Table S1. Items used to construct the frailty index
	No.
	Description of the items
	Cut-off value

	1
	Self-reported general health status
	Very poor or poor = 1; very good, good, or fair = 0

	2
	Self-reported physician-diagnosed cancer or malignant tumour
	Yes = 1; No = 0

	3
	Self-reported physician-diagnosed chronic lung disease
	Yes = 1; No = 0

	4
	Self-reported physician-diagnosed emotional, nervous, or psychiatric problems
	Yes = 1; No = 0

	5
	Self-reported physician-diagnosed arthritis
	Yes = 1; No = 0

	6
	Self-reported physician-diagnosed asthma
	Yes = 1; No = 0

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

	8
	Difficulty with dressing
	Yes = 1; No = 0

	9
	Difficulty with bathing or showering
	Yes = 1; No = 0

	10
	Difficulty with eating
	Yes = 1; No = 0

	11
	Difficulty with getting in and out of bed
	Yes = 1; No = 0

	12
	Difficulty with using the toilet
	Yes = 1; No = 0

	13
	Difficulty with managing money
	Yes = 1; No = 0

	14
	Difficulty with taking medication
	Yes = 1; No = 0

	15
	Difficulty with shopping for groceries
	Yes = 1; No = 0

	16
	Difficulty with preparing meals
	Yes = 1; No = 0

	17
	Difficulty with walking 100 yards or one block
	Yes = 1; No = 0

	18
	Difficulty with getting up from a chair after sitting for long periods
	Yes = 1; No = 0

	19
	Difficulty with climbing several flights of stairs without resting
	Yes = 1; No = 0

	20
	Difficulty with stooping, kneeling, or crouching
	Yes = 1; No = 0

	21
	Difficulty with lifting or carrying weights over 10 pounds/jins
	Yes = 1; No = 0

	22
	Difficulty with picking up a coin from the table
	Yes = 1; No = 0

	23
	Difficulty with reaching arms above shoulder level
	Yes = 1; No = 0

	24
	Difficulty with doing housework
	Yes = 1; No = 0

	25
	Self-reported eyesight 
	Poor or blind = 1; fair = 0.75; good = 0.5; very good = 0.25; excellent = 0

	26
	Self-reported hearing problems
	Yes = 1; No = 0

	27
	[bookmark: OLE_LINK2]Depression (CHARLS: CESD-10 questionnaire, ranging from 0 to 30; ELSA: CESD-8 questionnaire, ranging from 0 to 8)
	CHARLS: CESD-10 ≥10 = 1, <10 = 0; ELSA: CESD-8 >3 = 1, ≤3 = 0

	28
	Cognition deficit: [(10 − word recall score/2) + (4 − orientation score)]/14
	Continuous, ranging from 0 to 1; higher values indicate greater deficit


Memory-related disease indicates Alzheimer's disease or dementia, organic brain senility, or other serious memory impairment. The word recall variable is the sum of immediate and delayed recall (range 0–20) and was divided by 2 before the cognition deficit was calculated. ELSA depression was classified as CESD-8 >3.

Table S2. Missing values of baseline covariates before complete-case exclusion
	CHARLS
	ELSA

	Characteristics
	No. of missing values
	Percent (%)
	Characteristics
	No. of missing values
	Percent (%)

	Age
	0
	0
	Age
	0
	0

	Sex
	0
	0
	Sex
	0
	0

	Marital status
	0
	0
	Marital status
	0
	0

	Educational level
	0
	0
	Educational level
	303
	8.9

	Smoking status
	0
	0
	Smoking status
	0
	0

	Body mass index
	647
	11.4
	Body mass index
	85
	2.5

	Drinking status
	2
	0.04
	Drinking status
	200
	5.9

	Hypertension
	1
	0.02
	Hypertension
	0
	0

	Dyslipidemia
	71
	1.3
	Dyslipidemia
	2
	0.06

	SBP
	661
	11.6
	SBP
	34
	1.0

	DBP
	660
	11.6
	DBP
	34
	1.0

	HDL-C
	2
	0.04
	HDL-C
	4
	0.1

	LDL-C
	8
	0.1
	LDL-C
	62
	1.8

	TC
	0
	0
	TC
	0
	0




Table S3. Collinearity statistics for the fully adjusted Cox regression models
CHARLS
	Baseline CTI-FI
	Cumulative CTI-FI

	Variable
	GVIF
	DF
	GVIF^(1/(2×DF))
	Variable
	GVIF
	DF
	GVIF^(1/(2×DF))

	CTI-FI
	1.121
	1
	1.059
	Cumulative CTI-FI
	1.123
	1
	1.06

	Age
	1.429
	1
	1.195
	Age
	1.328
	1
	1.152

	Sex
	2.321
	1
	1.524
	Sex
	2.416
	1
	1.554

	Marital status
	1.085
	1
	1.042
	Marital status
	1.062
	1
	1.031

	Educational level
	1.062
	1
	1.031
	Educational level
	1.068
	1
	1.033

	Smoking status
	1.955
	1
	1.398
	Smoking status
	1.97
	1
	1.403

	Drinking status
	1.479
	1
	1.216
	Drinking status
	1.518
	1
	1.232

	BMI
	1.294
	1
	1.137
	BMI
	1.246
	1
	1.116

	SBP
	3.33
	1
	1.825
	SBP
	3.472
	1
	1.863

	DBP
	2.64
	1
	1.625
	DBP
	2.717
	1
	1.648

	Hypertension
	1.912
	1
	1.383
	Hypertension
	1.928
	1
	1.389

	Dyslipidemia
	1.084
	1
	1.041
	Dyslipidemia
	1.07
	1
	1.034

	HDL-C
	1.205
	1
	1.098
	HDL-C
	1.189
	1
	1.091

	LDL-C
	3.064
	1
	1.75
	LDL-C
	2.922
	1
	1.709

	TC
	3.211
	1
	1.792
	TC
	3.064
	1
	1.75


ELSA
	Baseline CTI-FI
	Cumulative CTI-FI

	Variable
	GVIF
	DF
	GVIF^(1/(2×DF))
	Variable
	GVIF
	DF
	GVIF^(1/(2×DF))

	CTI-FI
	1.177
	1
	1.085
	Cumulative CTI-FI
	1.202
	1
	1.097

	Age
	1.315
	1
	1.147
	Age
	1.263
	1
	1.124

	Sex
	1.32
	1
	1.149
	Sex
	1.311
	1
	1.145

	Marital status
	1.08
	1
	1.039
	Marital status
	1.076
	1
	1.037

	Educational level
	1.123
	1
	1.06
	Educational level
	1.096
	1
	1.047

	Smoking status
	1.052
	1
	1.026
	Smoking status
	1.058
	1
	1.028

	Drinking status
	1.044
	1
	1.022
	Drinking status
	1.075
	1
	1.037

	BMI
	1.28
	1
	1.131
	BMI
	1.322
	1
	1.15

	SBP
	2.675
	1
	1.635
	SBP
	2.69
	1
	1.64

	DBP
	2.136
	1
	1.462
	DBP
	2.159
	1
	1.469

	Hypertension
	1.75
	1
	1.323
	Hypertension
	1.797
	1
	1.341

	Dyslipidemia
	1.042
	1
	1.021
	Dyslipidemia
	1.042
	1
	1.021

	HDL-C
	2.15
	1
	1.466
	HDL-C
	2.247
	1
	1.499

	LDL-C
	13.479
	1
	3.671
	LDL-C
	13.859
	1
	3.723

	TC
	15.571
	1
	3.946
	TC
	16.161
	1
	4.02


GVIF, generalized variance inflation factor; DF, degrees of freedom. Collinearity statistics were calculated from the Model 4 predictor matrix separately for each study and analysis cohort. Model 4 included CTI-FI or cumulative CTI-FI, age, sex, marital status, educational level, smoking status, drinking status, BMI, hypertension, dyslipidemia, SBP, DBP, TC, HDL-C, and LDL-C. GVIF^(1/(2×DF)) denotes the adjusted GVIF.
Table S4. Proportional hazards assumption tests for the associations of CTI-FI and cumulative CTI-FI with incident CMM
	Cohort
	Analysis
	Exposure
	Form
	N
	Events
	Chi-square (df)
	P value

	CHARLS
	Baseline
	CTI-FI
	Continuous
	4,787
	467
	0.054 (1)
	0.816

	CHARLS
	Baseline
	CTI-FI
	Quartiles
	4,787
	467
	1.861 (3)
	0.602

	CHARLS
	Cumulative
	Cumulative CTI-FI
	Continuous
	2,374
	172
	0.003 (1)
	0.958

	CHARLS
	Cumulative
	Cumulative CTI-FI
	Quartiles
	2,374
	172
	2.938 (3)
	0.401

	ELSA
	Baseline
	CTI-FI
	Continuous
	2,321
	160
	0.796 (1)
	0.372

	ELSA
	Baseline
	CTI-FI
	Quartiles
	2,321
	160
	6.135 (3)
	0.105

	ELSA
	Cumulative
	Cumulative CTI-FI
	Continuous
	1,111
	59
	0.059 (1)
	0.807

	ELSA
	Cumulative
	Cumulative CTI-FI
	Quartiles
	1,111
	59
	1.473 (3)
	0.688


P values were obtained from tests based on scaled Schoenfeld residuals in the fully adjusted Model 4. All exposure-specific P values exceeded 0.05, indicating no evidence that the proportional hazards assumption was violated for CTI-FI or cumulative CTI-FI. CMM, cardiometabolic multimorbidity; df, degrees of freedom.

