Supplementary Material
Figure S1. Flowchart of sample selection
Methods. Supplementary methods 
Table S1. Baseline characteristics grouped by social isolation and loneliness
Table S2. Sensitivity analyses for joint associations of social isolation and loneliness with all-cause mortality at 65 years (95% CI)
Table S3. Sensitivity analyses for joint associations of social isolation and loneliness with all-cause mortality at 85 years (95% CI)
Table S4. Sensitivity analyses for joint associations of social isolation and loneliness with all-cause mortality by excluding deaths during the first two years of follow-up
Table S5. Sensitivity analyses for interaction analysis of social isolation, loneliness and sex


[image: 图形用户界面, 文本, 应用程序

描述已自动生成]













Figure S1. Flowchart of sample selection



Methods. Definition of social isolation 
The social isolation index consists of four binary indicators: living arrangement (1, if living alone); marital status (1, if currently unmarried, including separated, divorced, widowed, or never married); contact with children (1, if contact with children in person or by phone/email is less than once a week); and social participation (1, if participation in any social activity is less than once a month) [1]. From the CHARLS database, we identified six types of social activities over the past month: (1) interacting with friends; (2) playing Mahjong, chess, cards, or attending a community club; (3) joining a sport, social, or other club; (4) engaging in a community-related organisation; (5) performing voluntary or charitable work; and (6) attending educational or training courses. A total social isolation score, ranging from 0 to 4, was derived by summing these binary indicators, with higher scores indicating greater social isolation.

Reference
[1] Zhang Y, Zhou L, Liu S, et al. Prevalence, correlates and outcomes of multimorbidity among the middle-aged and elderly: findings from the China health and retirement longitudinal study. Arch Gerontol Geriatr. 2020;90:104135.



Table S1. Baseline characteristics grouped by social isolation and loneliness
	
	Social isolation
	
	Loneliness

	
	Not isolated
(n= 9,828)
	Isolated
(n= 1,493)
	P value
	
	Not lonely (n= 9,420)
	Lonely 
(n= 1,901)
	P value

	Age, mean (SD), years
	57.44 (9.08)
	64.70 (10.28)
	< 0.001
	
	58.09 (9.48)
	59.96 (9.85)
	< 0.001

	Educational level, n (%)
	
	
	< 0.001
	
	
	
	< 0.001

	Not educated
	4,228 (43.02)
	907 (60.75)
	
	
	4,057 (43.07)
	1,078 (56.71)
	

	Primary school
	2,252 (22.91)
	299 (20.03)
	
	
	2,143 (22.75)
	408 (21.46)
	

	Middle school
	2,170 (22.08)
	195 (13.06)
	
	
	2,078 (22.06)
	287 (15.10)
	

	High school or above
	1,178 (11. 99)
	92 (6.16)
	
	
	1,142 (12.12)
	128 (6.73)
	

	Residential status, n (%)
	
	
	0.858
	
	
	
	< 0.001

	Urban 
	863 (8.78)
	129 (8.64)
	
	
	884 (9.38)
	108 (5.68)
	

	  Rural
	8,965 (91.22)
	1,364 (91.36)
	
	
	8,536 (90.62)
	1,793 (94.32)
	

	Employment status, n (%)
	
	
	0.802
	
	
	
	< 0.001

	Employed
	8,780 (89.34)
	1,337 (89.55)
	
	
	8,349 (88.63)
	1,768 (93.00)
	

	Unemployed
	1,048 (10.66)
	156 (10.45)
	 
	
	1,071 (11.37)
	133 (7.00)
	

	Smoking, n (%)
	
	
	0.524
	
	
	
	0.121

	  Low-risk
	6,560 (66.75)
	1,009 (67.58)
	 
	
	6,269 (66.55)
	1,300 (68.39)
	

	  High-risk
	3,268 (33.25)
	484 (32.42)
	
	
	3,151 (33.45)
	601 (31.61)
	

	Alcohol intake, n (%)
	
	
	0.356
	
	
	
	< 0.001

	  Low-risk
	8,825 (89.79)
	1,329 (89.02)
	
	
	8,409 (89.27)
	1,745 (91.79)
	

	High-risk
	1,003 (10.21)
	164 (10.98)
	
	
	1,011 (10.73)
	156 (8.18)
	

	Sleep duration, n (%)
	
