.24 (1.13, 1.37)
	<0.001
	1.20 (1.08, 1.33)
	0.001 

	RAR (quartiles)
	
	
	
	
	
	

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.30 (1.12, 1.52)
	0.001
	1.11 (0.96, 1.30)
	0.166
	1.09 (0.94, 1.27)
	0.252 

	Q3
	1.50 (1.30, 1.74)
	<0.001
	1.23 (1.06, 1.43)
	0.007
	1.19 (1.02, 1.39)
	0.024 

	Q4
	1.74 (1.50, 2.01)
	<0.001
	1.38 (1.19, 1.61)
	<0.001
	1.31 (1.12, 1.53)
	0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Note: Hazard ratios were calculated using Cox proportional hazards models. Model 1 was unadjusted. Model 2 was adjusted for age, sex, ethnicity, education level, and marital status. Model 3 was further adjusted for smoking status, alcohol consumption, hypertension, diabetes, stroke, heart disease, moderate physical activity, BMI, vitamin D, fasting glucose, HDL-C, and LDL-C.		
Abbreviations: BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; RAR, red blood cell distribution width-to-albumin ratio.			













Table S3. Competing risk analysis of the association between baseline RAR and incident cognitive impairment (Fine-Gray model)		
	Exposure
	Model 1
	　
	Model 2
	　
	Model 3
	　

	
	SHR (95% CI) 
	P value
	SHR (95% CI) 
	P value
	SHR (95% CI) 
	P value

	RAR (continuous)
	1.15 (1.07, 1.23)
	<0.001
	1.13 (1.05, 1.21)
	0.001
	1.09 (1.01, 1.17)
	0.032 

	RAR (quartiles)
	
	
	
	
	
	

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.29 (1.12, 1.48)
	0.001
	1.28 (1.11, 1.47)
	<0.001
	1.25 (1.09, 1.44)
	0.002

	Q3
	1.39 (1.21, 1.59)
	<0.001
	1.35 (1.18, 1.55)
	<0.001
	1.32 (1.15, 1.52)
	<0.001

	Q4
	1.44 (1.26, 1.66)
	<0.001
	1.40 (1.22, 1.60)
	<0.001
	1.33 (1.15, 1.53)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Note: SHR and 95% CI were calculated using Fine-Gray competing risk models, with death as the competing event. Model 1 was unadjusted. Model 2 was adjusted for age, sex, ethnicity, education level, and marital status. Model 3 was further adjusted for smoking status, alcohol consumption, hypertension, diabetes, stroke, heart disease, moderate physical activity, BMI, vitamin D, fasting glucose, HDL-C, and LDL-C.
Abbreviations: BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RAR, red blood cell distribution width-to-albumin ratio; SHR, subdistribution hazard ratio.		













Table S4. Fit indices for cognitive function trajectory models with different numbers of classes
	Fit statistics
	Number of classes
	　
	　
	　
	　

	　
	1
	2
	3
	4
	5
	6

	AIC
	108705
	104591.3
	103607
	103466.9
	103179.6
	103075.8

	BIC
	108728.7
	104646.6
	103693.8
	103585.2
	103329.5
	103257.2

	AvePP
	Class 1, 1.00
	Class 1, 0.92
	Class 1, 0.81
	Class 1, 0.81
	Class 1, 0.79
	Class 1, 0.80

	
	
	Class 2, 0.92
	Class 2, 0.91
	Class 2, 0.90
	Class 2, 0.69
	Class 2, 0.64

	
	
	
	Class 3, 0.85
	Class 3, 0.73
	Class 3, 0.85
	Class 3, 0.79

	
	
	
	
	Class 4, 0.75
	Class 4, 0.72
	Class 4, 0.73

	
	
	
	
	
	Class 5, 0.73
	Class 5, 0.71

	
	
	
	
	
	
	Class 6, 0.64

	Class proportion
	Class 1, 100%
	Class 1, 49.79%
	Class 1, 40.47%
	Class 1, 44.94%
	Class 1, 39.11%
	Class 1, 33.04%