Table S5. Performance metrics for eight models in the benchmark CHARLS training datasets
A. Baseline CTI-FI cohort
	Model
	ROC-AUC
	Accuracy
	Brier score
	F1 score
	PR-AUC
	Sensitivity
	Specificity
	NPV
	PPV

	CATBOOST
	0.706
	0.703
	0.084
	0.271
	0.208
	0.567
	0.717
	0.939
	0.178

	EXTRATREES
	0.706
	0.639
	0.083
	0.264
	0.210
	0.666
	0.636
	0.946
	0.165

	KKNN
	0.662
	0.678
	0.087
	0.247
	0.168
	0.543
	0.693
	0.934
	0.160

	NNET
	0.683
	0.691
	0.086
	0.261
	0.190
	0.561
	0.705
	0.937
	0.170

	RANGER
	0.694
	0.641
	0.084
	0.261
	0.208
	0.653
	0.639
	0.945
	0.163

	RPART
	0.646
	0.787
	0.094
	0.250
	0.173
	0.365
	0.833
	0.924
	0.190

	SVM
	0.615
	0.806
	0.087
	0.248
	0.166
	0.328
	0.858
	0.922
	0.199

	XGBOOST
	0.701
	0.707
	0.083
	0.277
	0.211
	0.577
	0.721
	0.940
	0.182




B. Cumulative CTI-FI cohort
	Model
	ROC-AUC
	Accuracy
	Brier score
	F1 score
	PR-AUC
	Sensitivity
	Specificity
	NPV
	PPV

	CATBOOST
	0.684
	0.794
	0.064
	0.237
	0.175
	0.442
	0.822
	0.950
	0.162

	EXTRATREES
	0.686
	0.713
	0.064
	0.222
	0.174
	0.567
	0.724
	0.955
	0.138

	KKNN
	0.613
	0.709
	0.069
	0.163
	0.117
	0.392
	0.734
	0.939
	0.103

	NNET
	0.672
	0.744
	0.068
	0.211
	0.129
	0.475
	0.764
	0.949
	0.136

	RANGER
	0.678
	0.716
	0.064
	0.221
	0.173
	0.558
	0.728
	0.955
	0.138

	RPART
	0.651
	0.829
	0.070
	0.224
	0.143
	0.342
	0.867
	0.944
	0.167

	SVM
	0.525
	0.877
	0.067
	0.143
	0.090
	0.142
	0.934
	0.933
	0.144

	XGBOOST
	0.700
	0.781
	0.064
	0.261
	0.195
	0.533
	0.801
	0.957
	0.173


Performance metrics were calculated from pooled out-of-fold predictions generated by stratified 10-fold cross-validation in the 70% complete-case CHARLS development samples. Threshold-dependent metrics were calculated using the prespecified CHARLS development-set Youden thresholds (0.105 for the baseline analysis and 0.091 for the cumulative analysis). Abbreviations: ROC-AUC, area under the receiver operating characteristic curve; PR-AUC, area under the precision–recall curve; NPV, negative predictive value; PPV, positive predictive value; CATBOOST, CatBoost; EXTRATREES, Extra Trees; KKNN, k-nearest neighbors; NNET, neural network; RANGER, random forest; RPART, recursive partitioning; SVM, support vector machine; XGBOOST, XGBoost.

Table S6. Internal and external validation performance of the final XGBoost models
	Metric
	Baseline model
CHARLS internal test
	Baseline model
ELSA external validation
	Cumulative model
CHARLS internal test
	Cumulative model
ELSA external validation

	N/events
	1,437/141
	2,321/160
	713/52
	1,111/59

	AUC (95% CI)
	0.725 (0.680 to 0.769)
	0.689 (0.649 to 0.729)
	0.760 (0.692 to 0.828)
	0.695 (0.629 to 0.761)

	PR-AUC
	0.251
	0.131
	0.217
	0.102

	Brier score
	0.081
	0.069
	0.063
	0.058

	Calibration intercept (95% CI)
	0.013 (-0.169 to 0.194)
	-0.736 (-0.901 to -0.571)
	0.018 (-0.277 to 0.313)
	-0.939 (-1.209 to -0.668)

	Calibration slope (95% CI)
	0.997 (0.787 to 1.207)
	0.789 (0.593 to 0.984)
	0.981 (0.677 to 1.285)
	0.675 (0.409 to 0.941)

	Locked threshold
	0.105
	0.105
	0.091
	0.091

	Accuracy
	0.711
	0.547
	0.773
	0.576

	Sensitivity
	0.589
	0.744
	0.577
	0.763

	Specificity
	0.724
	0.533
	0.788
	0.566

	PPV
	0.188
	0.105
	0.176
	0.090

	NPV
	0.942
	0.966
	0.959
	0.977

	F1 score
	0.285
	0.185
	0.270
	0.160


XGBoost was selected using only the CHARLS development samples. Internal validation used the held-out 30% CHARLS samples; external validation used the corresponding complete-case ELSA cohorts without model updating or recalibration. AUC, PR-AUC, Brier score, and calibration estimates are threshold independent. Classification metrics were calculated at thresholds selected by maximizing Youden's J statistic from CHARLS development out-of-fold predictions and applied unchanged in validation. CI, confidence interval; AUC, area under the receiver operating characteristic curve; PR-AUC, area under the precision-recall curve; PPV, positive predictive value; NPV, negative predictive value.


Table S7. Fine–Gray models of CTI-FI and cumulative CTI-FI for incident CMM, accounting for death.
	Variable
	Model 1
sHR (95% CI)
	P
	Model 2
sHR (95% CI)
	P
	Model 3
sHR (95% CI)
	P
	Model 4
sHR (95% CI)
	P

	CHARLS, baseline CTI-FI 
	
	
	
	
	
	
	
	

	CTI-FI, continuous
	1.47 (1.37~1.58)
	<0.001
	1.49 (1.39~1.60)
	<0.001
	1.43 (1.33~1.54)
	<0.001
	1.42 (1.32~1.53)
	<0.001

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.75 (1.25~2.44)
	<0.001
	1.84 (1.32~2.57)
	<0.001
	1.80 (1.29~2.51)
	<0.001
	1.79 (1.28~2.49)
	<0.001

	Q3
	2.37 (1.72~3.26)
	<0.001
	2.43 (1.75~3.36)
	<0.001
	2.28 (1.65~3.15)
	<0.001
	2.28 (1.66~3.15)
	<0.001

	Q4
	3.50 (2.56~4.80)
	<0.001
	3.76 (2.74~5.17)
	<0.001
	3.27 (2.38~4.48)
	<0.001
	3.22 (2.35~4.42)
	<0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	CHARLS, cumulative CTI-FI 
	
	
	
	
	
	
	
	

	cumCTI-FI, continuous
	1.18 (1.14~1.23)
	<0.001
	1.19 (1.15~1.24)
	<0.001
	1.17 (1.13~1.22)
	<0.001
	1.17 (1.12~1.22)
	<0.001

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.42 (0.78~2.57)
	0.253
	1.57 (0.86~2.87)
	0.139
	1.44 (0.79~2.63)
	0.230
	1.35 (0.74~2.47)
	0.326

	Q3
	2.81 (1.65~4.78)
	<0.001
	3.13 (1.81~5.39)
	<0.001
	2.81 (1.63~4.85)
	<0.001
	2.80 (1.62~4.82)
	<0.001

	Q4
	4.09 (2.43~6.89)
	<0.001
	4.57 (2.66~7.84)
	<0.001
	3.86 (2.25~6.62)
	<0.001
	3.88 (2.27~6.65)
	<0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	ELSA, baseline CTI-FI 
	
	
	
	
	
	
	
	

	CTI-FI, continuous
	1.40 (1.28~1.53)
	<0.001
	1.32 (1.18~1.46)
	<0.001
	1.28 (1.15~1.43)
	<0.001
	1.25 (1.13~1.39)
	<0.001

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	1.08 (0.63~1.84)
	0.783
	1.08 (0.63~1.85)
	0.789
	1.05 (0.61~1.80)
	0.852
	1.05 (0.61~1.79)
	0.865

	Q3
	1.35 (0.81~2.26)
	0.250
	1.25 (0.74~2.10)
	0.404
	1.22 (0.72~2.05)
	0.460
	1.15 (0.68~1.93)
	0.603

	Q4
	3.07 (1.90~4.98)
	<0.001
	2.39 (1.45~3.93)
	<0.001
	2.23 (1.36~3.67)
	0.001
	2.14 (1.31~3.49)
	0.002

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	
	0.001

	ELSA, cumulative CTI-FI 
	
	
	
	
	
	
	
	

	cumCTI-FI, continuous
	1.12 (1.08~1.16)
	<0.001
	1.09 (1.05~1.14)
	<0.001
	1.09 (1.04~1.13)
	<0.001
	1.07 (1.03~1.12)
	0.001

	Q1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Q2
	2.38 (0.85~6.67)
	0.099
	2.31 (0.82~6.51)
	0.114
	2.31 (0.82~6.48)
	0.113
	2.41 (0.86~6.76)
	0.095

	Q3
	2.51 (0.90~7.01)
	0.078
	2.15 (0.75~6.14)
	0.152
	2.14 (0.75~6.12)
	0.154
	1.95 (0.67~5.65)
	0.222

	Q4
	7.34 (2.96~18.25)
	<0.001
	5.34 (2.06~13.81)
	<0.001
	5.10 (1.96~13.26)
	<0.001
	4.69 (1.81~12.12)
	0.001

	P for trend
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001


Values are sHRs (95% CIs) from Fine-Gray models, with incident CMM as the event and death before CMM as the competing event. Model 1 adjusted for age and sex; Model 2 additionally for marital status, educational level, smoking status, BMI, and drinking; Model 3 additionally for hypertension and dyslipidemia; Model 4 additionally for SBP, DBP, TC, HDL-C, and LDL-C.
Table S8. Subgroup analyses of associations between baseline CTI-FI quartiles and incident CMM.
	Subgroup
	Variable
	CHARLS
	ELSA

	
	
	n total
	n event (%)
	HR (95% CI)
	P for interaction
	n total
	n event (%)
	HR (95% CI)
	P for interaction

	Age
	
	
	
	
	0.085
	
	
	
	0.186

	<60
	
	
	
	
	
	
	
	
	

	
	Q1
	837
	33 (3.9)
	1.00 (Ref.)
	