	
	< 0.001
	
	
	
	< 0.001

	  Low-risk
	4,613 (46.94)
	555 (37.17)
	
	
	4,492 (47.69)
	676 (35.56)
	

	High-risk
	5,215 (53.06)
	938 (62.83)
	
	
	4,928 (52.31)
	1,225 (64.44)
	

	Body fat levels, n (%)
	
	
	< 0.001
	
	
	
	0.047

	Normal
	5,106 (51.95)
	888 (59.48)
	
	
	4,948 (52.53)
	1,046 (55.02)
	

	Abnormal
	4,722 (48.05)
	605 (40.52)
	
	
	4,472 (47.47)
	855 (44.98)
	

	Self-rated health, n (%)
	
	
	0.015
	
	
	
	< 0.001

	Good
	2,265 (23.05)
	302 (20.23)
	
	
	7,101 (75.38)
	1,653 (86.95)
	

	Poor
	7,563 (76.95)
	1,191 (79.77)
	
	
	2,319 (24.62)
	248 (13.05)
	

	Comorbidities (%)
	
	
	0.037
	
	
	
	< 0.001

	  Yes
	3,693 (37.58)
	603 (40.39)
	
	
	3,329 (35.34)
	934 (49.13)
	

	  No
	6,135 (62.42)
	890 (59.61)
	
	
	6,091 (64.66)
	967 (50.87)
	

	Depression, mean (SD)
	16.37 (3.84)
	16.80 (4.17)
	< 0.001
	
	15.84 (3.54)
	19.35 (4.18)
	< 0.001

	ADL disability (%)
	
	
	< 0.001
	
	
	
	< 0.001

	Yes
	377 (3.84)
	89 (5.96)
	
	
	326 (3.46)
	140 (7.36)
	

	No
	9,451 (96.16)
	1,404 (94.04)
	
	
	9,094 (96.54)
	1,761 (92.64)
	


Note. ADL, activities of daily living; SD, standard deviation
Table S2. Sensitivity analyses for joint associations of social isolation and loneliness with all-cause mortality at 65 years (95% CI) 
	
	HR (95%CI)
	P value

	Residual life expectancy [95% CI], 65 y
	Loss of residual life expectancy [95% CI], 65 y  

	Men
	
	
	
	

	Joint effects
	
	
	
	

	  Not isolated and not lonely
	1.00 [Reference]
	
	18.44 (16.29, 20.59)*
	1.00 [Reference]

	  Not isolated and lonely
	1.29 (1.04, 1.61)*
	0.023
	16.37 (13.88, 18.86)*
	2.06 (0.24, 3.90)*

	  Isolated and not lonely
	1.41 (1.15, 1.74)*
	0.001
	15.66 (13.24, 18.09)*
	2.77 (0.99, 4.56)*

	  Isolated and lonely
	1.52 (1.17, 1.97)*
	0.002
	15.10 (12.45, 17.76)*
	3.33 (1.12, 5.54)*

	Women
	
	
	
	

	Joint effects
	
	
	
	

	  Not isolated and not lonely
	1.00 [Reference]
	
	21.33 (18.81, 23.84)*
	1.00 [Reference]

	  Not isolated and lonely
	0.95 (0.73, 1.24)
	0.721
	21.66 (18.83, 24.49)*
	−0.33 (−2.91, 1.52)

	  Isolated and not lonely
	1.40 (1.11, 1.77)*
	0.005
	18.97 (16.35, 21.58)*
	2.36 (0.54, 4.17)*

	  Isolated and lonely
	1.31 (0.97, 1.77)
	0.079
	19.42 (16.51, 22.34)*
	1.91 (−0.33, 4.13)


Note. The model was adjusted for sociodemographic (educational level, residential status, and employment status), lifestyle (smoking, alcohol intake, sleep duration, and body mass index), and health-related factors (self-rated health status, comorbidities, depression, and activities of daily living).
HR, hazard ratio; CI, confidence interval
*P﹤0.05


Table S3. Sensitivity analyses for joint associations of social isolation and loneliness with all-cause mortality at 85 years (95% CI) 
	
	HR (95%CI)
	P value

	Residual life expectancy [95% CI], 85 y
	Loss of residual life expectancy [95% CI], 85 y

	Men
	
	
	
	

	Joint effects
	
	
	
	

	  Not isolated and not lonely
	1.00 [Reference]
	
