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Figure S1. Flowchart of our research.
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Figure S2. Kaplan-Meier curves for high-risk (red) vs. low-risk (blue) groups in training (A), test (B) and validation (C) sets. P-values were calculated by Log-rank test. 
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Figure S3. ROC curves and AUC values derived from the validation set via sensitivity analysis. (A) ROC curves of sensitivity analysis 1 (excluding missing values) for 3‑, 5‑, and 10‑year mortality prediction. (B) ROC curves of sensitivity analysis 2 (excluding participants with follow‑up time < 1 year) for 3‑, 5‑, and 10‑year mortality prediction.(C) ROC curves of sensitivity analysis 3 (excluding participants with baseline CVD) for 3‑, 5‑, and 10‑year mortality prediction. t-ROC, time-dependent receiver operating characteristic; AUC, area under the curve.
. 
Table S1. Detailed description of the 32 items used to construct FI in CHARLS
	No
	Description of the items
	Cut-off value

	1
	Self-reported physician diagnosed hypertension
	Yes=1, No=0

	2
	Self-reported physician diagnosed diabetes
	Yes=1, No=0

	3
	Self-reported physician diagnosed cancer
	Yes=1, No=0

	4
	Self-reported physician diagnosed arthritis
	Yes=1, No=0

	5
	Self-reported physician diagnosed chronic lung disease
	Yes=1, No=0

	6
	Self-reported physician diagnosed any emotional, nervous, or psychiatric problems
	Yes=1, No=0

	7
	Self-reported physician diagnosed memory-related disease
	Yes=1, No=0

	8
	Self-reported physician diagnosed kidney disease
	Yes=1, No=0

	9
	Self-reported physician diagnosed liver disease
	Yes=1, No=0

	10
	Self-reported physician diagnosed CVD
	Yes=1, No=0

	11
	Self-reported pain
	Yes=1, No=0

	12
	Self-reported vision problems
	Yes=1, No=0

	13
	Self-reported hearing problems
	Yes=1, No=0

	14
	Self-reported general health status
	Poor or fair=1, excellent, very good, or good=0

	15
	Difficulty with dressing
	Yes=1, No=0

	16
	Difficulty with bathing or showering
	Yes=1, No=0

	17
	Difficulty with eating
	Yes=1, No=0

	18
	Difficulty with getting in and out of bed
	Yes=1, No=0

	19
	Difficulty with using the toilet
	Yes=1, No=0

	20
	Difficulty with managing money
	Yes=1, No=0

	21
	Difficulty with taking medications
	Yes=1, No=0

	22
	Difficulty with shopping for groceries
	Yes=1, No=0

	23
	Difficulty with preparing meals
	Yes=1, No=0

	24
	Mobility: difficulty with walking 100 yards
	Yes=1, No=0

	25
	Mobility: difficulty with getting up from a chair after sitting for long periods
	Yes=1, No=0

	26
	Mobility: difficulty with climbing several flights of stairs without resting
	Yes=1, No=0

	27
	Mobility: difficulty with lifting or carrying weights over 10 pounds/jins
	Yes=1, No=0

	28
	Mobility: difficulty with picking up a coin from the table
	Yes=1, No=0

	29
	Mobility: difficulty with stooping, kneeling, or crouching
	Yes=1, No=0

	30
	Mobility: difficulty with reaching arms above shoulder level
	Yes=1, No=0

	31
	Depression: CESD-10 questionnaire
	CESD-10>10=1, ≤10=0

	32
	Cognition: (memory test score + orientation test score) / 14
	Continuous, ranging from 0 to 1


The memory score was the average of words which were not recalled in the immediate and delayed word recall tasks. The memory score ranged from 0 to 10. The orientation test comprised 4 questions about the day of the week, the month, the date of the month, and the year. One point was given for each wrong answer, and the range was from 0 to 4.




