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Supplemental file 1
Concise methodology for key measurements 

Study design and participants 
Charls utilizing a multistage stratified probability proportional-to-size sampling approach. Participants in the CHARLS were monitored biennially through in-person interviews facilitated by computer-assisted personal interviewing technology. Four consecutive follow-ups were executed from 2013-2014 (wave 2), 2015-2016 (wave 3), and 2017-2018 (wave 4) for the enduring participants. Ethical approval for all the CHARLS waves was granted from the Institutional Review Board (IRB) at Peking University. The IRB approval number for the main household survey, including anthropometrics, is IRB00001052-11015; the IRB approval number for biomarker collection, was IRB00001052-11014. The details of the CHARLS data are available on the website (http://charls.pku.edu.cn/en).

Data collection and measurements
History of chronic disease was determined based on participants' self-disclosures of diagnoses confirmed by healthcare professionals. BP was measured using standardized protocols (Omron HEM-7200), with triplicate readings averaged. Dominant hand grip strength was measured twice with a calibrated dynamometer (YuejianTM WL-1000). Functional capacity was assessed via chair-rising tests (5 repetitions). Fasting blood samples were collected by China CDC personnel following SOPs (92% fasting compliance). 

Self-reported information
[bookmark: _Hlk171951987]For diabetes or high blood sugar, “Have you been diagnosed with diabetes or high blood sugar by a doctor?”, for heart attack, coronary heart disease, or other heart problems, “Have you been diagnosed with heart attack, coronary heart disease, angina, congestive heart failure, or other heart problems by a doctor?” and for stroke, “Have you been diagnosed with stroke by a doctor?

Supplemental file 2
Sensitivity analysis
[bookmark: _Hlk205472034]Supplemental table 1. Odds ratios and 95% confidence intervals of CMM to METS-IR in sensitivity analysis.
	
	Case (%)
	Age, sex-adjusted
	Model 1
	Model 2
	Model 3
	Model 4

	Baseline METS-IR
	
	
	
	
	
	

	T1 (<30.96)
	63 (2.84)
	1.00
	1.00
	1.00
	1.00
	1.00

	T2 (30.96-37.56)
	95 (5.12)
	2.06 (1.48-2.86)
	2.03 (1.45-2.84)
	1.78 (1.25-2.54)
	1.89 (1.27-2.82)
	1.76 (1.15-2.68)

	T3 (≥37.56)
	46 (8.08)
	3.45 (2.31-5.14)
	3.37 (2.24-5.07)
	2.32 (1.48-3.61)
	2.59 (1.54-4.37)
	2.53 (1.44-4.42)

	p for trend
	
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	Each SD (9.22) increase
	
	2.61 (1.99-2.43)
	2.58 (1.96-3.41)
	1.95 (1.45-2.63)
	2.16 (1.51-3.08)
	2.18 (1.49-3.19)

	Updated mean METS-IR
	
	
	
	
	
	

	T1 (<31.18)
	33 (2.71)
	1.00
	1.00
	1.00
	1.00
	1.00

	T2 (31.18-37.31)
	43 (4.06)
	1.67 (1.04-2.67)
	1.65 (1.02-2.67)
	1.51 (0.91-2.52)
	1.77 (1.01-3.14)
	1.87 (0.99-3.53)

	T3 (37.31)
	28 (6.81)
	2.99 (1.76-5.08)
	3.04 (1.77-5.22)
	2.14 (1.18-3.89)
	2.74 (1.38-5.46)
	3.17 (1.49-6.75)

	p for trend
	
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	Each SD (9.62) increase
	
	2.48 (1.67-3.69)
	2.52 (1.68-3.80)
	1.83 (1.19-2.83)
	2.13 (1.28-3.55)
	2.44 (1.38-4.35)

	High MET-IR exposure duration
	
	
	
	
	
	

	0 year
	50 (2.72)
	1.00
	1.00
	1.00
	1.00
	1.00

	2 years
	29 (6.76)
	2.72 (1.89-4.38)
	2.79 (1.72-4.52)
	2.46 (1.46-4.14)
	2.78 (1.57-4.93)
	2.80 (1.49-5.26)

	4 years
	25 (5.95)
	2.58 (1.56-4.27)
	2.67 (1.60-4.46)
	1.98 (1.14-.344)
	2.46 (1.32-4.58)
	2.93 (1.50-5.71)

	p for trend
	
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001


Optimal cut points for METS-IR at wave 1 (≥34.81) and wave 3 (≥36.87) were obtained from the receiver operating characteristic curves. 
Model 1: adjusted for age, sex, rural region, current smoking, current drinking.
Model 2: adjusted for model 1 + medical history (hypertension, dyslipidemia, diabetes mellitus, chronic kidney disease, malignant tumor, lung disease, liver disease, stomach/digestive disease, arthritis, asthma, psychological problem, memory problem) + medicine history (taking any medicine or treatment for hypertensive, dyslipidemia, diabetes mellitus, cardio-cerebrovascular disease and malignant tumor).
Model 3: adjusted for model 2 + body mass index, waist circumference, systolic blood pressure, low-density lipoproteins cholesterol, blood glucose, estimated glomerular filtration rate, uric acid and high-sensitivity C-reactive protein. 
Model 4: adjusted for model 3 + dominant hand grip strength, chair-rising time, lung function peak flow and balance test summary score.
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Subgroup analysis

[bookmark: _Hlk205468790][bookmark: _Hlk205472228]Supplemental table 2. Subgroup analysis of ORs (95 % CIs) of CMM according to baseline METS-IR and updated mean METS-IR.
	Subgroup
	Baseline METS-IR 
OR (95%CI) 
	Updated mean METS-IR 
OR (95%CI)
	p interaction

