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	Supplementary Table S1. The definition of frailty phenotypes
	
	

	Individual items
	Criteria
	Points
	Field IDs

	Weight loss
	Participants were asked "Compared with one year ago, has your weight changed?".
	
	2306

	
	Response: yes, lost weight.
	1
	

	
	Response: other.
	0
	

	Exhaustion
	Participants were asked "Over the past two weeks, how often have you felt tired or had little energy?".
	
	2080

	
	Response: more than half the days or nearly every day.
	1
	

	
	Response: other.
	0
	

	Low physical activity
	Physical activity levels were classified to: none (no physical activity in the last 4 weeks), low (light DIY activity (e.g., pruning, watering the lawn) only in the past 4 weeks), medium (heavy DIY activity (e.g., weeding, lawn mowing, carpentry and digging), walking for pleasure, or other exercises in the past 4 weeks), and high (strenuous sports in the past 4 weeks).
	
	6164,
1011

	
	None or light activity with a frequency of once per week or less.
	1
	

	
	Medium or heavy activity, or light activity more than once per week.
	0
	

	Slow walking speed
	Participants were asked "How would you describe your usual walking pace?".
	
	924

	
	Response: slow.
	1
	

	
	Response: other.
	0
	

	Low grip strength
	Measured grip strength expressed in kg by sex- and BMI-adjusted cut-off points.
	
	46,
47

	
	Men: If BMI ≤ 24.0 kg/m2 & grip strength ≤ 34 kg, or If BMI 24.1 to 26.0 kg/m2 & grip strength ≤ 34 kg, or If BMI 26.1 to 28.0 kg/m2 & grip strength ≤35 kg, or If BMI > 28.0 kg/m2 & grip strength ≤ 34 kg;  
Women: If BMI ≤ 23.0 kg/m2 & grip strength ≤ 20 kg, or If BMI 23.1 to 26.0 kg/m2 & grip strength ≤ 20 kg, or If BMI 26.1 to 29.0 kg/m2 & grip strength ≤  20 kg, or If BMI > 29.0 kg/m2 & grip strength ≤ 20 kg.
	1
	

	
	Other.
	0
	

	Note. Frailty phenotype was previously constructed by Fried et al.[1] and validated in UK Biobank by Hanlon et al.[2]. BMI, body mass index.





	Supplementary Table S2. The definition of metabolic status
	

	Metabolic disorders
	Details
	Field IDs

	Central obesity
	[bookmark: _Hlk198491045][bookmark: _Hlk198490986]Waist circumstance ≥ 102 cm for men or ≥ 88 cm for women; for Asians, waist circumstance ≥ 90 cm for men or ≥ 80 cm for women.
	31, 48, 21000

	Hypertension
	Systolic blood pressure ≥ 130 mmHg, or diastolic blood pressure ≥ 85 mmHg, or self-reported hypertension, or use of antihypertensive drugs.
	93, 94, 4080, 4079, 20003, 6153, 6177, 131286, 131294

	Hyperglycemia
	Fasting blood glucose ≥ 5.6 mmol/L, or glycated hemoglobin ≥ 39 mmol/mol, or self-reported type 2 diabetes, or use of antidiabetic drugs.
	74, 30750, 30740, 20003, 6153, 6177, 130708

	Dyslipidemia
	[bookmark: _Hlk198741353]Triglyceride ≥ 150 mg/dL, or HDL-C < 40 mg/dL for men, or HDL-C < 50 mg/dL for women, or use of lipid-lowering drugs.
	30870, 30760, 20003


[bookmark: _Hlk198742432]Note. The criteria for metabolic status in this study were based on the 2009 consensus definition of metabolic syndrome [3]. Five metabolic components including central obesity, hypertension, hyperglycemia, low HDL-C levels, and elevated triglycerides were assessed. The diagnostic criteria for each component were primarily kept consistent with previous studies [4]. But we combined "low HDL-C" and "elevated triglycerides" into a single "dyslipidemia" component to preserve the maximum sample size, while considering that both parameters are lipid indicators. Sensitivity analyses were further conducted using the original five criteria of metabolic syndrome. HDL-C, high-density lipoprotein cholesterol. 