	276
	7 (2.5)
	1.00 (Ref.)
	

	
	Q2
	737
	47 (6.4)
	1.68 (1.07–2.62)
	
	224
	13 (5.8)
	2.36 (0.93–5.96)
	

	
	Q3
	684
	68 (9.9)
	2.66 (1.74–4.06)
	
	198
	6 (3.0)
	0.93 (0.30–2.86)
	

	
	Q4
	570
	95 (16.7)
	4.25 (2.82–6.42)
	
	152
	16 (10.5)
	3.02 (1.16–7.87)
	

	
	P for trend
	2828
	243 (8.6)
	1.61 (1.42–1.82)
	
	850
	42 (4.9)
	1.30 (0.96–1.76)
	

	≥60
	
	
	
	
	
	
	
	
	

	
	Q1
	360
	21 (5.8)
	1.00 (Ref.)
	
	305
	18 (5.9)
	1.00 (Ref.)
	

	
	Q2
	460
	53 (11.5)
	2.22 (1.33–3.71)
	
	356
	17 (4.8)
	0.76 (0.39–1.49)
	

	
	Q3
	512
	56 (10.9)
	2.02 (1.21–3.36)
	
	382
	25 (6.5)
	0.98 (0.53–1.80)
	

	
	Q4
	627
	94 (15.0)
	2.78 (1.70–4.52)
	
	428
	58 (13.6)
	2.26 (1.29–3.95)
	

	
	P for trend
	1959
	224 (11.4)
	1.28 (1.13–1.46)
	
	1471
	118 (8.0)
	1.41 (1.17–1.71)
	

	BMI (kg/m2)
	
	
	
	
	0.518
	
	
	
	0.230

	<25
	
	
	
	
	
	
	
	
	

	
	Q1
	833
	27 (3.2)
	1.00 (Ref.)
	
	196
	10 (5.1)
	1.00 (Ref.)
	

	
	Q2
	854
	58 (6.8)
	2.16 (1.36–3.42)
	
	203
	5 (2.5)
	0.44 (0.14–1.37)
	

	
	Q3
	845
	61 (7.2)
	2.22 (1.40–3.51)
	
	181
	6 (3.3)
	0.44 (0.15–1.28)
	

	
	Q4
	830
	103 (12.4)
	3.61 (2.32–5.62)
	
	108
	7 (6.5)
	1.05 (0.35–3.15)
	

	
	P for trend
	3362
	249 (7.4)
	1.44 (1.27–1.63)
	
	688
	28 (4.1)
	0.95 (0.64–1.41)
	

	≥25
	
	
	
	
	
	
	
	
	

	
	Q1
	364
	27 (7.4)
	1.00 (Ref.)
	
	385
	15 (3.9)
	1.00 (Ref.)
	

	
	Q2
	343
	42 (12.2)
	1.64 (1.00–2.68)
	
	377
	25 (6.6)
	1.63 (0.86–3.11)
	

	
	Q3
	351
	63 (17.9)
	2.57 (1.62–4.07)
	
	399
	25 (6.3)
	1.46 (0.77–2.80)
	

	
	Q4
	367
	86 (23.4)
	3.20 (2.04–5.01)
	
	472
	67 (14.2)
	3.99 (2.22–7.15)
	

	
	P for trend
	1425
	218 (15.3)
	1.45 (1.27–1.65)
	
	1633
	132 (8.1)
	1.59 (1.32–1.90)
	

	Sex
	
	
	
	
	0.955
	
	
	
	0.440

	Male
	
	
	
	
	
	
	
	
	

	
	Q1
	813
	38 (4.7)
	1.00 (Ref.)
	
	300
	17 (5.7)
	1.00 (Ref.)
	

	
	Q2
	728
	65 (8.9)
	1.97 (1.32–2.95)
	
	305
	24 (7.9)
	1.38 (0.74–2.58)
	

	
	Q3
	675
	69 (10.2)
	2.27 (1.52–3.40)
	
	264
	19 (7.2)
	1.03 (0.52–2.01)
	

	
	Q4
	563
	89 (15.8)
	3.45 (2.32–5.11)
	
	201
	41 (20.4)
	2.96 (1.62–5.41)
	

	
	P for trend
	2779
	261 (9.4)
	1.45 (1.29–1.63)
	
	1070
	101 (9.4)
	1.41 (1.15–1.71)
	

	Female
	
	
	
	
	
	
	
	
	

	
	Q1
	384
	16 (4.2)
	1.00 (Ref.)
	
	281
	8 (2.8)
	1.00 (Ref.)
	

	
	Q2
	469
	35 (7.5)
	1.82 (1.00–3.31)
	
	275
	6 (2.2)
	0.66 (0.23–1.91)
	

	
	Q3
	521
	55 (10.6)
	2.45 (1.39–4.31)
	
	316
	12 (3.8)
	1.10 (0.44–2.70)
	

	
	Q4
	634
	100 (15.8)
	3.37 (1.96–5.80)
	
	379
	33 (8.7)
	2.08 (0.92–4.70)
	

	
	P for trend
	2008
	206 (10.3)
	1.44 (1.25–1.66)
	
	1251
	59 (4.7)
	1.41 (1.07–1.85)
	

	Smoking status
	
	
	
	
	0.306
	
	
	
	0.947

	Never
	
	
	
	
	
	
	
	
	

	
	Q1
	569
	32 (5.6)
	1.00 (Ref.)
	
	268
	10 (3.7)
	1.00 (Ref.)
	

	
	Q2
	598
	47 (7.9)
	1.47 (0.93–2.32)
	
	227
	10 (4.4)
	1.17 (0.48–2.84)
	

	
	Q3
	640
	63 (9.8)
	1.79 (1.16–2.77)
	
	220
	10 (4.5)
	1.31 (0.53–3.22)
	

	
	Q4
	687
	113 (16.4)
	2.81 (1.86–4.26)
	
	193
	21 (10.9)
	3.07 (1.38–6.83)
	

	
	P for trend
	2494
	255 (10.2)
	1.40 (1.24–1.59)
	
	908
	51 (5.6)
	1.46 (1.12–1.91)
	

	Others
	
	
	
	
	
	
	
	
	

	
	Q1
	628
	22 (3.5)
	1.00 (Ref.)
	
	313
	15 (4.8)
	1.00 (Ref.)
	

	
	Q2
	599
	53 (8.8)
	2.60 (1.58–4.28)
	
	353
	20 (5.7)
	1.17 (0.60–2.31)
	

	
	Q3
	556
	61 (11.0)
	3.26 (1.99–5.34)
	
	360
	21 (5.8)
	0.93 (0.48–1.83)
	

	
	Q4
	510
	76 (14.9)
	4.23 (2.60–6.89)
	
	387
	53 (13.7)
	2.35 (1.27–4.35)
	

	
	P for trend
	2293
	212 (9.2)
	1.49 (1.31–1.70)
	
	1413
	109 (7.7)
	1.34 (1.10–1.64)
	

	Drinking status
	
	
	
	
	0.282
	
	
	
	0.835

	Never
	
	
	
	
	
	
	
	
	

	
	Q1
	474
	25 (5.3)
	1.00 (Ref.)
	
	34
	3 (8.8)
	1.00 (Ref.)
	

	
	Q2
	499
	41 (8.2)
	1.68 (1.02–2.77)
	
	30
	1 (3.3)
	0.32 (0.03–3.53)
	

	
	Q3
	525
	58 (11.0)
	2.17 (1.34–3.50)
	
	41
	3 (7.3)
	0.98 (0.15–6.39)
	

	
	Q4
	559
	80 (14.3)
	2.60 (1.63–4.13)
	
	64
	11 (17.2)
	2.36 (0.57–9.84)
	

	
	P for trend
	2057
	204 (9.9)
	1.33 (1.17–1.52)
	
	169
	18 (10.7)
	1.55 (0.93–2.57)
	

	Others
	
	
	
	
	
	
	
	
	

	
	Q1
	723
	29 (4.0)
	1.00 (Ref.)
	
	547
	22 (4.0)
	1.00 (Ref.)
	