Table S2. Detailed description of the 28 items used to construct FI in NHANES
	No
	Description of the items
	Cut-off value

	1
	Self-reported physician diagnosed hypertension
	Yes=1, No=0

	2
	Self-reported physician diagnosed diabetes
	Yes=1, No=0

	3
	Self-reported physician diagnosed cancer
	Yes=1, No=0

	4
	Self-reported physician diagnosed arthritis
	Yes=1, No=0

	5
	Self-reported physician diagnosed chronic lung disease
	Yes=1, No=0

	6
	Self-reported physician diagnosed memory-related disease
	Yes=1, No=0

	7
	Self-reported physician diagnosed kidney disease
	Yes=1, No=0

	8
	Self-reported physician diagnosed liver disease
	Yes=1, No=0

	9
	Self-reported physician diagnosed CVD
	Yes=1, No=0

	10
	Depression: PHQ-9 questionnaire
	PHQ-9>4=1, ≤4=0

	11
	Self-reported pain
	Yes=1, No=0

	12
	Self-reported vision problems
	Yes=1, No=0

	13
	Self-reported hearing problems
	Yes=1, No=0

	14
	Self-reported general health status
	Poor or fair = 1, excellent, 
very good, or good = 0

	15
	Difficulty with dressing
	Yes=1, No=0

	16
	Difficulty with bathing or showering
	Yes=1, No=0

	17
	Difficulty with eating
	Yes=1, No=0

	18
	Difficulty with getting in and out of bed
	Yes=1, No=0

	19
	Difficulty with using the toilet
	Yes=1, No=0

	20
	Difficulty with managing money
	Yes=1, No=0

	21
	Difficulty with shopping for groceries
	Yes=1, No=0

	22
	Difficulty with preparing meals
	Yes=1, No=0

	23
	Mobility: difficulty with walking 400 yards
	Yes=1, No=0

	24
	Mobility: difficulty with getting up from a chair after sitting for long periods
	Yes=1, No=0

	25
	Mobility: difficulty with climbing several flights of stairs without resting
	Yes=1, No=0

	26
	Mobility: difficulty with lifting or carrying weights over 10 pounds/jins
	Yes=1, No=0

	27
	Mobility: difficulty with picking up a coin from the table
	Yes=1, No=0

	28
	Mobility: difficulty with stooping, kneeling, or crouching
	Yes=1, No=0

	29
	Mobility: difficulty with reaching arms above shoulder level
	Yes=1, No=0














Table S3. Detailed description of the 30 items used to construct FI in HRS
	No
	Description of the items
	Cut-off value