	Supplementary Table S3. Definition of each component of the healthy diet score
	

	
	Goal (1 point)
	One serving equals to
	Field IDs

	Fruits
	≥ 3 servings/day
	1 piece of fresh fruit
	1309, 1319

	
	
	5 pieces of dried fruit
	

	Vegetables (excluding potatoes)
	≥ 3 servings/day
	3 heaped tablespoons
	1289, 1299

	Whole grains
	≥ 3 servings/day
	1 slice of whole-grain bread
	1438, 1448, 1458, 1468

	
	
	1 cup of whole-grain cereal
	

	Vegetable oils
	≥ 2 servings/day
	Vegetable oil-based spread in combination with eating at least 2 slices of bread
	1428, 2654, 1438

	(Shell) Fish
	≥ 2 servings/week
	Once/week
	1329, 1339

	Dairy*
	≥ 2 servings/day
	1 cup/day if consumption any type of milk
	1408, 1418

	
	
	1 piece of cheese
	

	Refined grains
	≤ 2 servings/day
	1 slice of bread or 1 bowl of cereal
	1438, 1448, 1458, 1468

	Unprocessed meats
	≤ 2 servings/week
	Once/week (including poultry, beef, lamb, and pork)
	1359, 1369, 1379, 1389

	Processed meats
	≤ 1 servings/week
	Once/week
	1349

	Sugar-sweetened beverages
	Don’t drink
	Only 0 serving was possible here
	6144

	Note. The dietary score was previously constructed by Mozaffarian et al.[5] and validated in UK Biobank by Said et al.[6]. Field IDs and serving sizes used per diet component in UK Biobank with available data from the general baseline questionnaire. If participants achieved the intake goal they were considered to have an adequate intake of the diet component. A healthy diet was defined as meeting at least half of the dietary recommendation (at least 5 items). *The consumption of milk is incomplete in the UK Biobank, so the dairy intake assessment only by pieces of cheese.





	Supplementary Table S4. Ascertainment of primary outcomes

	Outcomes
	ICD-10 code
	Description
	Field IDs

	All-cause mortality
	-
	-
	40023

	CVD mortality
	I00–I99
	-
	40001

	Incident CVD
	I20
	Angina pectoris
	131296, 41270

	
	I21
	Acute myocardial infarction
	131298, 41270

	
	I22
	Subsequent myocardial infarction
	131300, 41270

	
	I23
	Certain current complications following acute myocardial infarction
	131302, 41270

	
	I24
	Other acute ischaemic heart diseases
	131304, 41270

	
	I25
	Chronic ischaemic heart disease
	131306, 41270

	
	I60
	Subarachnoid haemorrhage
	131360, 41270

	
	I61
	Intracerebral haemorrhage
	131362, 41270

	
	I63
	Cerebral infarction
	131366, 41270

	
	I64
	Stroke, not specified as haemorrhage or infarction
	131368, 41270


Note. CVD, cardiovascular disease.


	Supplementary Table S5. HRs (95% CIs) for mortality and incident CVD associated with individual metabolic factors

	Metabolic factors
	HR (95% CI)

	
	All-cause mortality
	CVD mortality
	Incident CVD

	Central obesity
	
	
	

	No
	1.00
	1.00
	1.00

	Yes
	1.14 (1.11–1.16)
	1.27 (1.21–1.33)
	1.17 (1.15–1.20)

	Hyperglycemia
	
	
	

	No
	1.00
	1.00
	1.00

	Yes
	1.30 (1.27–1.34)
	1.55 (1.47–1.63)
	1.22 (1.19–1.25)

	Hypertension
	
	
	

	No
	1.00
	1.00
	1.00

	Yes
	1.19 (1.15–1.23)
	1.90 (1.74–2.06)
	1.58 (1.53–1.63)

	Dyslipidemia
	
	
	

	No
	1.00
	1.00
	1.00

	Yes
	1.08 (1.05–1.11)
	1.29 (1.22–1.36)
	1.27 (1.24–1.30)

	Metabolic score (per score increment)
	1.17 (1.16–1.18)
	1.42 (1.39–1.45)
	1.27 (1.26–1.28)

	Note. Models were adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, assessment center, frailty status, and the other three metabolic factors. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD (n = 423,312). HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.