	Sex
	
	
	0.45 / 0.22

	  Male
	1.06 (1.04-1.08)
	1.05 (1.01-1.09)
	

	  Female
	1.07 (1.05-1.10)
	1.10 (1.06-1.15)
	

	Age
	
	
	0.89 / 0.21

	  <65
	1.07 (1.05-1.09)
	1.07 (1.04-1.11)
	

	≥65
	1.07 (1.04-1.11)
	1.07 (1.00-1.14)
	

	Current drinking
	
	
	0.35 / 0.75

	  Yes
	1.07 (1.04-1.10)
	1.09 (1.04-1.14)
	

	 No
	1.07 (1.05-1.09)
	1.07 (1.04-1.11)
	

	Current smoking
	
	
	0.08 / 0.25

	  Yes
	1.09 (1.06-1.13)
	1.13 (1.07-1.19)
	

	  No
	1.06 (1.04-1.08)
	1.05 (1.02-1.09)
	

	History of hypertension
	
	
	

	  Yes
	1.06 (1.03-1.08)
	1.05 (1.01-1.10)
	0.02 / 0.13

	  No
	1.08 (1.05-1.10)
	1.09 (1.05-1.14)
	

	History of dyslipidemia
	
	
	0.35 / 0.99

	  Yes
	1.05 (1.01-1.09)
	1.04 (0.97-1.12)
	

	  No
	1.07 (1.05-1.09)
	1.08 (1.05-1.12)
	

	High-sensitivity C-reactive protein
	
	
	0.73 / 0.32

	 <3.0 mg/L
	1.07 (1.05-1.09)
	1.09 (1.05-1.12)
	

	≥3.0 mg/L
	1.05 (1.02-1.09)
	1.03 (0.97-1.10)
	

	Estimated glomerular filtration rate
	
	
	0.86 / 0.59

	  <90 ml/min/1.73 m2
	1.08 (1.04-1.13)
	1.07 (0.98-1.17)
	

	≥90 ml/min/1.73 m2
	1.07 (1.05-1.09)
	1.08 (1.05-1.11)
	


In the multivariate models, confounding factors such age, sex, rural region, current smoking, current drinking, active physical activity, medical history (hypertension, dyslipidemia, chronic kidney disease, malignant tumor, lung disease, liver disease and stomach/digestive disease), medicine history (taking any medicine or treatment for hypertensive, dyslipidemia and malignant tumor), systolic blood pressure, low-density lipoproteins cholesterol, estimated glomerular filtration rate , high-sensitivity C-reactive protein, dominant hand grip strength, chair-rising time, lung function peak flow and balance test summary score were included unless the variable was used as a subgroup variable.


Supplemental table 3. Subgroup analysis of ORs (95 % CIs) of CMM according to high MET-IR exposure duration.
	High MET-IR exposure duration
	0 year
	2 years
	4 years
	p interaction

	Sex
	
	
	
	0.09

	  Male
	1.00
	2.86 (1.30-6.26)
	6.21 (3.04-12.70)
	

	  Female
	1.00
	2.17 (1.16-4.06)
	2.19 (1.17-4.09)
	

	Age
	
	
	
	0.30

	  <65
	1.00
	3.34 (1.83-6.08)
	4.08 (2.29-7.26)
	

	≥65
	1.00
	1.82 (0.71-4.68)
	3.00 (1.17-7.74)
	

	Current drinking
	
	
	
	0.96

	  Yes
	1.00
	2.23 (0.95-5.25)
	3.85 (1.72-8.60)
	

	 No
	1.00
	2.65 (1.46-4.80)
	3.53 (1.98-6.31)
	

	Current smoking
	
	
	
	0.13

	  Yes
	1.00
	2.74 (1.01-7.47)
	8.00 (3.25-19.69)
	

	  No
	1.00
	2.38 (1.35-4.17)
	2.60 (1.49-4.54)
	

	History of hypertension
	
	
	
	0.08

	  Yes
	1.00
	2.12 (1.02-4.39)
	2.50 (1.24-5.03)
	

	  No
	1.00
	2.40 (1.23-4.69)
	4.18 (2.19-7.98)
	

	History of dyslipidemia
	
	
	
	0.92

	  Yes
	1.00
	3.03 (0.64-14.29)
	3.12 (0.75-13.02)
	

	  No
	1.00
	2.39 (1.42-4.03)
	3.61 (2.19-5.96)
	

	High-sensitivity C-reactive protein
	
	
	
	0.37

	  <3.0 mg/L
	1.00
	2.54 (1.48-4.35)
	3.50 (2.06-5.95)
	

	≥3.0 mg/L
	1.00
	2.22 (0.72-6.86)
	2.58 (0.91-7.34)
	

	Estimated glomerular filtration rate
	
	
	
	0.36

	  <90 ml/min/1.73 m2
	1.00
	1.93 (0.52-7.10)
	1.53 (0.38-6.07)
	

	≥90 ml/min/1.73 m2
	1.00
	2.63 (1.55-4.45)
	3.96 (2.39-6.56)
	


In the multivariate models, confounding factors such age, sex, rural region, current smoking, current drinking, active physical activity, medical history (hypertension, dyslipidemia, chronic kidney disease, malignant tumor, lung disease, liver disease and stomach/digestive disease), medicine history (taking any medicine or treatment for hypertensive, dyslipidemia and malignant tumor), systolic blood pressure, low-density lipoproteins cholesterol, estimated glomerular filtration rate, high-sensitivity C-reactive protein, dominant hand grip strength, chair-rising time, lung function peak flow and balance test summary score were included unless the variable was used as a subgroup variable.