	
	Q2
	698
	59 (8.5)
	2.12 (1.36–3.32)
	
	550
	29 (5.3)
	1.22 (0.70–2.13)
	

	
	Q3
	671
	66 (9.8)
	2.50 (1.61–3.90)
	
	539
	28 (5.2)
	1.04 (0.59–1.84)
	

	
	Q4
	638
	109 (17.1)
	4.24 (2.76–6.51)
	
	516
	63 (12.2)
	2.59 (1.54–4.36)
	

	
	P for trend
	2730
	263 (9.6)
	1.54 (1.36–1.74)
	
	2152
	142 (6.6)
	1.37 (1.16–1.63)
	

	Hypertension
	
	
	
	
	0.253
	
	
	
	0.895

	No
	
	
	
	
	
	
	
	
	

	
	Q1
	772
	19 (2.5)
	1.00 (Ref.)
	
	315
	7 (2.2)
	1.00 (Ref.)
	

	
	Q2
	759
	39 (5.1)
	2.21 (1.27–3.84)
	
	304
	11 (3.6)
	1.53 (0.58–4.03)
	

	
	Q3
	716
	46 (6.4)
	2.85 (1.66–4.91)
	
	277
	8 (2.9)
	1.26 (0.44–3.58)
	

	
	Q4
	648
	73 (11.3)
	5.04 (2.98–8.53)
	
	215
	16 (7.4)
	2.71 (1.01–7.22)
	

	
	P for trend
	2895
	177 (6.1)
	1.63 (1.41–1.90)
	
	1111
	42 (3.8)
	1.34 (0.98–1.83)
	

	Yes
	
	
	
	
	
	
	
	
	

	
	Q1
	425
	35 (8.2)
	1.00 (Ref.)
	
	266
	18 (6.8)
	1.00 (Ref.)
	

	
	Q2
	438
	61 (13.9)
	1.78 (1.17–2.71)
	
	276
	19 (6.9)
	0.98 (0.51–1.88)
	

	
	Q3
	480
	78 (16.2)
	2.12 (1.41–3.19)
	
	303
	23 (7.6)
	0.95 (0.51–1.78)
	

	
	Q4
	549
	116 (21.1)
	2.75 (1.85–4.07)
	
	365
	58 (15.9)
	2.37 (1.35–4.15)
	

	
	P for trend
	1892
	290 (15.3)
	1.35 (1.20–1.51)
	
	1210
	118 (9.8)
	1.38 (1.15–1.67)
	

	Dyslipidemia
	
	
	
	
	0.503
	
	
	
	0.604

	No
	
	
	
	
	
	
	
	
	

	
	Q1
	1116
	46 (4.1)
	1.00 (Ref.)
	
	513
	22 (4.3)
	1.00 (Ref.)
	

	
	Q2
	1102
	77 (7.0)
	1.76 (1.22–2.54)
	
	490
	21 (4.3)
	1.01 (0.55–1.84)
	

	
	Q3
	1088
	94 (8.6)
	2.21 (1.55–3.17)
	
	489
	26 (5.3)
	1.07 (0.60–1.90)
	

	
	Q4
	1034
	137 (13.2)
	3.42 (2.41–4.85)
	
	444
	51 (11.5)
	2.39 (1.41–4.05)
	

	
	P for trend
	4340
	354 (8.2)
	1.47 (1.32–1.63)
	
	1936
	120 (6.2)
	1.36 (1.14–1.63)
	

	Yes
	
	
	
	
	
	
	
	
	

	
	Q1
	81
	8 (9.9)
	1.00 (Ref.)
	
	68
	3 (4.4)
	1.00 (Ref.)
	

	
	Q2
	95
	23 (24.2)
	2.50 (1.10–5.69)
	
	90
	9 (10.0)
	1.92 (0.51–7.32)
	

	
	Q3
	108
	30 (27.8)
	2.96 (1.33–6.58)
	
	91
	5 (5.5)
	1.15 (0.27–4.97)
	

	
	Q4
	163
	52 (31.9)
	3.64 (1.69–7.86)
	
	136
	23 (16.9)
	3.85 (1.06–13.92)
	

	
	P for trend
	447
	113 (25.3)
	1.38 (1.14–1.67)
	
	385
	40 (10.4)
	1.50 (1.05–2.15)
	


HR, hazard ratio; CI, confidence interval; Q, quartile; Ref, reference. Models were adjusted for Model 4 covariates after excluding the subgroup variable being analyzed: age, sex, marital status, educational level, smoking status, drinking status, BMI, hypertension, dyslipidemia, SBP, DBP, TC, HDL-C, and LDL-C.

Table S9. Subgroup analyses of associations between cumulative CTI-FI quartiles and incident CMM.
	Subgroup
	Variable
	CHARLS
	ELSA

	
	
	n total
	n event (%)
	HR (95% CI)
	P for interaction
	n total
	n event (%)
	HR (95% CI)
	P for interaction

	Age
	
	
	
	
	0.014
	
	
	
	0.910

	<60
	
	
	
	
	
	
	
	
	

	
	Q1
	429
	17 (4.0)
	1.00 (Ref.)
	
	145
	3 (2.1)
	1.00 (Ref.)
	

	
	Q2
	389
	12 (3.1)
	0.73 (0.34–1.55)
	
	126
	5 (4.0)
	2.03 (0.47–8.82)
	

	
	Q3
	344
	27 (7.8)
	2.30 (1.22–4.35)
	
	107
	4 (3.7)
	1.77 (0.36–8.59)
	

	
	Q4
	339
	39 (11.5)
	3.07 (1.66–5.70)
	
	83
	8 (9.6)
	3.38 (0.82–13.92)
	

	
	P for trend
	1501
	95 (6.3)
	1.59 (1.30–1.95)
	
	461
	20 (4.3)
	1.43 (0.93–2.21)
	

	≥60
	
	
	
	
	
	
	
	
	

	
	Q1
	165
	1 (0.6)
	1.00 (Ref.)
	
	133
	2 (1.5)
	1.00 (Ref.)
	

	
	Q2
	204
	14 (6.9)
	10.30 (1.35–78.57)
	
	152
	7 (4.6)
	3.20 (0.66–15.52)
	

	
	Q3
	249
	26 (10.4)
	15.31 (2.07–113.46)
	
	170
	7 (4.1)
	2.13 (0.43–10.55)
	

	
	Q4
	255
	36 (14.1)
	20.73 (2.81–152.78)
	
	195
	23 (11.8)
	6.53 (1.46–29.16)
	

	
	P for trend
	873
	77 (8.8)
	1.72 (1.33–2.22)
	
	650
	39 (6.0)
	1.74 (1.19–2.55)
	

	BMI (kg/m2)
	
	
	
	
	0.017
	
	
	
	0.146

	<25
	
	
	
	
	
	
	
	
	

	
	Q1
	411
	5 (1.2)
	1.00 (Ref.)
	
	110
	2 (1.8)
	1.00 (Ref.)
	

	
	Q2
	421
	19 (4.5)
	3.69 (1.37–9.95)
	
	106
	2 (1.9)
	1.22 (0.15–9.95)
	

	
	Q3
	408
	25 (6.1)
	5.00 (1.88–13.33)
	
	85
	3 (3.5)
	1.43 (0.19–10.81)
	

	
	Q4
	392
	37 (9.4)
	7.37 (2.83–19.19)
	
	50
	1 (2.0)
	0.93 (0.06–13.63)
	

	
	P for trend
	1632
	86 (5.3)
	1.67 (1.34–2.08)
	
	351
	8 (2.3)
	1.04 (0.49–2.23)
	

	≥25
	
	
	
	
	
	
	
	
	

	
	Q1
	183
	13 (7.1)
	1.00 (Ref.)
	
	168
	3 (1.8)
	1.00 (Ref.)
	

	
	Q2
	172
	7 (4.1)
	0.44 (0.17–1.15)
	
	172
	10 (5.8)
	3.57 (0.98–13.07)
	

	
	Q3
	185
	28 (15.1)
	2.02 (1.02–4.00)
	
	192
	8 (4.2)
	2.20 (0.57–8.45)
	

	
	Q4
	202
	38 (18.8)
	2.42 (1.22–4.79)
	
	228
	30 (13.2)
	8.58 (2.53–29.10)
	

	
	P for trend
	742
	86 (11.6)
	1.55 (1.24–1.93)
	
	760
	51 (6.7)
	1.90 (1.38–2.60)
	

	Sex
	
	
	
	
	0.935
	
	
	
	0.219

	Male
	
	
	
	
	
	
	
	
	

	
	Q1
	413
	12 (2.9)
	1.00 (Ref.)
	
	138
	5 (3.6)
	1.00 (Ref.)
	

	
	Q2
	350
	16 (4.6)
	1.51 (0.71–3.21)
	
	148
	9 (6.1)
	2.03 (0.66–6.19)
	

	
	Q3
	330
	28 (8.5)
	3.18 (1.58–6.39)
	
	112
	7 (6.2)
	1.66 (0.50–5.52)
	

	
	Q4
	251
	31 (12.4)
	4.89 (2.43–9.83)
	
	92
	13 (14.1)
	3.89 (1.28–11.85)
	

	
	P for trend
	1344
	87 (6.5)
	1.73 (1.40–2.14)
	
	490
	34 (6.9)
	1.49 (1.06–2.11)
	

	Female
	
	
	
	
	
	
	
	
	

	
	Q1
	181
	6 (3.3)
	1.00 (Ref.)
	