	Supplementary Table S6. Associations of individual frailty components with mortality and incident CVD and mediation proportion attributed to metabolic status

	Frailty components
	All-cause mortality
	CVD mortality
	Incident CVD

	Weight loss
	
	
	

	HR (95% CI) of model 1
	1.20 (1.16–1.23)
	1.24 (1.17–1.32)
	1.15 (1.12–1.18)

	HR (95% CI) of model 2
	1.19 (1.16–1.23)
	1.22 (1.15–1.30)
	1.14 (1.11–1.17)

	Mediation proportion (%, 95% CI)
	3.1 (2.1–4.4)
	6.5 (4.2–10.1)
	8.2 (6.0–11.0)

	Exhaustion
	
	
	

	HR (95% CI) of model 1
	1.20 (1.17–1.25)
	1.16 (1.08–1.24)
	1.29 (1.25–1.33)

	HR (95% CI) of model 2
	1.19 (1.15–1.22)
	1.11 (1.04–1.19)
	1.25 (1.22–1.29)

	Mediation proportion (%, 95% CI)
	8.8 (7.0–11.0)
	26.0 (15.7–39.8)
	11.1 (9.4–13.1)

	Low physical activity
	
	
	

	HR (95% CI) of model 1
	1.27 (1.23–1.32)
	1.34 (1.25–1.43)
	1.16 (1.12–1.20)

	HR (95% CI) of model 2
	1.24 (1.20–1.28)
	1.27 (1.18–1.35)
	1.11 (1.07–1.15)

	Mediation proportion (%, 95% CI)
	10.8 (9.0–12.9)
	19.1 (14.8–24.3)
	32.6 (25.3–40.9)

	Slow walking speed
	
	
	

	HR (95% CI) of model 1
	1.85 (1.79–1.91)
	2.25 (2.11–2.39)
	1.58 (1.53–1.63)

	HR (95% CI) of model 2
	1.72 (1.67–1.78)
	1.92 (1.81–2.05)
	1.42 (1.37–1.47)

	Mediation proportion (%, 95% CI)
	11.1 (10.1–12.3)
	19.3 (17.4–21.3)
	23.4 (21.4–25.5)

	Low grip strength
	
	
	

	HR (95% CI) of model 1
	1.21 (1.18–1.24)
	1.29 (1.23–1.36)
	1.13 (1.11–1.16)

	HR (95% CI) of model 2
	1.21 (1.18–1.24)
	1.29 (1.23–1.36)
	1.14 (1.11–1.16)

	Mediation proportion (%, 95% CI)
	-
	-
	-

	Note. The HR (95% CI) was used to estimate the associations between individual frailty components and health outcomes. Model 1 was adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, assessment center, and the other four frailty components. Model 2 was additionally adjusted for metabolic status. The proportion of the low grip strength effect on health outcomes mediated through metabolic status was too small (< 1%) to quantify reliably. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD (n = 423,312). HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.





	Supplementary Table S7. Associations of frailty with mortality and incident CVD and mediation proportion attributed to individual metabolic factors

	Mediating factors
	All-cause mortality
	CVD mortality
	Incident CVD

	Central obesity
	
	
	

	HR (95% CI) of model 1
	1.34 (1.32–1.35)
	1.44 (1.41–1.47)
	1.24 (1.23–1.26)

	HR (95% CI) of model 2
	1.32 (1.30–1.33)
	1.40 (1.37–1.44)
	1.22 (1.21–1.23)

	Mediation proportion (%, 95% CI)
	4.4 (3.9–5.0)
	7.1 (6.2–8.2)
	8.5 (7.7–9.4)

	Hyperglycemia
	
	
	

	HR (95% CI) of model 1
	1.34 (1.32–1.35)
	1.44 (1.41–1.47)
	1.24 (1.23–1.26)

	HR (95% CI) of model 2
	1.32 (1.30–1.33)
	1.40 (1.37–1.43)
	1.23 (1.22–1.24)

	Mediation proportion (%, 95% CI)
	4.9 (4.4–5.4)
	7.6 (6.7–8.5)
	5.1 (4.6–5.8)

	Hypertension
	
	
	

	HR (95% CI) of model 1
	1.34 (1.32–1.35)
	1.44 (1.41–1.47)
	1.24 (1.23–1.26)