	
	
	Class 2, 50.21%
	Class 2, 43.14%
	Class 2, 40.15%
	Class 2, 26.29%
	Class 2, 29.41%

	
	
	
	Class 3, 16.39%
	Class 3, 4.56%
	Class 3, 23.65%
	Class 3, 10.10%

	
	
	
	
	Class 4, 10.35%
	Class 4, 4.79%
	Class 4, 3.50%

	
	
	
	
	
	Class 5, 6.16%
	Class 5, 2.21%

	　
	　
	　
	　
	　
	　
	Class 6, 21.74%


Abbreviations: AIC, Akaike Information Criterion; AvePP, Average Posterior Probability; BIC, Bayesian Information Criterion.










Table S5. Baseline characteristics of participants stratified by cognitive function trajectories
	Characteristics
	Overall
	Trajectory of cognitive function
	
	P value

	
	
	High-stable
	Middle-slow decline
	Low-rapid decline
	

	Number, n
	5485
	2220
	2366
	899
	　

	Age, years
	70.70 ± 7.84
	68.32 ± 6.52
	71.63 ± 8.05
	74.09 ± 8.49
	<0.001

	Sex, n (%)
	
	
	
	
	<0.001

	Male
	2292 (41.79)
	825 (37.16)
	1084 (45.82)
	383 (42.60)
	

	Female
	3193 (58.21)
	1395 (62.84)
	1282 (54.18)
	516 (57.40)
	

	Ethnicity, n (%)
	
	
	
	
	<0.001

	Non-Hispanic
	4839 (88.29)
	2026 (91.34)
	2066 (87.39)
	747 (83.09)
	

	Hispanic
	642 (11.71)
	192 (8.66)
	298 (12.61)
	152 (16.91)
	

	Residence, n (%)
	
	
	
	
	0.092

	Urban
	2666 (48.62)
	1063 (47.90)
	1136 (48.03)
	467 (51.95)
	

	Rural
	2817 (51.38)
	1156 (52.10)
	1229 (51.97)
	432 (48.05)
	

	Education level, n (%)
	
	
	
	
	<0.001

	Less than upper secondary
	577 (10.52)
	90 (4.05)
	283 (11.97)
	204 (22.69)
	

	Upper secondary and vocational
	1766 (32.21)
	519 (23.38)
	894 (37.82)
	353 (39.27)
	

	Tertiary
	3140 (57.27)
	1611 (72.57)
	1187 (50.21)
	342 (38.04)
	

	Marital status, n (%)
	
	
	
	
	<0.001

	Married
	2162 (39.46)
	787 (35.47)
	928 (39.31)
	447 (49.72)
	

	Other
	3317 (60.54)
	1432 (64.53)
	1433 (60.69)
	452 (50.28)
	

	Smoking status, n (%)
	
	
	
	
	<0.001

	No
	2517 (46.10)
	1098 (49.77)
	1044 (44.24)
	375 (41.95)
	

	Yes
	2943 (53.90)
	1108 (50.23)
	1316 (55.76)
	519 (58.05)
	

	Alcohol consumption, n (%)
	
	
	
	
	<0.001

	No
	2172 (39.62)
	720 (32.46)
	1005 (42.49)
	447 (49.72)
	

	Yes
	3310 (60.38)
	1498 (67.54)
	1360 (57.51)
	452 (50.28)
	

	Moderate physical activity, n (%)
	
	
	
	
	<0.001

	No
	1628 (29.75)
	515 (23.25)
	768 (32.54)
	345 (38.46)
	

	Yes
	3844 (70.25)
	1700 (76.75)
	1592 (67.46)
	552 (61.54)
	

	Hypertension, n (%)
	
	
	
	
	<0.001

	No
	2003 (36.52)
	971 (43.74)
	805 (34.02)
	227 (25.25)
	