	7.91 (6.50, 9.31)*
	1.00 [Reference]

	  Not isolated and lonely
	1.29 (1.04, 1.61)*
	0.023
	6.88 (5.33, 8.43)*
	1.03 (0.12, 1.94)*

	  Isolated and not lonely
	1.41 (1.15, 1.74)*
	0.001
	6.52 (5.05, 7.80)*
	1.39 (0.50, 2.27)*

	  Isolated and lonely
	1.52 (1.17, 1.97)*
	0.002
	6.24 (4.65, 7.82)*
	1.67 (0.56, 2.78)*

	Women
	
	
	
	

	Joint effects
	
	
	
	

	  Not isolated and not lonely
	1.00 [Reference]
	
	8.37 (6.72, 10.03)*
	1.00 [Reference]

	  Not isolated and lonely
	0.95 (0.73, 1.24)
	0.721
	8.56 (6.77, 10.34)*
	−0.19 (−1.18, 0.81)

	  Isolated and not lonely
	1.40 (1.11, 1.77)*
	0.005
	7.09 (5.42, 8.76)*
	1.28 (0.31, 2.26)*

	  Isolated and lonely
	1.31 (0.97, 1.77)
	0.079
	7.34 (5.51, 9.1)*
	1.03 (−0.17, 2.24)


Note. The model was adjusted for sociodemographic (educational level, residential status, and employment status), lifestyle (smoking, alcohol intake, sleep duration, and body mass index), and health-related factors (self-rated health status, comorbidities, depression, and activities of daily living).
HR, hazard ratio; CI, confidence interval
*P﹤0.05


Table S4. Sensitivity analyses for joint associations of social isolation and loneliness with all-cause mortality by excluding deaths during the first two years of follow-up (95% CI) (n= 11123)
	[bookmark: _Hlk200533650]
	HR (95%CI)
	P value

	Residual life expectancy [95% CI], 45 y
	Loss of residual life expectancy [95% CI], 45 y

	Men
	
	
	
	

	Joint effects
	
	
	
	

	  Not isolated and not lonely
	1.00 [Reference]
	
	35.19 (32.20, 38.18)*
	1.00 [Reference]

	  Not isolated and lonely
	1.35 (1.07, 1.70 )*
	0.011
	31.95 (28.36, 35.53)*
	3.24 (0.61, 5.87)*

	  Isolated and not lonely
	1.38 (1.10, 1.73)*
	0.005
	31.69 (28.04, 35.35)*
	3.49 (0.90, 6.08)*

	  Isolated and lonely
	1.44 (1.08, 1.92)*
	0.014
	31.29 (27.21, 35.36)*
	3.90 (0.61, 7.18)*

	Women
	
	
	
	

	Joint effects
	
	
	
	

	  Not isolated and not lonely
	1.00 [Reference]
	
	39.25 (35.85, 42.64)*
	1.00 [Reference]

	  Not isolated and lonely
	0.98 (0.74, 1.29)
	0.860
	39.47 (35.67, 43.27)*
	−0.22(−2.72, 2.27)

	  Isolated and not lonely
	1.32 (1.02, 1.70)*
	0.036
	36.74 (32.91, 40.56)*
	[bookmark: OLE_LINK1]2.51 (−0.01, 5.03)

	  Isolated and lonely
	1.17 (0.83, 1.64)
	0.367
	37.84 (33.63, 42.06)*
	1.40 (−1.72, 4.53)


Note. The model was adjusted for sociodemographic (educational level, residential status, and employment status), lifestyle (smoking, alcohol intake, sleep duration, and body mass index), and health-related factors (self-rated health status, comorbidities, depression, and activities of daily living).
HR, hazard ratio; CI, confidence interval
*P﹤0.05


Table S5. Sensitivity analyses for interaction analysis of social isolation, loneliness and sex
	
	HR (95%CI)
	P value


	Interaction terms
	
	

	  LonelySex
	0.86 (0.68, 1.11)
	0.251

	  Social isolationSex
	1.18 (0.92, 1.51)
	0.191

	  Not isolated and lonelySex
	0.82 (0.59, 1.14)
	0.241

	  Isolated and not lonelySex
	1.18 (0.88, 1.60)
	0.270

	  Isolated and lonelySex
	1.09 (0.74, 1.59)
	0.669
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