	HR (95% CI) of model 2
	1.33 (1.32–1.35)
	1.43 (1.40–1.46)
	1.24 (1.23–1.25)

	Mediation proportion (%, 95% CI)
	-
	1.9 (1.6–2.3)
	1.5 (1.2–1.9)

	Dyslipidemia
	
	
	

	HR (95% CI) of model 1
	1.34 (1.32–1.35)
	1.44 (1.41–1.47)
	1.24 (1.23–1.26)

	HR (95% CI) of model 2
	1.33 (1.31–1.34)
	1.42 (1.39–1.45)
	1.23 (1.22–1.24)

	Mediation proportion (%, 95% CI)
	2.2 (1.9–2.6)
	4.4 (3.8–5.0)
	5.5 (5.0–6.1)

	[bookmark: _Hlk198076547]Note. HR (95% CI) estimated the associations between frailty phenotype score (continuous) and health outcomes. Model 1 was adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, and assessment center. Model 2 was additionally adjusted for the corresponding metabolic factor. The proportion of the frailty effect on all-cause mortality mediated through hypertension was too small (< 1%) to quantify reliably. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD (n = 423,312). HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.





	Supplementary Table S8. Associations of frailty with mortality and incident CVD stratified by metabolic status

	Outcomes
	No. of metabolic disorders
	Frailty states
	n (events)
	HR (95% CI)
	P value

	All-cause mortality
	0~1
	Non-frailty
	3,986
	1.00
	-

	All-cause mortality
	0~1
	Pre-frailty
	3,894
	1.30 (1.24–1.36)
	< 0.001

	All-cause mortality
	0~1
	Frailty
	528
	2.87 (2.61–3.15)
	< 0.001

	All-cause mortality
	2
	Non-frailty
	3,985
	1.00
	-

	All-cause mortality
	2
	Pre-frailty
	4,534
	1.31 (1.26–1.37)
	< 0.001

	All-cause mortality
	2
	Frailty
	768
	2.50 (2.30–2.71)
	< 0.001

	All-cause mortality
	3~4
	Non-frailty
	4,162
	1.00
	-

	All-cause mortality
	3~4
	Pre-frailty
	7,065
	1.38 (1.32–1.43)
	< 0.001

	All-cause mortality
	3~4
	Frailty
	1,985
	2.37 (2.24–2.51)
	< 0.001

	CVD mortality
	0~1
	Non-frailty
	651
	1.00
	-

	CVD mortality
	0~1
	Pre-frailty
	660
	1.36 (1.22–1.52)
	< 0.001

	CVD mortality
	0~1
	Frailty
	95
	3.08 (2.45–3.85)
	< 0.001

	CVD mortality
	2
	Non-frailty
	908
	1.00
	-

	CVD mortality
	2
	Pre-frailty
	1,114
	1.46 (1.34–1.60)
	< 0.001

	CVD mortality
	2
	Frailty
	160
	2.37 (1.99–2.83)
	< 0.001

	CVD mortality
	3~4
	Non-frailty
	1,132
	1.00
	-

	CVD mortality
	3~4
	Pre-frailty
	2,104
	1.53 (1.42–1.65)
	< 0.001

	CVD mortality
	3~4
	Frailty
	643
	2.90 (2.62–3.21)
	< 0.001

	Incident CVD
	0~1
	Non-frailty
	651
	1.00
	-

	Incident CVD
	0~1
	Pre-frailty
	660
	1.17 (1.12–1.22)
	< 0.001

	Incident CVD
	0~1
	Frailty
	95
	1.94 (1.75–2.15)
	< 0.001

	Incident CVD
	2
	Non-frailty
	908
	1.00
	-

	Incident CVD
	2
	Pre-frailty
	1,114
	1.21 (1.17–1.26)
	< 0.001

	Incident CVD
	2
	Frailty
	160
	1.85 (1.69–2.01)
	< 0.001

	Incident CVD
	3~4
	Non-frailty
	1,132
	1.00
	-

	Incident CVD
	3~4
	Pre-frailty
	2,104
	1.29 (1.25–1.34)
	< 0.001

	Incident CVD
	3~4
	Frailty
	643
	1.89 (1.78–2.01)
	< 0.001

	Note. All models were adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, and assessment center. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD (n = 423,312). HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.