	Yes
	3482 (63.48)
	1249 (56.26)
	1561 (65.98)
	672 (74.75)
	

	Dyslipidemia, n (%)
	
	
	
	
	0.007

	No
	3524 (64.58)
	1478 (66.91)
	1496 (63.55)
	550 (61.52)
	

	Yes
	1933 (35.42)
	731 (33.09)
	858 (36.45)
	344 (38.48)
	

	Diabetes, n (%)
	
	
	
	
	<0.001

	No
	4022 (73.33)
	1732 (78.02)
	1674 (70.75)
	616 (68.52)
	

	Yes
	1463 (26.67)
	488 (21.98)
	692 (29.25)
	283 (31.48)
	

	Stroke, n (%)
	
	
	
	
	<0.001

	No
	5081 (92.63)
	2111 (95.09)
	2187 (92.43)
	783 (87.10)
	

	Yes
	404 (7.37)
	109 (4.91)
	179 (7.57)
	116 (12.90)
	

	Heart disease, n (%)
	
	
	
	
	<0.001

	No
	4038 (73.62)
	1749 (78.78)
	1693 (71.56)
	596 (66.30)
	

	Yes
	1447 (26.38)
	471 (21.22)
	673 (28.44)
	303 (33.70)
	

	RAR
	3.48 (3.23–3.78)
	3.42 (3.18–3.70)
	3.50 (3.26–3.82)
	3.55 (3.31–3.87)
	<0.001

	BMI, kg/m2
	28.10 (24.90–32.10)
	28.00 (24.70–32.30)
	28.10 (25.10–31.90)
	28.10 (24.70–32.00)
	0.501

	LDL-C, mg/dL
	99.00 (77.00–123.00)
	102.00 (80.00–126.00)
	97.00 (75.00–121.00)
	96.00 (74.00–119.00)
	<0.001

	HDL-C, mg/dL
	54.00 (45.00–68.00)
	56.00 (46.00–70.00)
	54.00 (44.00–66.00)
	54.00 (43.00–67.00)
	<0.001

	Triglycerides, mg/dL
	124.00 (90.00–175.00)
	123.00 (89.00–174.00)
	126.00 (91.00–176.00)
	126.00 (91.00–175.00)
	0.470

	Fasting glucose, mg/dL
	98.00 (89.00–116.00)
	97.00 (89.00–111.00)
	99.00 (89.00–118.00)
	100.00 (90.00–125.00)
	<0.001

	Vitamin D, ng/mL
	32.42 (24.74–40.42)
	33.75 (26.17–41.58)
	31.89 (24.11–39.75)
	30.91 (22.58–39.16)
	<0.001


Note: Continuous variables are presented as mean ± standard deviation or median (interquartile range), according to their distributions, and categorical variables as n (%). P values were derived from one-way analysis of variance, the Kruskal–Wallis test, or the chi-square test, as appropriate.					
Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RAR, red blood cell distribution width-to-albumin ratio.		

Table S6. Subgroup analysis of the association between baseline RAR and cognitive function trajectories			
	Subgroups
	High-stable
	Middle-slow decline
	　
	Low-rapid decline
	　
	P for interaction

	　
	　
	OR (95% CI) 
	P value
	OR (95% CI) 
	P value
	

	Age
	
	
	
	
	
	0.275 

	60-69
	Ref
	1.31 (0.97-1.77)
	0.078 
	1.43 (1.18-1.75)
	<0.001
	

	70-79
	Ref
	1.09 (0.86-1.39)
	0.474 
	0.97 (0.71-1.32)
	0.846 
	

	≥80
	Ref
	0.79 (0.50-1.25)
	0.310 
	1.31 (0.80-2.15)
	0.279 
	

	Sex
	
	
	
	
	
	0.081 

	Female
	Ref
	1.33 (1.11-1.60)
	0.003 
	1.46 (1.14-1.87)
	0.002 
	

	Male
	Ref
	1.05 (0.84-1.32)
	0.678 
	0.95 (0.70-1.30)
	0.768 
	

	Ethnicity
	
	
	