	1
	Self-reported physician diagnosed hypertension
	Yes=1, No=0

	2
	Self-reported physician diagnosed diabetes
	Yes=1, No=0

	3
	Self-reported physician diagnosed cancer
	Yes=1, No=0

	4
	Self-reported physician diagnosed arthritis
	Yes=1, No=0

	5
	Self-reported physician diagnosed chronic lung disease
	Yes=1, No=0

	6
	Self-reported physician diagnosed any emotional, nervous, or psychiatric problems
	Yes=1, No=0

	7
	Self-reported physician diagnosed memory-related disease
	Yes=1, No=0

	8
	Self-reported physician diagnosed CVD
	Yes=1, No=0

	9
	Self-reported pain
	Yes=1, No=0

	10
	Self-reported vision problems
	Yes=1, No=0

	11
	Self-reported hearing problems
	Yes=1, No=0

	12
	Self-reported general health status
	Poor or fair=1, excellent, 
very good, or good=0

	13
	Difficulty with dressing
	Yes=1, No=0

	14
	Difficulty with bathing or showering
	Yes=1, No=0

	15
	Difficulty with eating
	Yes=1, No=0

	16
	Difficulty with getting in and out of bed
	Yes=1, No=0

	17
	Difficulty with using the toilet
	Yes=1, No=0

	18
	Difficulty with managing money
	Yes=1, No=0

	19
	Difficulty with taking medications
	Yes=1, No=0

	20
	Difficulty with shopping for groceries
	Yes=1, No=0

	21
	Difficulty with preparing meals
	Yes=1, No=0

	22
	Mobility: difficulty with walking 100 yards
	Yes=1, No=0

	23
	Mobility: difficulty with getting up from a chair after sitting for long periods
	Yes=1, No=0

	24
	Mobility: difficulty with climbing several flights of stairs without resting
	Yes=1, No=0

	25
	Mobility: difficulty with lifting or carrying weights over 10 pounds/jins
	Yes=1, No=0

	26
	Mobility: difficulty with picking up a coin from the table
	Yes=1, No=0

	27
	Mobility: difficulty with stooping, kneeling, or crouching
	Yes=1, No=0

	28
	Mobility: difficulty with reaching arms above shoulder level
	Yes=1, No=0

	29
	Depression: CESD-8 questionnaire
	CESD-8≥4=1, <4=0

	30
	Cognition: (memory test score + orientation test score) / 14
	Continuous, ranging from 0 to 1


The memory score was the average of words which were not recalled in the immediate and delayed word recall tasks. The memory score ranged from 0 to 10. The orientation test comprised 4 questions about the day of the week, the month, the date of the month, and the year. One point was given for each wrong answer, and the range was from 0 to 4.





Table S4. Detailed description of the 11 items used to construct the FI in PEACE-FZ
	No
	Description of the items
	Cut-off value

	1
	Self-reported physician diagnosed hypertension
	Yes=1, No=0

	2
	Self-reported physician diagnosed diabetes
	Yes=1, No=0

	3
	Self-reported physician diagnosed cancer
	Yes=1, No=0

	4
	Self-reported physician diagnosed chronic lung disease
	Yes=1, No=0

	5
	Self-reported physician diagnosed CVD
	Yes=1, No=0

	6
	Self-reported general health status
	Score< 0=1, Score ≥ 60=0

	7
	Mobility: Difficulty with movement
	Yes=1, No=0

	8
	Difficulty with usual daily activities
	Yes=1, No=0

	9
	Pain/discomfort
	Yes=1, No=0

	10
	Anxiety/depression
	Yes=1, No=0

	11
	Difficulty with self-care (EQ5D self-care dimension)
	Yes=1, No=0























Table S5. The missing status of variables in the four cohorts
	Variable
	CHARLS
	HRS
	NHANES
	PEACE-FZ

	Age
	0(0%)
	0(0%)
	0(0%)
	0(0%)

	Gender
	0(0%)
	0(0%)
	0(0%)
	0(0%)

	Activity
	2464(58.62%)
	5(0.14%)
	3686(39.22%)
	108(5.21%)

	Marriage
	0(0%)
	0(0%)
	104(1.11%)
	16(0.77%)

	Education
	1(0.02%)
	0(0%)
	22(0.23%)
	29(1.4%)

	Employment status
	82(1.95%)
	1(0.03%)
	1029(10.95%)
	180(8.68%)

	Drink
	429(10.21%)
	34(0.95%)
	5093(54.19%)
	24(1.16%)

	BMI
	667(15.87%)
	2095(58.77%)
	764(8.13%)
	6(0.29%)

	SBP
	610(14.51%)
	2003(56.19%)
	747(7.95%)
	0(0%)

	TC/HDL
	889(21.2%)
	2531(71.0%)
	985(10.50%)
	48(2.31%)

	FI
	16(0.38%)
	7(0.2%)
	1991(21.20%)
	102(4.92%)

	Smoke
	0(0%)
	0(0%)
	0(0%)
	0(0%)

	Smoking_year
	0(0%)
	0(0%)
	0(0%)
	0(0%)

	Early life smoking
	0(0%)
	0(0%)
	0(0%)
	0(0%)

	Pack-year
	0(0%)
	0(0%)
	0(0%)
	0(0%)

	CSI
	0(0%)
	0(0%)
	0(0%)
	0(0%)

	Follow-up time
	0(0%)
	0(0%)
	0(0%)
	0(0%)

	Death
	0(0%)
	0(0%)
	0(0%)
	0(0%)


FI, frailty index; BMI, body mass index;SBP, systolic blood pressure; TC/HDL, total cholesterol/high-density lipoprotein cholesterol; CSI, comprehensive smoking index.
