	Supplementary Table S9. Joint associations of frailty and metabolic status with mortality and incident CVD

	Outcomes
	No. of metabolic disorders
	Frailty states
	n (events)
	HR (95% CI)
	P value

	All-cause mortality
	0~1
	Non-frailty
	3,986
	1.00
	-

	All-cause mortality
	0~1
	Pre-frailty
	3,894
	1.32 (1.26–1.38)
	< 0.001

	All-cause mortality
	0~1
	Frailty
	528
	2.98 (2.71–3.26)
	< 0.001

	All-cause mortality
	2
	Non-frailty
	3,985
	1.15 (1.10–1.20)
	< 0.001

	All-cause mortality
	2
	Pre-frailty
	4,534
	1.52 (1.45–1.58)
	< 0.001

	All-cause mortality
	2
	Frailty
	768
	2.91 (2.69–3.14)
	< 0.001

	All-cause mortality
	3~4
	Non-frailty
	4,162
	1.43 (1.37–1.50)
	< 0.001

	All-cause mortality
	3~4
	Pre-frailty
	7,065
	1.96 (1.88–2.04)
	< 0.001

	All-cause mortality
	3~4
	Frailty
	1,985
	3.34 (3.15–3.53)
	< 0.001

	CVD mortality
	0~1
	Non-frailty
	651
	1.00
	-

	CVD mortality
	0~1
	Pre-frailty
	660
	1.40 (1.26–1.56)
	< 0.001

	CVD mortality
	0~1
	Frailty
	95
	3.36 (2.70–4.17)
	< 0.001

	CVD mortality
	2
	Non-frailty
	908
	1.50 (1.35–1.66)
	< 0.001

	CVD mortality
	2
	Pre-frailty
	1,114
	2.19 (1.98–2.41)
	< 0.001

	CVD mortality
	2
	Frailty
	160
	3.57 (3.00–4.26)
	< 0.001

	CVD mortality
	3~4
	Non-frailty
	1,132
	2.22 (2.01–2.45)
	< 0.001

	CVD mortality
	3~4
	Pre-frailty
	2,104
	3.37 (3.08–3.69)
	< 0.001

	CVD mortality
	3~4
	Frailty
	643
	6.32 (5.64–7.09)
	< 0.001

	Incident CVD
	0~1
	Non-frailty
	5,603
	1.00
	-

	Incident CVD
	0~1
	Pre-frailty
	4,642
	1.18 (1.14–1.23)
	< 0.001

	Incident CVD
	0~1
	Frailty
	400
	1.97 (1.78–2.18)
	< 0.001

	Incident CVD
	2
	Non-frailty
	5,840
	1.40 (1.35–1.46)
	< 0.001

	Incident CVD
	2
	Pre-frailty
	5,580
	1.69 (1.63–1.75)
	< 0.001

	Incident CVD
	2
	Frailty
	594
	2.55 (2.34–2.77)
	< 0.001

	Incident CVD
	3~4
	Non-frailty
	5,366
	1.72 (1.66–1.79)
	< 0.001

	Incident CVD
	3~4
	Pre-frailty
	7,665
	2.23 (2.15–2.31)
	< 0.001

	Incident CVD
	3~4
	Frailty
	1,425
	3.30 (3.11–3.51)
	< 0.001

	Note. All models were adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, and assessment center. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD (n = 423,312). HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.





	Supplementary Table S10. Associations of frailty with mortality and incident CVD and mediation proportion of frailty in health attributed to metabolic status: subgroup analyses

	Subgroups
	All-cause mortality
	CVD mortality
	Incident CVD

	Age
	
	
	

	Less than 60 years
	
	
	

	HR (95% CI) of model 1
	1.38 (1.36–1.41)
	1.52 (1.46–1.58)
	1.27 (1.25–1.29)

	HR (95% CI) of model 2
	1.32 (1.29–1.35)
	1.40 (1.34–1.45)
	1.20 (1.18–1.22)

	Mediation proportion (%, 95% CI)
	14.7 (13.3–16.2)
	20.4 (17.9–23.2)
	23.8 (21.8–26.0)

	60 years or older
	
	
	