	140
	0 (0.0)
	1.00 (Ref.)
	

	
	Q2
	243
	10 (4.1)
	1.03 (0.37–2.87)
	
	130
	3 (2.3)
	NA
	

	
	Q3
	263
	25 (9.5)
	2.56 (1.04–6.32)
	
	165
	4 (2.4)
	NA
	

	
	Q4
	343
	44 (12.8)
	3.14 (1.32–7.50)
	
	186
	18 (9.7)
	NA
	

	
	P for trend
	1030
	85 (8.3)
	1.55 (1.23–1.96)
	
	621
	25 (4.0)
	2.49 (1.39–4.46)
	

	Smoking status
	
	
	
	
	0.961
	
	
	
	0.440

	Never
	
	
	
	
	
	
	
	
	

	
	Q1
	281
	9 (3.2)
	1.00 (Ref.)
	
	132
	1 (0.8)
	1.00 (Ref.)
	

	
	Q2
	307
	14 (4.6)
	1.30 (0.56–3.04)
	
	116
	4 (3.4)
	4.83 (0.51–45.30)
	

	
	Q3
	319
	31 (9.7)
	3.05 (1.42–6.55)
	
	114
	6 (5.3)
	6.98 (0.81–60.52)
	

	
	Q4
	364
	49 (13.5)
	3.87 (1.84–8.14)
	
	100
	11 (11.0)
	17.87 (2.12–150.46)
	

	
	P for trend
	1271
	103 (8.1)
	1.61 (1.31–1.98)
	
	462
	22 (4.8)
	2.26 (1.38–3.70)
	

	Others
	
	
	
	
	
	
	
	
	

	
	Q1
	313
	9 (2.9)
	1.00 (Ref.)
	
	146
	4 (2.7)
	1.00 (Ref.)
	

	
	Q2
	286
	12 (4.2)
	1.39 (0.58–3.33)
	
	162
	8 (4.9)
	1.82 (0.54–6.18)
	

	
	Q3
	274
	22 (8.0)
	2.80 (1.26–6.22)
	
	163
	5 (3.1)
	0.86 (0.23–3.30)
	

	
	Q4
	230
	26 (11.3)
	4.10 (1.85–9.08)
	
	178
	20 (11.2)
	2.85 (0.92–8.87)
	

	
	P for trend
	1103
	69 (6.3)
	1.64 (1.29–2.09)
	
	649
	37 (5.7)
	1.37 (0.97–1.94)
	

	Drinking status
	
	
	
	
	0.728
	
	
	
	0.830

	Never
	
	
	
	
	
	
	
	
	

	
	Q1
	230
	8 (3.5)
	1.00 (Ref.)
	
	14
	0 (0.0)
	1.00 (Ref.)
	

	
	Q2
	258
	10 (3.9)
	1.02 (0.40–2.60)
	
	8
	0 (0.0)
	NA
	

	
	Q3
	253
	25 (9.9)
	2.76 (1.23–6.21)
	
	17
	1 (5.9)
	NA
	

	
	Q4
	298
	40 (13.4)
	3.26 (1.49–7.15)
	
	32
	5 (15.6)
	NA
	

	
	P for trend
	1039
	83 (8.0)
	1.56 (1.25–1.96)
	
	71
	6 (8.5)
	33.40 (0.81–1372.41)
	

	Others
	
	
	
	
	
	
	
	
	

	
	Q1
	364
	10 (2.7)
	1.00 (Ref.)
	
	264
	5 (1.9)
	1.00 (Ref.)
	

	
	Q2
	335
	16 (4.8)
	1.65 (0.74–3.69)
	
	270
	12 (4.4)
	2.33 (0.82–6.66)
	

	
	Q3
	340
	28 (8.2)
	3.15 (1.49–6.67)
	
	260
	10 (3.8)
	1.68 (0.56–5.01)
	

	
	Q4
	296
	35 (11.8)
	4.86 (2.32–10.18)
	
	246
	26 (10.6)
	4.61 (1.70–12.55)
	

	
	P for trend
	1335
	89 (6.7)
	1.70 (1.37–2.11)
	
	1040
	53 (5.1)
	1.58 (1.18–2.10)
	

	Hypertension
	
	
	
	
	0.381
	
	
	
	0.314

	No
	
	
	
	
	
	
	
	
	

	
	Q1
	414
	8 (1.9)
	1.00 (Ref.)
	
	160
	1 (0.6)
	1.00 (Ref.)
	

	
	Q2
	375
	12 (3.2)
	1.80 (0.72–4.48)
	
	156
	7 (4.5)
	7.04 (0.85–58.68)
	

	
	Q3
	374
	25 (6.7)
	4.37 (1.90–10.05)
	
	154
	5 (3.2)
	5.22 (0.58–47.23)
	

	
	Q4
	342
	22 (6.4)
	3.81 (1.61–9.02)
	
	112
	7 (6.2)
	8.12 (0.87–75.47)
	

	
	P for trend
	1505
	67 (4.5)
	1.55 (1.22–1.97)
	
	582
	20 (3.4)
	1.51 (0.92–2.49)
	

	Yes
	
	
	
	
	
	
	
	
	

	
	Q1
	180
	10 (5.6)
	1.00 (Ref.)
	
	118
	4 (3.4)
	1.00 (Ref.)
	

	
	Q2
	218
	14 (6.4)
	1.11 (0.49–2.53)
	
	122
	5 (4.1)
	1.30 (0.34–4.88)
	

	
	Q3
	219
	28 (12.8)
	2.31 (1.10–4.85)
	
	123
	6 (4.9)
	1.17 (0.32–4.30)
	

	
	Q4
	252
	53 (21.0)
	3.93 (1.94–7.96)
	
	166
	24 (14.5)
	3.73 (1.24–11.24)
	

	
	P for trend
	869
	105 (12.1)
	1.69 (1.37–2.08)
	
	529
	39 (7.4)
	1.67 (1.18–2.37)
	

	Dyslipidemia
	
	
	
	
	0.773
	
	
	
	0.087

	No
	
	
	
	
	
	
	
	
	

	
	Q1
	550
	15 (2.7)
	1.00 (Ref.)
	
	239
	4 (1.7)
	1.00 (Ref.)
	

	
	Q2
	549
	19 (3.5)
	1.31 (0.66–2.59)
	
	235
	7 (3.0)
	1.68 (0.49–5.80)
	

	
	Q3
	540
	39 (7.2)
	3.07 (1.66–5.67)
	
	223
	10 (4.5)
	2.04 (0.62–6.72)
	

	
	Q4
	522
	55 (10.5)
	4.54 (2.48–8.31)
	
	222
	26 (11.7)
	5.71 (1.90–17.22)
	

	
	P for trend
	2161
	128 (5.9)
	1.72 (1.44–2.06)
	
	919
	47 (5.1)
	1.86 (1.34–2.59)
	

	Yes
	
	
	
	
	
	
	
	
	

	
	Q1
	44
	3 (6.8)
	1.00 (Ref.)
	
	39
	1 (2.6)
	1.00 (Ref.)
	

	
	Q2
	44
	7 (15.9)
	1.64 (0.41–6.63)
	
	43
	5 (11.6)
	6.15 (0.43–87.59)
	

	
	Q3
	53
	14 (26.4)
	2.87 (0.80–10.32)
	
	54
	1 (1.9)
	0.25 (0.01–5.45)
	

	
	Q4
	72
	20 (27.8)
	3.48 (0.98–12.31)
	
	56
	5 (8.9)
	2.44 (0.23–25.89)
	

	
	P for trend
	213
	44 (20.7)
	1.47 (1.06–2.06)
	
	192
	12 (6.2)
	0.90 (0.47–1.72)
	


HR, hazard ratio; CI, confidence interval; Q, quartile; Ref, reference. Models were adjusted for Model 4 covariates after excluding the subgroup variable being analyzed: age, sex, marital status, educational level, smoking status, drinking status, BMI, hypertension, dyslipidemia, SBP, DBP, TC, HDL-C, and LDL-C. 

Table S10. Sensitivity analyses of the association between baseline CTI-FI and incident CMM in CHARLS
	Characteristic
	Cases/N
	Model 1
	Model 2
	Model 3
	Model 4

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

	Excluded participants with incident CMM at the first available post-index assessment.

	CTI-FI (per 1 unit)
	437 / 4,757
	1.49 (1.37, 1.61)
	<0.001
	1.51 (1.39, 1.63)
	<0.001
	1.45 (1.33, 1.57)
	<0.001
	1.43 (1.32, 1.55)
	<0.001

	CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	52 / 1,190
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	97 / 1,189
	1.89 (1.35, 2.65)
	<0.001
	1.97 (1.40, 2.76)
	<0.001
	1.95 (1.39, 2.74)
	<0.001
	1.92 (1.37, 2.70)
	<0.001

	  Q3
	114 / 1,189
	2.24 (1.61, 3.12)
	<0.001
	2.30 (1.65, 3.21)
	<0.001
	2.17 (1.56, 3.03)
	<0.001
	2.18 (1.56, 3.05)
	<0.001

	  Q4
	174 / 1,189
	3.49 (2.54, 4.79)
	<0.001
	3.66 (2.66, 5.05)
	<0.001
	3.16 (2.29, 4.36)
	<0.001
	3.13 (2.27, 4.33)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Excluded participants with CRP >10 mg/L at an exposure assessment.