	
	
	0.137 

	Non-Hispanic
	Ref
	1.24 (1.07-1.45)
	0.005 
	1.24 (1.01-1.52)
	0.037 
	

	Hispanic
	Ref
	0.90 (0.55-1.46)
	0.667 
	1.04 (0.59-1.83)
	0.900 
	

	Education level
	
	
	
	
	
	0.927 

	Less than upper secondary
	Ref
	1.71 (0.94-3.11)
	0.076 
	1.26 (0.67-2.36)
	0.473 
	

	Upper secondary and vocational
	Ref
	1.33 (1.02-1.74)
	0.037 
	1.50 (1.09-2.07)
	0.013 
	

	Tertiary
	Ref
	1.13 (0.94-1.35)
	0.193 
	1.16 (0.88-1.52)
	0.292 
	

	Marital status
	
	
	
	
	
	0.208 

	Married
	Ref
	1.39 (1.11-1.75)
	0.004 
	1.58 (1.20-2.08)
	0.001 
	

	Other
	Ref
	1.14 (0.94-1.37)
	0.177 
	0.97 (0.73-1.27)
	0.812 
	

	Smoking status
	
	
	
	
	
	0.093 

	No
	Ref
	1.32 (1.05-1.66)
	0.016 
	1.49 (1.10-2.01)
	0.011 
	

	Yes
	Ref
	1.17 (0.97-1.40)
	0.109 
	1.12 (0.87-1.42)
	0.380 
	

	Alcohol consumption
	
	
	
	
	
	0.125 

	No
	Ref
	1.28 (0.97-1.70)
	0.084 
	1.39 (1.11-1.75)
	0.005 
	

	Yes
	Ref
	1.10 (0.91-1.33)
	0.334 
	1.21 (0.93-1.58)
	0.157 
	

	BMI
	
	
	
	
	
	0.387 

	<25
	Ref
	1.28 (0.94-1.76)
	0.118 
	1.41 (0.95-2.09)
	0.084 
	

	25-30
	Ref
	1.10 (0.87-1.40)
	0.419 
	0.96 (0.69-1.33)
	0.784 
	

	>30
	Ref
	1.30 (1.04-1.63)
	0.020 
	1.44 (1.07-1.94)
	0.015 
	

	Hypertension
	
	
	
	
	
	0.460 

	No
	Ref
	1.26 (0.87-1.85)
	0.225 
	1.46 (1.13-1.87)
	0.003 
	

	Yes
	Ref
	1.12 (0.94-1.34)
	0.193 
	1.19 (0.95-1.49)
	0.123 
	

	Diabetes
	
	
	
	
	
	0.117 

	No
	Ref
	1.29 (1.09-1.54)
	0.004 
	1.35 (1.07-1.71)
	0.010 
	

	Yes
	Ref
	1.09 (0.84-1.41)
	0.524 
	1.05 (0.75-1.46)
	0.791 
	

	Stroke
	
	
	
	
	
	0.148 

	No
	Ref
	1.29 (1.05-1.59)
	0.015 
	1.30 (1.12-1.52)
	<0.001
	

	Yes
	Ref
	0.72 (0.45-1.16)
	0.180 
	1.00 (0.60-1.66)
	0.989 
	

	Heart disease
	
	
	
	
	
	0.412 

	No
	Ref
	1.20 (1.01-1.42)
	0.041 
	1.24 (0.98-1.56)
	0.072 
	

	Yes
	Ref
	1.23 (0.88-1.72)
	0.227 
	1.31 (1.00-1.72)
	0.052 
	　


Note: All analyses were adjusted using the covariates from Model 3, excluding the stratifying variable. The OR reflects the risk associated with a 1-unit increase in continuous RAR within each subgroup. The "High-stable" trajectory group served as the reference. 	
Abbreviations: CI, confidence interval; OR, odds ratio; RAR, red blood cell distribution width-to-albumin ratio.