	HR (95% CI) of model 1
	1.34 (1.32–1.36)
	1.43 (1.40–1.47)
	1.25 (1.23–1.27)

	HR (95% CI) of model 2
	1.31 (1.29–1.33)
	1.36 (1.32–1.40)
	1.21 (1.20–1.23)

	Mediation proportion (%, 95% CI)
	8.1 (7.3–9.1)
	14.6 (12.9–16.4)
	12.3 (11.1–13.8)

	Sex
	
	
	

	Females
	
	
	

	HR (95% CI) of model 1
	1.32 (1.30–1.34)
	1.42 (1.37–1.47)
	1.28 (1.26–1.30)

	HR (95% CI) of model 2
	1.29 (1.27–1.31)
	1.34 (1.29–1.40)
	1.23 (1.21–1.25)

	Mediation proportion (%, 95% CI)
	8.8 (7.7–10.0)
	15.7 (13.3–18.3)
	16.0 (14.5–17.6)

	Males
	
	
	

	HR (95% CI) of model 1
	1.35 (1.33–1.37)
	1.45 (1.41–1.49)
	1.22 (1.20–1.23)

	HR (95% CI) of model 2
	1.31 (1.29–1.33)
	1.37 (1.34–1.41)
	1.18 (1.16–1.20)

	Mediation proportion (%, 95% CI)
	8.5 (7.5–9.5)
	19.4 (13.2–16.7)
	15.7 (14.0–17.5)

	Note. Only the results of frailty phenotype score (continuous variable) were reported. Model 1 was adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, assessment center, and other four frailty factors. Model 2 was additionally adjusted for metabolic status. When analyzing in subgroups stratified by age and sex, the corresponding stratified factor was not adjusted. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD (n = 423,312). HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.





	Supplementary Table S11. Joint associations of frailty and metabolic status with mortality and incident CVD: subgroup analyses

	Subgroups
	HR (95% CI)

	
	All-cause mortality
	CVD mortality
	Incident CVD

	Age
	
	
	

	Less than 60 years
	
	
	

	0–1 metabolic disorder and non-frail
	1.00
	1.00
	1.00

	0–1 metabolic disorder and pre-frail
	1.32 (1.23–1.42)
	1.48 (1.24–1.78)
	1.22 (1.15–1.29)

	0–1 metabolic disorder and frail
	2.72 (2.35–3.15)
	3.82 (2.74–5.33)
	1.95 (1.68–2.25)

	2 metabolic disorders and non-frail
	1.35 (1.26–1.45)
	1.99 (1.68–2.36)
	1.72 (1.63–1.82)

	2 metabolic disorders and pre-frail
	1.87 (1.74–2.00)
	2.94 (2.49–3.48)
	2.05 (1.94–2.17)

	2 metabolic disorders and frail
	3.78 (3.33–4.30)
	4.76 (3.52–6.45)
	3.00 (2.65–3.41)

	3–4 metabolic disorders and non-frail
	1.92 (1.78–2.06)
	3.18 (2.68–3.77)
	2.26 (2.13–2.39)

	3–4 metabolic disorders and pre-frail
	2.61 (2.44–2.79)
	5.43 (4.66–6.33)
	3.05 (2.89–3.21)

	3–4 metabolic disorders and frail
	4.59 (4.16–5.05)
	9.51 (7.78–11.61)
	4.26 (3.89–4.67)

	60 years or older
	
	
	

	0–1 metabolic disorder and non-frail
	1.00
	1.00
	1.00

	0–1 metabolic disorder and pre-frail
	1.36 (1.29–1.45)
	1.39 (1.21–1.59)
	1.16 (1.10–1.23)

	0–1 metabolic disorder and frail
	3.40 (3.02–3.82)
	3.22 (2.42–4.30)
	2.07 (1.80–2.39)

	2 metabolic disorders and non-frail
	1.15 (1.09–1.22)
	1.38 (1.22–1.56)
	1.24 (1.18–1.30)

	2 metabolic disorders and pre-frail
	1.53 (1.44–1.61)
	2.07 (1.84–2.34)
	1.54 (1.46–1.62)

	2 metabolic disorders and frail
	2.82 (2.56–3.12)
	3.40 (2.74–4.22)
	2.37 (2.11–2.66)