	CTI-FI (per 1 unit)
	447 / 4,601
	1.52 (1.40, 1.64)
	<0.001
	1.55 (1.43, 1.68)
	<0.001
	1.48 (1.37, 1.61)
	<0.001
	1.49 (1.37, 1.62)
	<0.001

	CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	54 / 1,151
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	96 / 1,150
	1.80 (1.29, 2.51)
	<0.001
	1.87 (1.34, 2.62)
	<0.001
	1.83 (1.31, 2.56)
	<0.001
	1.80 (1.29, 2.52)
	<0.001

	  Q3
	120 / 1,150
	2.31 (1.67, 3.19)
	<0.001
	2.39 (1.72, 3.30)
	<0.001
	2.25 (1.62, 3.12)
	<0.001
	2.27 (1.64, 3.15)
	<0.001

	  Q4
	177 / 1,150
	3.45 (2.53, 4.72)
	<0.001
	3.65 (2.66, 5.01)
	<0.001
	3.13 (2.28, 4.31)
	<0.001
	3.11 (2.26, 4.28)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Excluded participants with exposure values outside the mean ± 3 SD range.

	CTI-FI (per 1 unit)
	439 / 4,692
	1.59 (1.43, 1.77)
	<0.001
	1.63 (1.46, 1.81)
	<0.001
	1.53 (1.37, 1.71)
	<0.001
	1.52 (1.37, 1.69)
	<0.001

	CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	52 / 1,173
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	98 / 1,173
	1.91 (1.36, 2.67)
	<0.001
	1.99 (1.42, 2.79)
	<0.001
	1.96 (1.40, 2.75)
	<0.001
	1.93 (1.37, 2.70)
	<0.001

	  Q3
	118 / 1,173
	2.35 (1.69, 3.26)
	<0.001
	2.42 (1.74, 3.37)
	<0.001
	2.28 (1.64, 3.18)
	<0.001
	2.31 (1.66, 3.22)
	<0.001

	  Q4
	171 / 1,173
	3.47 (2.52, 4.76)
	<0.001
	3.66 (2.65, 5.04)
	<0.001
	3.18 (2.30, 4.39)
	<0.001
	3.17 (2.29, 4.37)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Participants were divided into three groups based on cohort-specific exposure tertiles.

	CTI-FI (per 1 unit)
	467 / 4,787
	1.53 (1.42, 1.64)
	<0.001
	1.55 (1.44, 1.67)
	<0.001
	1.49 (1.38, 1.60)
	<0.001
	1.48 (1.37, 1.60)
	<0.001

	CTI-FI (Tertiles)
	
	
	
	
	
	
	
	
	

	  T1
	86 / 1,596
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  T2
	143 / 1,595
	1.69 (1.29, 2.21)
	<0.001
	1.75 (1.33, 2.29)
	<0.001
	1.68 (1.28, 2.20)
	<0.001
	1.66 (1.26, 2.17)
	<0.001

	  T3
	238 / 1,596
	2.91 (2.26, 3.75)
	<0.001
	3.03 (2.34, 3.93)
	<0.001
	2.70 (2.09, 3.50)
	<0.001
	2.71 (2.10, 3.52)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	FI was calculated when ≥80% of the 28 items were available.

	CTI-FI (per 1 unit)
	891 / 8,408
	1.43 (1.37, 1.50)
	<0.001
	1.44 (1.38, 1.51)
	<0.001
	1.40 (1.33, 1.47)
	<0.001
	1.39 (1.32, 1.46)
	<0.001

	CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	101 / 2,102
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	182 / 2,102
	1.83 (1.43, 2.33)
	<0.001
	1.91 (1.50, 2.44)
	<0.001
	1.89 (1.48, 2.42)
	<0.001
	1.89 (1.48, 2.41)
	<0.001

	  Q3
	227 / 2,102
	2.25 (1.77, 2.85)
	<0.001
	2.25 (1.77, 2.86)
	<0.001
	2.13 (1.68, 2.70)
	<0.001
	2.15 (1.69, 2.73)
	<0.001

	  Q4
	381 / 2,102
	3.98 (3.18, 5.00)
	<0.001
	4.18 (3.32, 5.25)
	<0.001
	3.64 (2.89, 4.58)
	<0.001
	3.61 (2.86, 4.54)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001


Cases/N denotes incident CMM cases/participants. Model 1 adjusted for age and sex; Model 2 additionally adjusted for marital status, educational level, smoking status, BMI, and drinking status; Model 3 additionally adjusted for hypertension and dyslipidemia; and Model 4 additionally adjusted for SBP, DBP, TC, HDL-C, and LDL-C. Early CMM denotes events at the first post-index assessment (CHARLS W2). The CRP analysis excluded values >10 mg/L at the baseline exposure wave. Exposure outliers were values outside the mean ± 3 SD. The alternative FI analysis required at least 23 of 28 items (≥80%) at each required exposure wave. CMM, cardiometabolic multimorbidity; FI, frailty index; CRP, C-reactive protein; HR, hazard ratio; CI, confidence interval; SD, standard deviation.
Table S11. Sensitivity analyses of the association between cumulative CTI-FI and incident CMM in CHARLS
	Characteristic
	Cases/N
	Model 1
	Model 2
	Model 3
	Model 4

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

	Excluded participants with incident CMM at the first available post-index assessment.

	Cumulative CTI-FI (per 1 unit)
	78 / 2,280
	1.18 (1.10, 1.26)
	<0.001
	1.19 (1.12, 1.28)
	<0.001
	1.18 (1.10, 1.26)
	<0.001
	1.18 (1.10, 1.26)
	<0.001

	Cumulative CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	7 / 570
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	14 / 570
	1.92 (0.77, 4.77)
	0.161
	2.09 (0.84, 5.22)
	0.114
	2.04 (0.82, 5.09)
	0.127
	1.93 (0.77, 4.83)
	0.159

	  Q3
	26 / 570
	3.57 (1.54, 8.29)
	0.003
	3.96 (1.69, 9.31)
	0.002
	3.73 (1.59, 8.74)
	0.003
	3.72 (1.58, 8.75)
	0.003

	  Q4
	31 / 570
	4.33 (1.87, 10.00)
	<0.001
	4.82 (2.05, 11.31)
	<0.001
	4.31 (1.84, 10.12)
	<0.001
	4.39 (1.87, 10.32)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Excluded participants with CRP >10 mg/L at an exposure assessment.

	Cumulative CTI-FI (per 1 unit)
	157 / 2,226
	1.19 (1.13, 1.25)
	<0.001
	1.21 (1.15, 1.27)
	<0.001
	1.18 (1.12, 1.24)
	<0.001
	1.18 (1.12, 1.24)
	<0.001

	Cumulative CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	18 / 557
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	23 / 556
	1.24 (0.67, 2.30)
	0.501
	1.38 (0.74, 2.57)
	0.317
	1.29 (0.69, 2.42)
	0.417
	1.21 (0.65, 2.26)
	0.552

	  Q3
	49 / 556
	2.67 (1.55, 4.61)
	<0.001
	3.00 (1.72, 5.24)
	<0.001
	2.70 (1.55, 4.71)
	<0.001
	2.76 (1.58, 4.82)
	<0.001

	  Q4
	67 / 557
	3.67 (2.15, 6.26)
	<0.001
	4.14 (2.39, 7.16)
	<0.001
	3.52 (2.04, 6.10)
	<0.001
	3.61 (2.08, 6.24)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Excluded participants with exposure values outside the mean ± 3 SD range.

	Cumulative CTI-FI (per 1 unit)
	164 / 2,335
	1.26 (1.19, 1.34)
	<0.001
	1.27 (1.19, 1.35)
	<0.001
	1.24 (1.16, 1.32)
	<0.001
	1.24 (1.17, 1.32)
	<0.001

	Cumulative CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	18 / 584
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	25 / 584
	1.35 (0.73, 2.48)
	0.334
	1.49 (0.81, 2.75)
	0.201
	1.41 (0.76, 2.60)
	0.271
	1.31 (0.71, 2.42)
	0.385

	  Q3
	52 / 583
	2.85 (1.66, 4.90)
	<0.001
	3.16 (1.82, 5.48)
	<0.001
	2.83 (1.63, 4.92)
	<0.001
	2.86 (1.65, 4.97)
	<0.001

	  Q4
	69 / 584
	3.87 (2.28, 6.57)
	<0.001
	4.25 (2.47, 7.30)
	<0.001
	3.58 (2.08, 6.15)
	<0.001
	3.68 (2.14, 6.34)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Participants were divided into three groups based on cohort-specific exposure tertiles.

	Cumulative CTI-FI (per 1 unit)
	172 / 2,374
	1.18 (1.13, 1.24)
	<0.001
	1.20 (1.14, 1.25)
	<0.001
	1.17 (1.12, 1.23)
	<0.001
	1.17 (1.12, 1.23)
	<0.001

	Cumulative CTI-FI (Tertiles)
	
	
	
	
	
	
	
	
	

	  T1
	26 / 792
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  T2
	52 / 791
	1.98 (1.24, 3.18)
	0.004
	2.15 (1.33, 3.47)
	0.002
	1.91 (1.18, 3.08)
	0.008
	1.90 (1.17, 3.06)
	0.009

	  T3
	94 / 791
	3.62 (2.33, 5.65)
	<0.001
	3.90 (2.48, 6.14)
	<0.001
	3.33 (2.12, 5.25)
	<0.001
	3.47 (2.21, 5.47)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	FI was calculated when ≥80% of the 28 items were available.

