Table 1. Patient demographics and baseline characteristics
	Characteristic
	LCA2011
	p-value

	
	Minimal-Morbidity-Profile  
N = 3,410
	Cardiometabolic-Multimorbidity  
N = 837
	Sensory-Psychiatric-Musculoskeletal-Multimorbidity  
N = 1,208
	Respiratory-Psychiatric-Sensory-Multimorbidity  
N = 143
	Extensive-Multisystem-Multimorbidity  
N = 381
	

	Age, Mean ± SD
	56 ± 8
	58 ± 7
	57 ± 8
	60 ± 8
	58 ± 8
	<0.0011

	Sex, n (%)
	
	
	
	
	
	<0.0012

	Male
	1,893 (55.5%)
	407 (48.6%)
	546 (45.2%)
	93 (65.0%)
	142 (37.3%)
	

	Female
	1,517 (44.5%)
	430 (51.4%)
	662 (54.8%)
	50 (35.0%)
	239 (62.7%)
	

	Residence, n (%)
	
	
	
	
	
	<0.0012

	Rural
	2,071 (60.7%)
	443 (52.9%)
	848 (70.2%)
	99 (69.2%)
	254 (66.7%)
	

	Urban
	1,339 (39.3%)
	394 (47.1%)
	360 (29.8%)
	44 (30.8%)
	127 (33.3%)
	

	Educational level, n (%)
	
	
	
	
	
	<0.0012

	illiterate
	999 (29.3%)
	269 (32.1%)
	482 (39.9%)
	55 (38.5%)
	169 (44.4%)
	

	Primary school
	817 (24.0%)
	210 (25.1%)
	321 (26.6%)
	43 (30.1%)
	101 (26.5%)
	

	Middle school
	1,014 (29.7%)
	213 (25.4%)
	295 (24.4%)
	28 (19.6%)
	69 (18.1%)
	

	High school and above
	580 (17.0%)
	145 (17.3%)
	110 (9.1%)
	17 (11.9%)
	42 (11.0%)
	

	Marital status, n (%)
	
	
	
	
	
	

	Married
	3,206 (94.0%)
	770 (92.0%)
	1,096 (90.7%)
	135 (94.4%)
	330 (86.6%)
	

	Widowed
	169 (5.0%)
	60 (7.2%)
	94 (7.8%)
	7 (4.9%)
	38 (10.0%)
	

	Separated or divorced or single
	35 (1.0%)
	7 (0.8%)
	18 (1.5%)
	1 (0.7%)
	13 (3.4%)
	

	Total household wealth, n (%)
	
	
	
	
	
	<0.0012

	Low income
	555 (28.9%)
	167 (30.9%)
	331 (42.0%)
	35 (36.1%)
	118 (43.2%)
	

	Mid income
	656 (34.2%)
	162 (30.0%)
	272 (34.5%)
	37 (38.1%)
	79 (28.9%)
	

	High income
	708 (36.9%)
	211 (39.1%)
	186 (23.6%)
	25 (25.8%)
	76 (27.8%)
	

	Body mass index, Mean ± SD
	23.6 ± 3.5
	25.9 ± 3.7
	22.9 ± 3.4
	22.8 ± 3.9
	24.6 ± 4.2
	<0.0011

	sleep duration, n (%)
	
	
	
	
	
	<0.0012

	Short sleep (≤6 h)
	684 (20.1%)
	199 (23.9%)
	471 (39.1%)
	52 (36.6%)
	164 (43.4%)
	

	Normal sleep (6–9 h)
	2,436 (71.6%)
	581 (69.7%)
	639 (53.0%)
	80 (56.3%)
	199 (52.6%)
	

	Long sleep (≥9 h)
	282 (8.3%)
	54 (6.5%)
	95 (7.9%)
	10 (7.0%)
	15 (4.0%)
	

	Current smoking status, n (%)
	1,196 (35.1%)
	228 (27.3%)
	396 (32.8%)
	50 (35.0%)
	102 (26.8%)
	<0.0012

	Alcohol consumption, n (%)
	
	
	
	
	
	<0.0012

	Weekly drinking or more
	687 (21.4%)
	142 (17.7%)
	179 (15.6%)
	27 (19.6%)
	38 (10.3%)
	