	3–4 metabolic disorders and non-frail
	1.41 (1.34–1.49)
	2.07 (1.84–2.34)
	1.52 (1.44–1.60)

	3–4 metabolic disorders and pre-frail
	1.99 (1.90–2.10)
	3.13 (2.80–3.50)
	1.97 (1.87–2.06)

	3–4 metabolic disorders and frail
	3.39 (3.16–3.63)
	6.07 (5.28–6.98)
	3.05 (2.82–3.31)

	P-interaction
	<0.001
	<0.001
	<0.001

	Sex
	
	
	

	Females
	
	
	

	0–1 metabolic disorder and non-frail
	1.00
	1.00
	1.00

	0–1 metabolic disorder and pre-frail
	1.29 (1.21–1.37)
	1.47 (1.23–1.75)
	1.19 (1.12–1.26)

	0–1 metabolic disorder and frail
	2.76 (2.43–3.13)
	2.78 (1.95–3.97)
	2.09 (1.83–2.40)

	2 metabolic disorders and non-frail
	1.20 (1.12–1.28)
	1.59 (1.32–1.92)
	1.40 (1.31–1.49)

	2 metabolic disorders and pre-frail
	1.53 (1.43–1.63)
	2.14 (1.80–2.54)
	1.81 (1.70–1.92)

	2 metabolic disorders and frail
	2.92 (2.60–3.28)
	3.49 (2.60–4.70)
	2.75 (2.44–3.11)

	3–4 metabolic disorders and non-frail
	1.48 (1.38–1.58)
	2.32 (1.95–2.77)
	1.83 (1.72–1.95)

	3–4 metabolic disorders and pre-frail
	1.92 (1.80–2.04)
	3.32 (2.83–3.89)
	2.44 (2.30–2.58)

	3–4 metabolic disorders and frail
	3.39 (3.11–3.69)
	6.51 (5.36–7.90)
	3.70 (3.40–4.03)

	Males
	
	
	

	0–1 metabolic disorder and non-frail
	1.00
	1.00
	1.00

	0–1 metabolic disorder and pre-frail
	1.35 (1.27–1.44)
	1.36 (1.18–1.56)
	1.19 (1.13–1.25)

	0–1 metabolic disorder and frail
	3.28 (2.87–3.75)
	3.83 (2.91–5.04)
	1.87 (1.60–2.18)

	2 metabolic disorders and non-frail
	1.14 (1.08–1.21)
	1.45 (1.28–1.64)
	1.37 (1.31–1.44)

	2 metabolic disorders and pre-frail
	1.52 (1.44–1.61)
	2.19 (1.94–2.46)
	1.60 (1.52–1.68)

	2 metabolic disorders and frail
	2.91 (2.61–3.24)
	3.60 (2.89–4.48)
	2.37 (2.10–2.68)

	3–4 metabolic disorders and non-frail
	1.42 (1.34–1.51)
	2.15 (1.91–2.42)
	1.64 (1.56–1.72)

	3–4 metabolic disorders and pre-frail
	2.00 (1.89–2.11)
	3.35 (3.00–3.75)
	2.08 (1.98–2.17)

	3–4 metabolic disorders and frail
	3.33 (3.09–3.59)
	6.16 (5.34–7.09)
	2.95 (2.70–3.21)

	P-interaction
	0.108
	0.429
	<0.001

	[bookmark: _Hlk197900167]Note. Metabolic status and frailty were both treated as three-category variables, and the nine combinations of these two variables were included in the Cox proportional hazards model to calculate their joint effects. P-interaction indicated the difference of HR comparing those with frail and 3–4 metabolic disorders versus those with non-frail and 0–1 metabolic disorder between two subgroups was statistically significant or not. Models were adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, and assessment center. When analyzing in subgroups stratified by age and sex, the corresponding stratified factor was not adjusted. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD (n = 423,312). HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.