	Cumulative CTI-FI (per 1 unit)
	415 / 5,162
	1.16 (1.13, 1.19)
	<0.001
	1.16 (1.13, 1.19)
	<0.001
	1.15 (1.12, 1.18)
	<0.001
	1.15 (1.12, 1.18)
	<0.001

	Cumulative CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	36 / 1,291
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	66 / 1,290
	1.81 (1.20, 2.72)
	0.004
	1.90 (1.26, 2.86)
	0.002
	1.77 (1.17, 2.67)
	0.006
	1.74 (1.15, 2.62)
	0.008

	  Q3
	116 / 1,290
	3.18 (2.18, 4.64)
	<0.001
	3.38 (2.31, 4.96)
	<0.001
	3.12 (2.12, 4.57)
	<0.001
	3.16 (2.16, 4.64)
	<0.001

	  Q4
	197 / 1,291
	5.47 (3.80, 7.88)
	<0.001
	5.59 (3.86, 8.10)
	<0.001
	4.87 (3.36, 7.07)
	<0.001
	4.84 (3.34, 7.03)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001


Cases/N denotes incident CMM cases/participants. Model 1 adjusted for age and sex; Model 2 additionally adjusted for marital status, educational level, smoking status, BMI, and drinking status; Model 3 additionally adjusted for hypertension and dyslipidemia; and Model 4 additionally adjusted for SBP, DBP, TC, HDL-C, and LDL-C. Early CMM denotes events at the first post-index assessment (CHARLS W4). The CRP analysis excluded values >10 mg/L at either cumulative exposure wave. Exposure outliers were values outside the mean ± 3 SD. The alternative FI analysis required at least 23 of 28 items (≥80%) at each required exposure wave. CMM, cardiometabolic multimorbidity; FI, frailty index; CRP, C-reactive protein; HR, hazard ratio; CI, confidence interval; SD, standard deviation.
Table S12. Sensitivity analyses of the association between baseline CTI-FI and incident CMM in ELSA
	Characteristic
	Cases/N
	Model 1
	Model 2
	Model 3
	Model 4

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

	Excluded participants with incident CMM at the first available post-index assessment.

	CTI-FI (per 1 unit)
	126 / 2,287
	1.44 (1.28, 1.62)
	<0.001
	1.32 (1.16, 1.50)
	<0.001
	1.29 (1.13, 1.47)
	<0.001
	1.27 (1.11, 1.44)
	<0.001

	CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	16 / 572
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	27 / 572
	1.75 (0.94, 3.26)
	0.076
	1.76 (0.95, 3.28)
	0.073
	1.73 (0.93, 3.22)
	0.084
	1.71 (0.92, 3.19)
	0.091

	  Q3
	28 / 571
	1.85 (1.00, 3.43)
	0.052
	1.71 (0.92, 3.19)
	0.089
	1.68 (0.90, 3.13)
	0.100
	1.59 (0.85, 2.97)
	0.143

	  Q4
	55 / 572
	4.65 (2.63, 8.25)
	<0.001
	3.58 (1.99, 6.45)
	<0.001
	3.43 (1.90, 6.17)
	<0.001
	3.34 (1.85, 6.00)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Excluded participants with CRP >10 mg/L at an exposure assessment.

	CTI-FI (per 1 unit)
	146 / 2,184
	1.50 (1.35, 1.67)
	<0.001
	1.40 (1.24, 1.58)
	<0.001
	1.36 (1.21, 1.54)
	<0.001
	1.35 (1.20, 1.52)
	<0.001

	CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	24 / 546
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	28 / 546
	1.15 (0.67, 1.98)
	0.619
	1.16 (0.67, 2.01)
	0.598
	1.13 (0.65, 1.95)
	0.667
	1.12 (0.64, 1.94)
	0.693

	  Q3
	27 / 546
	1.12 (0.64, 1.95)
	0.695
	1.07 (0.61, 1.86)
	0.822
	1.05 (0.60, 1.83)
	0.872
	0.98 (0.56, 1.72)
	0.949

	  Q4
	67 / 546
	3.47 (2.14, 5.62)
	<0.001
	2.78 (1.69, 4.58)
	<0.001
	2.67 (1.62, 4.39)
	<0.001
	2.62 (1.59, 4.31)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Excluded participants with exposure values outside the mean ± 3 SD range.

	CTI-FI (per 1 unit)
	151 / 2,269
	1.70 (1.47, 1.96)
	<0.001
	1.51 (1.29, 1.77)
	<0.001
	1.47 (1.25, 1.72)
	<0.001
	1.46 (1.25, 1.72)
	<0.001

	CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	24 / 568
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	30 / 567
	1.24 (0.72, 2.12)
	0.438
	1.26 (0.73, 2.16)
	0.404
	1.21 (0.71, 2.08)
	0.481
	1.19 (0.69, 2.04)
	0.529

	  Q3
	30 / 567
	1.25 (0.73, 2.14)
	0.426
	1.18 (0.69, 2.04)
	0.544
	1.15 (0.67, 1.98)
	0.618
	1.09 (0.63, 1.88)
	0.749

	  Q4
	67 / 567
	3.34 (2.06, 5.42)
	<0.001
	2.63 (1.60, 4.32)
	<0.001
	2.53 (1.54, 4.17)
	<0.001
	2.46 (1.49, 4.04)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Participants were divided into three groups based on cohort-specific exposure tertiles.

	CTI-FI (per 1 unit)
	160 / 2,321
	1.49 (1.35, 1.64)
	<0.001
	1.37 (1.23, 1.54)
	<0.001
	1.33 (1.19, 1.49)
	<0.001
	1.31 (1.17, 1.47)
	<0.001

	CTI-FI (Tertiles)
	
	
	
	
	
	
	
	
	

	  T1
	34 / 774
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  T2
	42 / 773
	1.25 (0.80, 1.97)
	0.331
	1.19 (0.75, 1.88)
	0.454
	1.15 (0.73, 1.81)
	0.560
	1.07 (0.67, 1.68)
	0.786

	  T3
	84 / 774
	2.89 (1.92, 4.37)
	<0.001
	2.23 (1.45, 3.42)
	<0.001
	2.11 (1.37, 3.23)
	<0.001
	2.01 (1.31, 3.09)
	0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	FI was calculated when ≥80% of the 28 items were available.

	CTI-FI (per 1 unit)
	160 / 2,331
	1.48 (1.34, 1.64)
	<0.001
	1.37 (1.22, 1.53)
	<0.001
	1.33 (1.19, 1.48)
	<0.001
	1.31 (1.17, 1.46)
	<0.001

	CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	25 / 583
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	30 / 583
	1.19 (0.70, 2.03)
	0.519
	1.19 (0.70, 2.03)
	0.521
	1.17 (0.69, 1.99)
	0.566
	1.16 (0.68, 1.97)
	0.592

	  Q3
	31 / 582
	1.23 (0.73, 2.10)
	0.437
	1.13 (0.66, 1.93)
	0.656
	1.10 (0.64, 1.88)
	0.729
	1.03 (0.60, 1.75)
	0.924

	  Q4
	74 / 583
	3.71 (2.32, 5.93)
	<0.001
	2.85 (1.76, 4.62)
	<0.001
	2.69 (1.66, 4.36)
	<0.001
	2.62 (1.61, 4.25)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001


Cases/N denotes incident CMM cases/participants. Model 1 adjusted for age and sex; Model 2 additionally adjusted for marital status, educational level, smoking status, BMI, and drinking status; Model 3 additionally adjusted for hypertension and dyslipidemia; and Model 4 additionally adjusted for SBP, DBP, TC, HDL-C, and LDL-C. Early CMM denotes events at the first post-index assessment (ELSA W4). The CRP analysis excluded values >10 mg/L at the baseline exposure wave. Exposure outliers were values outside the mean ± 3 SD. The alternative FI analysis required at least 23 of 28 items (≥80%) at each required exposure wave. CMM, cardiometabolic multimorbidity; FI, frailty index; CRP, C-reactive protein; HR, hazard ratio; CI, confidence interval; SD, standard deviation.
Table S13. Sensitivity analyses of the association between cumulative CTI-FI and incident CMM in ELSA
	Characteristic
	Cases/N
	Model 1
	Model 2
	Model 3
	Model 4

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

	Excluded participants with incident CMM at the first available post-index assessment.

	Cumulative CTI-FI (per 1 unit)
	41 / 1,093
	1.11 (1.05, 1.17)
	<0.001
	1.08 (1.02, 1.15)
	0.007
	1.08 (1.02, 1.14)
	0.012
	1.07 (1.00, 1.13)
	0.040

	Cumulative CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	4 / 274
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	10 / 273
	2.63 (0.82, 8.40)
	0.103
	2.66 (0.83, 8.52)
	0.100
	2.65 (0.83, 8.50)
	0.101
	2.96 (0.92, 9.53)
	0.069

	  Q3
	7 / 273
	2.00 (0.58, 6.88)
	0.273
	1.85 (0.53, 6.42)
	0.335
	1.80 (0.52, 6.28)
	0.355
	1.65 (0.47, 5.82)
	0.432

	  Q4
	20 / 273
	7.18 (2.40, 21.49)
	<0.001
	5.95 (1.94, 18.27)
	0.002
	5.68 (1.85, 17.49)
	0.002
	5.07 (1.65, 15.62)
	0.005

	  P for trend
	
	
	<0.001
	
	0.001
	
	0.002
	
	0.006

	Excluded participants with CRP >10 mg/L at an exposure assessment.