Table S7. Associations of RAR, RDW, and albumin with incident cognitive impairment and comparative model performance
	Model 
	 Exposure 
	HR (95% CI)
	P value
	AIC
	Harrell’s C-index

	 Covariates only 
	 — 
	—
	—
	24661.70 
	0.698

	 Covariates + RAR 
	 RAR 
	1.100 (1.040–1.160)
	0.002
	24654.19 
	0.698

	 Covariates + RDW 
	 RDW 
	1.070 (1.010–1.130)
	0.020
	24658.47 
	0.698

	 Covariates + albumin 
	 Albumin 
	0.931 (0.880–0.985)
	0.013
	24657.57 
	0.698

	 Covariates + RDW + albumin 
	 RDW 
	1.060 (1.004–1.120)
	0.036
	24655.29 
	0.699

	
	 Albumin 
	0.936 (0.885–0.991)
	0.023
	
	


Note: RAR, RDW, and albumin were standardized as z scores, and HRs are reported per 1-SD increase. All models were fitted using the same analytical sample and adjusted for age, sex, race/ethnicity, education level, marital status, smoking status, alcohol consumption, moderate physical activity, hypertension, diabetes, stroke, heart disease, BMI, LDL-C, HDL-C, fasting glucose, and vitamin D. In the model incorporating both RDW and albumin, the two biomarkers were mutually adjusted. Lower AIC and higher Harrell’s C-index indicate better model performance.
Abbreviations: AIC, Akaike information criterion; BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; RAR, red blood cell distribution width-to-albumin ratio; RDW, red blood cell distribution width; SD, standard deviation.













Table S8. Associations of RAR, RDW, and albumin with cognitive trajectory membership and comparative model performance
	Model
	Cognitive trajectory
	Exposure
	OR (95% CI)
	P value
	AIC
	McFadden’s pseudo-R²

	Covariates only
	—
	—
	—
	—
	9738.49
	0.104

	Covariates + RAR
	Middle-slow decline
	RAR
	1.100 (1.020–1.180)
	0.009 
	9733.62
	0.105

	
	Low-rapid decline
	RAR
	1.130 (1.030–1.240)
	0.012 
	
	

	Covariates + RDW
	Middle-slow decline
	RDW
	1.090 (1.020–1.170)
	0.012 
	9735.59
	0.105

	
	Low-rapid decline
	RDW
	1.090 (0.995–1.200)
	0.064 
	
	

	Covariates + albumin
	Middle-slow decline
	Albumin
	0.948 (0.885–1.010)
	0.124 
	9737.53
	0.104

	
	Low-rapid decline
	Albumin
	0.903 (0.823–0.991)
	0.032 
	
	

	Covariates + RDW + albumin
	Middle-slow decline
	RDW
	1.090 (1.010–1.160)
	0.018 
	9735.60
	0.105

	
	Middle-slow decline
	Albumin
	0.956 (0.892–1.020)
	0.202 
	
	

	
	Low-rapid decline
	RDW
	1.080 (0.985–1.180)
	0.102 
	
	

	
	Low-rapid decline
	Albumin
	0.911 (0.830–0.996)
	0.049 
	　
	


Note: The “High-stable” trajectory was used as the reference group. RAR, RDW, and albumin were standardized as z scores, and ORs are reported per 1-SD increase. All models were fitted using the same analytical sample and adjusted for age, sex, race/ethnicity, education level, marital status, smoking status, alcohol consumption, moderate physical activity, hypertension, diabetes, stroke, heart disease, BMI, LDL-C, HDL-C, fasting glucose, and vitamin D. In the model incorporating both RDW and albumin, the two biomarkers were mutually adjusted. Lower AIC and higher McFadden’s pseudo-R² indicate better model performance.
Abbreviations: AIC, Akaike information criterion; BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; RAR, red blood cell distribution width-to-albumin ratio; RDW, red blood cell distribution width; SD, standard deviation.					
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