Table S6. Leave-one-out sensitivity analysis for smoking metrics and mortality
	Analysis group
	Excluded studies
	meta HR (95% CI)
	P
	I² (%)
	Q-p value

	Smoke
	
	
	
	
	

	Former smoke vs Never smoke
	CHARLS
	1.373(0.844-2.234)
	0.107
	87.9 
	<0.001

	
	HRS
	1.193(1.097-1.299)
	0.012
	0 
	0.772 

	
	NHANES
	1.335(0.708-2.518)
	0.189
	70.0 
	0.037 

	
	PEACE
	1.304(0.791-2.149)
	0.15
	88.8 
	<0.001

	Current smoke vs Never smoke
	CHARLS
	1.770(1.687-1.856)
	<0.001
	0.0 
	0.888 

	
	HRS
	1.559(0.821-2.960)
	0.097
	81.7 
	0.004 

	
	NHANES
	1.553(0.821-2.937)
	0.097
	80.5 
	0.006 

	
	PEACE
	1.573(0.910-2.718)
	0.071
	82.3 
	0.004 

	Early life smoking
	
	
	
	
	

	Started after age 14 vs Never smoke
	CHARLS
	1.492(0.969-2.296)
	0.057
	86.4 
	<0.001

	
	HRS
	1.279(1.055-1.549)
	0.031
	39.0 
	0.169 

	
	NHANES
	1.469(0.808-2.668)
	0.109
	79.3 
	0.007 

	
	PEACE
	1.356(0.878-2.096)
	0.095
	87.8 
	<0.001

	Started at age 5–14 vs Never smoke
	CHARLS
	1.638(1.120-2.397)
	0.031
	71.5 
	0.030 

	
	HRS
	1.439(1.288-1.608)
	0.005
	0.0 
	0.801 

	
	NHANES
	1.654(0.945-2.893)
	0.061
	15.3 
	0.306 

	
	PEACE
	1.574(0.999-2.481)
	0.05
	74.8 
	0.019 

	Smoking year
	
	
	
	
	

	
	CHARLS
	1.009(1.005-1.013)
	0.011
	50.9 
	0.122 

	
	HRS
	1.007(1.001-1.014)
	0.042
	36.9 
	0.187 

	
	NHANES
	1.008(0.999-1.018)
	0.066
	68.8 
	0.038 

	
	PEACE
	1.008(1.001-1.015)
	0.036
	73.1 
	0.024 

	Pack-Year
	
	
	
	
	

	
	CHARLS
	1.007(0.999-1.015)
	0.06
	92.5 
	<0.001

	
	HRS
	1.005(1.004-1.006)
	0.003
	0
	0.775 

	
	NHANES
	1.008(1.001-1.015)
	0.041
	70.1 
	0.035 

	
	PEACE
	1.007(0.999-1.014)
	0.067
	92.5 
	<0.001

	CSI
	
	
	
	
	

	
	CHARLS
	1.274(1.226-1.324)
	0.001
	0 
	0.687 

	
	HRS
	1.222(1.063-1.403)
	0.025
	46.2 
	0.154 

	
	NHANES
	1.234(1.037-1.467)
	0.035
	63.8 
	0.063 

	
	PEACE
	1.246(1.081-1.437)
	0.022
	63.8 
	0.063 


CSI, comprehensive smoking index.







Table S7. Interaction analysis for the association between CSI and all-cause mortality
	Interaction
	CHARLS
	HRS
	NHANES
	PEACE
	Meta-analysis

	
	pooled HR (95% CI)
	P
	pooled HR (95% CI)
	P
	pooled HR (95% CI)
	P
	pooled HR (95% CI)
	P
	meta HR (95% CI)
	P
	I² (%)
	Q-p value

	CSI × Age
	1.001
(0.993-1.008)
	0.866
	0.994
(0.989-0.999)
	0.010
	0.989
(0.986-0.993)
	<0.001
	0.993
(0.961-1.026)
	0.711
	0.994
(0.986-1.002)
	0.096
	62.7
	0.045

	CSI × Gender
(Ref: Female)
	1.003
(0.792-1.271)
	0.978
	0.947
(0.874-1.027)
	0.190
	0.971
(0.904-1.042)
	0.410
	0.388
(0.167-0.899)
	0.030
	0.959
(0.864-1.065)
	0.296
	35.4
	0.200 

	CSI × Drink
(Ref: Non-weekly drink)
	0.949
(0.761-1.183)
	0.64
	1.028
(0.937-1.128)
	0.555
	0.974
(0.897-1.059)
	0.539
	1.084
(0.715-1.643)
	0.735
	0.996
(0.942-1.053)
	0.835
	0
	0.794

	CSI × BMI
	1.003
(0.982-1.025)
	0.764
	1
(0.992-1.009)
	0.97
	0.996
(0.991-1.002)
	0.214
	1.025
(0.998-1.054)
	0.847
	0.998
(0.994-1.002)
	0.193
	0
	0.834