	Less than weekly drinking
	2,530 (78.6%)
	661 (82.3%)
	969 (84.4%)
	111 (80.4%)
	332 (89.7%)
	

	Physical activity level, n (%)
	
	
	
	
	
	<0.0012

	Low (˂ 600 MET-min/week)
	357 (24.7%)
	139 (38.9%)
	107 (20.9%)
	18 (32.1%)
	37 (23.9%)
	

	Moderate (600–3 000 MET-min/week)
	183 (12.7%)
	48 (13.4%)
	61 (11.9%)
	9 (16.1%)
	26 (16.8%)
	

	High (˃ 3 000 MET-min/week)
	903 (62.6%)
	170 (47.6%)
	343 (67.1%)
	29 (51.8%)
	92 (59.4%)
	

	BADL limitation, n (%)
	150 (4.4%)
	111 (13.3%)
	262 (21.7%)
	28 (19.6%)
	115 (30.2%)
	<0.0012

	IADL limitation, n (%)
	238 (7.0%)
	133 (15.9%)
	267 (22.1%)
	30 (21.0%)
	117 (30.7%)
	<0.0012

	Functional limitation, n (%)
	340 (10.0%)
	189 (22.6%)
	394 (32.6%)
	45 (31.5%)
	162 (42.5%)
	<0.0012

	Social activity score, n (%)
	
	
	
	
	
	<0.0012

	0
	1,990 (58.4%)
	454 (54.2%)
	774 (64.1%)
	81 (56.6%)
	211 (55.4%)
	

	1–2
	657 (19.3%)
	146 (17.4%)
	233 (19.3%)
	30 (21.0%)
	81 (21.3%)
	

	≥3
	763 (22.4%)
	237 (28.3%)
	201 (16.6%)
	32 (22.4%)
	89 (23.4%)
	

	Intellectual activity score, n (%)
	
	
	
	
	
	<0.0012

	0
	2,513 (73.7%)
	596 (71.2%)
	996 (82.5%)
	102 (71.3%)
	304 (79.8%)
	

	1–2
	617 (18.1%)
	156 (18.6%)
	165 (13.7%)
	31 (21.7%)
	56 (14.7%)
	

	≥3
	280 (8.2%)
	85 (10.2%)
	47 (3.9%)
	10 (7.0%)
	21 (5.5%)
	

	Living environmental quality, n (%)
	
	
	
	
	
	<0.0012

	Unfavorable
	805 (26.7%)
	168 (24.3%)
	434 (39.3%)
	60 (45.5%)
	139 (40.5%)
	

	Moderate
	1,593 (52.8%)
	375 (54.3%)
	540 (48.9%)
	55 (41.7%)
	167 (48.7%)
	

	Favorable
	619 (20.5%)
	148 (21.4%)
	130 (11.8%)
	17 (12.9%)
	37 (10.8%)
	

	Adverse childhood experiences, n (%)
	
	
	
	
	
	<0.001

	0
	72 (2.9%)
	19 (3.0%)
	12 (1.5%)
	0 (0.0%)
	3 (1.2%)
	

	1
	240 (9.8%)
	60 (9.4%)
	68 (8.4%)
	5 (5.1%)
	15 (5.9%)
	

	2
	398 (16.3%)
	114 (17.9%)
	109 (13.5%)
	14 (14.3%)
	29 (11.4%)
	

	3
	530 (21.7%)
	148 (23.3%)
	145 (17.9%)
	17 (17.3%)
	57 (22.4%)
	

	≥4
	1,204 (49.3%)
	295 (46.4%)
	474 (58.7%)
	62 (63.3%)
	151 (59.2%)
	

	Global cognitive scores (2011), Mean ± SD
	13.1 ± 2.9
	13.0 ± 2.9
	11.8 ± 3.0
	12.3 ± 3.0
	12.0 ± 3.1
	<0.0011

	1One-way analysis of means

	2Pearson's Chi-squared test

	3Fisher's exact test


 

Table 2. Association between baseline comorbidity patterns and cognitive trajectories: results from latent growth curve models (N = 20 imputations)

	Parameter
	Model 1 (LCA Only)
	Model 2 (LCA + Demographics)
	Model 3 (Fully Adjusted)