	Cumulative CTI-FI (per 1 unit)
	52 / 1,028
	1.12 (1.07, 1.17)
	<0.001
	1.09 (1.04, 1.15)
	<0.001
	1.09 (1.03, 1.15)
	0.002
	1.08 (1.02, 1.14)
	0.009

	Cumulative CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	4 / 257
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	13 / 257
	3.21 (1.05, 9.87)
	0.042
	3.22 (1.04, 9.90)
	0.042
	3.20 (1.04, 9.87)
	0.042
	3.43 (1.11, 10.56)
	0.032

	  Q3
	10 / 257
	2.65 (0.83, 8.48)
	0.101
	2.23 (0.69, 7.25)
	0.181
	2.21 (0.68, 7.16)
	0.188
	2.03 (0.62, 6.64)
	0.241

	  Q4
	25 / 257
	8.24 (2.82, 24.10)
	<0.001
	6.20 (2.07, 18.55)
	0.001
	6.00 (2.00, 17.98)
	0.001
	5.43 (1.80, 16.35)
	0.003

	  P for trend
	
	
	<0.001
	
	<0.001
	
	0.001
	
	0.003

	Excluded participants with exposure values outside the mean ± 3 SD range.

	Cumulative CTI-FI (per 1 unit)
	56 / 1,088
	1.20 (1.13, 1.28)
	<0.001
	1.17 (1.09, 1.24)
	<0.001
	1.16 (1.08, 1.24)
	<0.001
	1.15 (1.08, 1.23)
	<0.001

	Cumulative CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	4 / 272
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	13 / 272
	3.28 (1.07, 10.07)
	0.038
	3.29 (1.07, 10.13)
	0.038
	3.29 (1.07, 10.13)
	0.038
	3.45 (1.12, 10.62)
	0.031

	  Q3
	10 / 272
	2.68 (0.84, 8.59)
	0.097
	2.17 (0.67, 7.08)
	0.197
	2.16 (0.66, 7.02)
	0.202
	1.99 (0.61, 6.52)
	0.254

	  Q4
	29 / 272
	9.35 (3.22, 27.15)
	<0.001
	6.94 (2.35, 20.51)
	<0.001
	6.69 (2.26, 19.79)
	<0.001
	6.20 (2.09, 18.38)
	<0.001

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Participants were divided into three groups based on cohort-specific exposure tertiles.

	Cumulative CTI-FI (per 1 unit)
	59 / 1,111
	1.12 (1.08, 1.17)
	<0.001
	1.09 (1.04, 1.15)
	<0.001
	1.09 (1.04, 1.14)
	<0.001
	1.08 (1.03, 1.13)
	0.003

	Cumulative CTI-FI (Tertiles)
	
	
	
	
	
	
	
	
	

	  T1
	9 / 371
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  T2
	14 / 370
	1.58 (0.68, 3.67)
	0.284
	1.36 (0.58, 3.19)
	0.481
	1.36 (0.58, 3.19)
	0.479
	1.31 (0.56, 3.09)
	0.534

	  T3
	36 / 370
	4.81 (2.28, 10.16)
	<0.001
	3.63 (1.68, 7.85)
	0.001
	3.51 (1.62, 7.60)
	0.001
	3.17 (1.46, 6.88)
	0.004

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	FI was calculated when ≥80% of the 28 items were available.

	Cumulative CTI-FI (per 1 unit)
	59 / 1,116
	1.12 (1.08, 1.17)
	<0.001
	1.09 (1.04, 1.15)
	<0.001
	1.09 (1.04, 1.14)
	<0.001
	1.08 (1.03, 1.13)
	0.003

	Cumulative CTI-FI (Quartiles)
	
	
	
	
	
	
	
	
	

	  Q1
	5 / 279
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	
	1.0 (Reference)
	

	  Q2
	12 / 279
	2.40 (0.84, 6.82)
	0.101
	2.32 (0.81, 6.62)
	0.115
	2.34 (0.82, 6.67)
	0.112
	2.45 (0.86, 7.01)
	0.094

	  Q3
	12 / 279
	2.54 (0.89, 7.28)
	0.082
	2.13 (0.74, 6.17)
	0.162
	2.11 (0.73, 6.09)
	0.169
	1.91 (0.66, 5.57)
	0.234

	  Q4
	30 / 279
	7.46 (2.84, 19.59)
	<0.001
	5.42 (2.02, 14.57)
	<0.001
	5.18 (1.93, 13.90)
	0.001
	4.76 (1.77, 12.79)
	0.002

	  P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	0.001


Cases/N denotes incident CMM cases/participants. Model 1 adjusted for age and sex; Model 2 additionally adjusted for marital status, educational level, smoking status, BMI, and drinking status; Model 3 additionally adjusted for hypertension and dyslipidemia; and Model 4 additionally adjusted for SBP, DBP, TC, HDL-C, and LDL-C. Early CMM denotes events at the first post-index assessment (ELSA W6). The CRP analysis excluded values >10 mg/L at either cumulative exposure wave. Exposure outliers were values outside the mean ± 3 SD. The alternative FI analysis required at least 23 of 28 items (≥80%) at each required exposure wave. CMM, cardiometabolic multimorbidity; FI, frailty index; CRP, C-reactive protein; HR, hazard ratio; CI, confidence interval; SD, standard deviation.

Table S14. E-values for unmeasured confounding in associations of CTI-FI and cumulative CTI-FI with incident CMM.
	Exposure
	CHARLS
	ELSA

	
	Model 4
	E-value
	Model 4
	E-value

	
	HR (95% CI)
	P
	Point
	Lower
	HR (95% CI)
	P
	Point
	Lower

	CTI-FI
	1.48 (1.37–1.60)
	<0.001
	2.32
	2.08
	1.31 (1.17–1.47)
	<0.001
	1.95
	1.62

	CTI-FI quartile
	
	
	
	
	
	
	
	

	  Q1
	1.00 (Ref)
	
	
	
	1.00 (Ref)
	
	
	

	  Q2
	1.92 (1.37–2.68)
	<0.001
	3.25
	2.08
	1.16 (0.68–1.97)
	0.597
	1.59
	1.00

	  Q3
	2.35 (1.70–3.25)
	<0.001
	4.13
	2.79
	1.04 (0.61–1.78)
	0.878
	1.24
	1.00

	  Q4
	3.40 (2.48–4.66)
	<0.001
	6.26
	4.40
	2.62 (1.61–4.25)
	<0.001
	4.68
	2.60

	P for trend
	1.44 (1.32–1.58)
	<0.001
	2.24
	1.97
	1.40 (1.19–1.64)
	<0.001
	2.15
	1.67

	Cumulative CTI-FI
	1.17 (1.12–1.23)
	<0.001
	1.62
	1.49
	1.08 (1.03–1.13)
	0.003
	1.37
	1.21

	Cumulative CTI-FI quartile
	
	
	
	
	
	
	
	

	  Q1
	1.00 (Ref)
	
	
	
	1.00 (Ref)
	
	
	

	  Q2
	1.34 (0.73–2.47)
	0.341
	2.01
	1.00
	2.43 (0.85–6.93)
	0.098
	4.29
	1.00

	  Q3
	2.96 (1.71–5.12)
	<0.001
	5.37
	2.81
	1.75 (0.59–5.18)
	0.308
	2.90
	1.00

	  Q4
	3.99 (2.33–6.84)
	<0.001
	7.44
	4.09
	4.91 (1.83–13.15)
	0.002
	9.29
	3.06

	P for trend
	1.63 (1.39–1.90)
	<0.001
	2.64
	2.13
	1.62 (1.23–2.15)
	<0.001
	2.62
	1.76


HR, hazard ratio; CI, confidence interval; CMM, cardiometabolic multimorbidity. E-values were calculated from the fully adjusted Model 4 estimates. Lower denotes the E-value for the 95% CI limit closest to the null and equals 1.00 when the CI includes 1.00. Model 4 adjusted for age, sex, marital status, educational level, smoking status, body mass index, drinking status, hypertension, dyslipidemia, systolic blood pressure, diastolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol.
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Figure S1. External discrimination and decision-curve analysis of eight machine-learning algorithms in the ELSA cumulative cohort. (A) Receiver operating characteristic curves. (B) Decision curves. All models were trained in CHARLS and applied to ELSA without updating.
[image: ]
Figure S2. External performance of the final baseline and cumulative XGBoost models in the complete-case ELSA cohorts. (A, B) Precision–recall curve and decision-curve analysis for the baseline model. (C, D) Corresponding analyses for the cumulative model.
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Figure S3. Boruta feature-relevance assessment in the complete-case CHARLS development cohorts. (A) Baseline CTI-FI model. (B) Cumulative CTI-FI model. Green, yellow, coral and blue-grey boxes denote confirmed, tentative, rejected and shadow features, respectively.
[image: ]
Figure S4. Calibration of the final XGBoost models. (A, B) Baseline model in the CHARLS internal test and ELSA external-validation cohorts. (C, D) Cumulative model in the corresponding cohorts. Dashed lines indicate ideal calibration; solid lines indicate model calibration.
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