	CSI × SBP
	1.000
(0.997-1.003)
	0.859
	1.001
(0.999-1.002)
	0.492
	1
(0.998-1.001)
	0.553
	1.004
(0.998-1.01)
	0.122
	1.000
(0.998-1.003)
	0.622
	5.3
	0.366

	CSI × TC/HDL
	1.022
(0.992-1.054)
	0.152
	0.993
(0.932-1.057)
	0.818
	1.004
(0.982-1.027)
	0.706
	1.002
(0.909-1.104)
	0.994
	1.009
(0.992-1.027)
	0.196
	0
	0.764

	CSI × Frailty index
	0.786
(0.5-1.233)
	0.293
	0.766
(0.614-0.956)
	0.018
	0.951
(0.801-1.13)
	0.569
	0.369
(0.062-2.185)
	0.202
	0.847
(0.652-1.100)
	0.137
	19.5
	0.292


CSI, comprehensive smoking index; FI, frailty index; BMI, body mass index;SBP, systolic blood pressure; TC/HDL, total cholesterol/high-density lipoprotein cholesterol.





Table S8. Threshold range with positive net benefit based on DCA
	Datasets
	Time points
	Range with Positive Net Benefit (%)

	Traing set
	3 years
	1.0 – 68.0

	
	5 years
	1.0 – 86.0

	
	10 years
	1.0 – 92.0

	Testing set
	3 years
	1.0 – 54.0

	
	5 years
	2.0 – 72.0

	
	10 years
	2.0 – 93.0

	Validation set
	3 years
	12.0 – 85.0

	
	5 years
	1.0 – 90.0

	
	10 years
	2.0 – 97.0


[bookmark: _GoBack]DCA, decision curve analysis.

























Table S9. Association of longitudinal changes in CSI and risk score with all-cause mortality
	Study
	Variable
	Model
	N
	Death
	Mean change
	HR (95% CI)
	P-value

	CHARLS
	△CSI
	Multivariable-adjusted*
	2944
	449
	0.057
	1.356 (1.090–1.687)
	0.006

	HRS
	△CSI
	Multivariable-adjusted†
	2756
	1642
	-0.024
	0.793
(0.603–1.041)
	0.09

	HRS
	△Risk Score
	Univariate
	2756
	1642
	0.194
	1.779 (1.533–2.063)
	<0.001


*Adjusted for gender, age, marital status, educational level, employment status, drinking status, physical activity level, BMI, SBP and FI.†Additionally adjusted for TC/HDL ratio.CSI, comprehensive smoking index.
































Table S10. Summary of predictive performance of CSI in the sensitivity analysis
	Model
	CHARLS
	HRS
	NHANES
	PEACE
	Meta-analysis

	
	Pooled HR (95% CI)
	P value
	Pooled HR (95% CI)
	P value
	Pooled HR (95% CI)
	P value
	Pooled HR (95% CI)
	P value
	meta HR (95% CI)
	I² (%)
	Q-p value

	CSI1
	1.283
	0.027
	1.289
	<0.001
	1.362
	<0.001
	1.408
	0.025
	1.309
	0
	0.901 

	
	(1.028–1.602)
	
	(1.172–1.418)
	
	(1.146–1.619)
	
	(1.043–1.901)
	
	(1.242–1.381
	
	

	CSI2
	1.123
	0.030 
	1.301
	<0.001
	1.255
	<0.001
	1.249
	0.048
	1.233
	62.7
	0.045

	
	(1.010–1.225)
	
	(1.239–1.367)
	
	(1.206–1.306)
	
	(1.002–1.557)
	
	(1.098–1.385)
	
	

	CSI3
	1.131
	0.068
	1.435
	<0.001
	1.252
	<0.001
	1.211
	0.128
	1.248
	38.7
	0.180 

	
	(0.991–1.292)
	
	(1.216–1.693)
	
	(1.166–1.346)
	
	(0.946–1.550)
	
	(1.078–1.446)
	
	


1excluded cases with missing values; 2excluded participants with follow-up duration of less than 1 year; 3excluded participants with pre-existing CVD at baseline.
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