	Intercept
	
	
	

	Cardiometabolic MM
	0.152 (0.101) [−0.06, 0.36], 0.147
	0.036 (0.087) [−0.14, 0.21], 0.678
	−0.040 (0.090) [−0.22, 0.14], 0.655

	Extensive multisystem MM
	−0.754 (0.148) [−1.06, −0.44], <0.001
	−0.438 (0.131) [−0.69, −0.18], <0.001
	−0.469 (0.131) [−0.73, −0.21], <0.001

	Sensory–psychiatric–musculoskeletal MM
	−1.141 (0.091) [−1.33, −0.95], <0.001
	−0.794 (0.084) [−0.96, −0.63], <0.001
	−0.757 (0.084) [−0.92, −0.59], <0.001

	Respiratory–psychiatric–sensory MM
	−0.559 (0.219) [−1.02, −0.10], 0.020
	−0.287 (0.203) [−0.69, 0.11], 0.158
	−0.301 (0.203) [−0.70, 0.10], 0.138

	Slope
	
	
	

	Cardiometabolic MM
	0.005 (0.013) [−0.02, 0.03], 0.682
	0.001 (0.012) [−0.02, 0.03], 0.922
	0.003 (0.013) [−0.02, 0.03], 0.847

	Extensive multisystem MM
	0.039 (0.019) [−0.00, 0.08], 0.060
	0.048 (0.019) [0.01, 0.09], 0.012
	0.049 (0.019) [0.01, 0.09], 0.012

	Sensory–psychiatric–musculoskeletal MM
	0.027 (0.011) [0.00, 0.05], 0.023
	0.037 (0.011) [0.02, 0.06], <0.001
	0.037 (0.011) [0.01, 0.06], 0.001

	Respiratory–psychiatric–sensory MM
	0.020 (0.031) [−0.04, 0.08], 0.525
	0.026 (0.030) [−0.03, 0.09], 0.379
	0.025 (0.030) [−0.03, 0.08], 0.404


Note. Values are estimate (SE) [95% CI], P-value. MM = multimorbidity. Minimal-morbidity profile is the reference class. Model 1: adjusted for comorbidity classes only. Model 2: additionally adjusted for age, sex, residence, marital status, and education. Model 3: additionally adjusted for income, physical activity, drinking, smoking, BMI, and sleep duration. Model fit indices and unconditional parameters are reported in Supplementary Table S1; full covariate estimates for Model 3 are in Supplementary Table S2.

Table 3. Path coefficients of the parallel mediation analysis
	Comorbidity Pattern
	Mediator
	β (SE)
	95% CI
	p

	Cardiometabolic
	ADL
	−0.240*** (0.058)
	[−0.362, −0.118]
	<0.001

	Extensive−multisystem
	ADL
	−0.474*** (0.087)
	[−0.656, −0.292]
	<0.001

	Sensory-PMM
	ADL
	−0.302*** (0.038)
	[−0.381, −0.223]
	<0.001

	Respiratory-PSS
	ADL
	−0.304** (0.098)
	[−0.509, −0.100]
	.006

	Cardiometabolic
	Social/intellectual
	0.065 (0.048)
	[−0.036, 0.166]
	.193

	Extensive-multisystem
	Social/intellectual
	−0.044 (0.055)
	[−0.159, 0.071]
	.429

	Sensory-PMM
	Social/intellectual
	−0.112** (0.035)
	[−0.186, −0.039]
	.005

	Respiratory-PSS
	Social/intellectual
	0.085 (0.085)
	[−0.092, 0.262]
	.327

	Outcome
	Mediator
	β (SE)
	95% CI
	p

	Intercept (RI)
	ADL
	0.163** (0.043)
	[0.073, 0.253]
	.001

	Intercept (RI)
	Social/intellectual
	0.256*** (0.032)
	[0.189, 0.322]
	<0.001

	Slope (RS)
	ADL
	−0.018*** (0.004)
	[−0.027, −0.009]
	<0.001

	Slope (RS)
	Social/intellectual
	−0.006 (0.004)
	[−0.015, 0.004]
	.226


Note. Model 2 (adjacent residual covariance) was used as the final model. All estimates are pooled across 20 multiply imputed datasets. β = unstandardized regression coefficient; SE = standard error; CI = confidence interval; ADL = activities of daily living.













Table 4. Direct, indirect, and total effects of comorbidity patterns on cognitive trajectories
	Comorbidity Pattern
	Effect
	Intercept (RI) β (SE)
	95% CI
	p
	Slope (RS) β (SE)
	95% CI
	p

	Cardiometabolic
	Direct effect
	0.091 (0.095)
	[−0.108, 0.289]
	.350
	−0.007 (0.014)
	[−0.036, 0.022]
	.610

	
	Indirect via ADL
	−0.039** (0.012)
	[−0.064, −0.015]
	.003
	0.004** (0.001)
	[0.001, 0.007]
	.007

	
	Indirect via social
	0.017 (0.012)
	[−0.010, 0.043]
	.199
	−0.000 (0.000)
	[−0.001, 0.000]
	.382

	
	Total indirect
	−0.022 (0.017)
	[−0.059, 0.014]
	.213
	0.004* (0.001)
	[0.001, 0.007]
	.017

	
	Total effect
	0.068 (0.095)
	[−0.130, 0.267]
	.481
	−0.003 (0.014)
	[−0.032, 0.025]
	.817

	Extensive-multisystem
	Direct effect
	−0.481** (0.145)
	[−0.785, −0.177]
	.004
	0.049* (0.021)
	[0.005, 0.092]
	.031

	
	Indirect via ADL
	−0.077** (0.023)
	[−0.125, −0.029]
	.003
	0.008** (0.003)
	[0.003, 0.014]
	.005

	
	Indirect via social
	−0.011 (0.014)
	[−0.041, 0.018]
	.430
	0.000 (0.000)
	[−0.001, 0.001]
	.505

	
	Total indirect
	−0.089** (0.027)
	[−0.146, −0.031]
	.004
	0.009** (0.003)
	[0.003, 0.014]
	.004

	
	Total effect
	−0.570*** (0.146)
	[−0.875, −0.264]
	<0.001
	0.057* (0.021)
	[0.014, 0.101]
	.013

	Sensory-PMM
	Direct effect
	−0.580*** (0.094)
	[−0.776, −0.384]
	<0.001
	0.026 (0.013)
	[−0.000, 0.052]
	.054

	
	Indirect via ADL
	−0.049** (0.014)
	[−0.079, −0.020]
	.002
	0.005*** (0.001)
	[0.003, 0.008]
	<0.001

	
	Indirect via social
	−0.029** (0.010)
	[−0.049, −0.008]
	.008
	0.001 (0.001)
	[−0.000, 0.002]
	.257

	
	Total indirect
	−0.078*** (0.017)
	[−0.114, −0.042]
	<0.001
	0.006*** (0.001)
	[0.003, 0.009]
	<0.001

	
	Total effect
	−0.658*** (0.093)
	[−0.853, −0.463]
	<0.001
	0.032* (0.013)
	[0.006, 0.058]
	.020

	Respiratory-PSS
	Direct effect
	−0.293 (0.232)
	[−0.779, 0.193]
	.222
	0.010 (0.033)
	[−0.060, 0.080]
	.774

	
	Indirect via ADL
	−0.050* (0.022)
	[−0.095, −0.004]
	.035
	0.005* (0.002)
	[0.001, 0.010]
	.031

	
	Indirect via social
	0.022 (0.022)
	[−0.024, 0.067]
	.331
	−0.000 (0.001)
	[−0.002, 0.001]
	.444

	
	Total indirect
	−0.028 (0.034)
	[−0.098, 0.043]
	.421
	0.005 (0.002)
	[−0.000, 0.010]
	.061

	
	Total effect
	−0.321 (0.237)
	[−0.817, 0.175
	.191
	0.015 (0.034)
	[−0.056, 0.085]
	.670


Note. Model 2 (adjacent residual covariance) was used as the final model. All estimates are pooled across 20 multiply imputed datasets.
β = unstandardized regression coefficient; SE = standard error; CI = confidence interval; RI = random intercept; RS = random slope; ADL = activities of daily living; Soc = social/intellectual engagement.
*p < 0.05, **p < 0.01, ***p < 0.001.