	[bookmark: _Hlk198497462]Supplementary Table S12. Associations of frailty with mortality and incident CVD and mediation proportion of frailty in health outcomes attributed to metabolic status: sensitivity analysis

	Analyses
	All-cause mortality
	CVD mortality
	Incident CVD

	Sensitivity Analysis 1
	
	
	

	Events
	31,923
	7,750
	38,136

	Observations
	466,153
	466,153
	431,926

	HR (95% CI) of model 1
	1.34 (1.32–1.35)
	1.44 (1.41–1.48)
	1.44 (1.41–1.48)

	HR (95% CI) of model 2
	1.30 (1.29–1.32)
	1.37 (1.34–1.40)
	1.37 (1.34–1.40)

	Mediation proportion (%, 95% CI)
	8.6 (7.9–9.3)
	15.3 (14.0–16.8)
	15.3 (14.0–16.8)

	Sensitivity Analysis 2
	
	
	

	Events
	26,689
	6,498
	32,262

	Observations
	394,561
	394,561
	365,975

	HR (95% CI) of model 1
	1.33 (1.32–1.35)
	1.44 (1.41–1.48)
	1.24 (1.23–1.26)

	HR (95% CI) of model 2
	1.30 (1.28–1.31)
	1.36 (1.33–1.39)
	1.20 (1.18–1.21)

	Mediation proportion (%, 95% CI)
	9.1 (8.3–10.0)
	15.8 (14.3–17.5)
	17.1 (15.8–18.5)

	Note. In Sensitivity Analysis 1, we retained the population with missing covariate information and included them in the analysis after imputing the covariates. In Sensitivity Analysis 2, we replaced the metabolic status (0–4 points) with metabolic syndrome (0–5 points) as the method for assessing metabolism. Only the results of frailty phenotype score (continuous variable) were reported. Model 1 was adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, and assessment center. Model 2 was additionally adjusted for metabolic status. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD. HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.





[bookmark: _Hlk198497522]Supplementary Table S13. Interactions of frailty and metabolic status with mortality and incident CVD: sensitivity analysis
	Analyses
	All-cause mortality
	CVD mortality
	Incident CVD

	Sensitivity Analysis 1
	
	
	

	Multiplicative interaction
	
	
	

	HR (95% CI) for product term
	0.94 (0.92–0.97)
	0.97 (0.91–1.02)
	1.00 (0.97–1.03)

	P-interaction
	< 0.001
	0.223
	0.855

	Additive interaction
	
	
	

	RERI
	-0.04 (-0.34–0.25)
	1.89 (1.03–2.75)
	0.66 (0.40–0.92)

	AP
	-0.01 (-0.10–0.08)
	0.29 (0.17–0.41)
	0.20 (0.13–0.27)

	S
	0.98 (0.87–1.11)
	1.52 (1.23–1.88)
	1.39 (1.21–1.59)

	Sensitivity Analysis 2
	
	
	

	Multiplicative interaction
	
	
	

	HR (95% CI) for product term
	0.93 (0.90–0.96)
	0.95 (0.89–1.01)
	0.99 (0.96–1.03)

	P-interaction
	<0.001
	0.092
	0.643

	Additive interaction
	
	
	

	RERI
	-0.21 (-0.55–0.13)
	1.42 (0.43–2.42)
	0.59 (0.30–0.88)

	AP
	-0.07 (-0.17–0.04)
	0.23 (0.08–0.38)
	0.18 (0.10–0.26)

	S
	0.92 (0.80–1.05)
	1.38 (1.08–1.76)
	1.35 (1.15–1.58)


Note. In Sensitivity Analysis 1, we retained the population with missing covariate information and included them in the analysis after imputing the covariates. The product term of frailty (non-frail vs. frail) and metabolic status (0−1 points vs. 3−4 points) was added to the model to quantify multiplicative and additive interactions. In Sensitivity Analysis 2, we replaced the metabolic status (0–4 points) with metabolic syndrome (0–5 points) as the method for assessing metabolism. The product term of frailty (non-frail vs. frail) and metabolic syndrome (0−1 points vs. 3−5 points) was added to the model to quantify multiplicative and additive interactions. Multiplicative interaction was evaluated using the P-interaction or the HR (95% CI) for the product term. Additive interaction was assessed using three indices including RERI, AP, and S. CVD, cardiovascular disease; HR, hazard ratio; CI, confidence interval; RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.


	[bookmark: _Hlk198497541]Supplementary Table S14. Joint associations of frailty and metabolic status with mortality and incident CVD: sensitivity analysis

	Groups
	HR (95% CI)

	
	All-cause mortality
	CVD mortality
	Incident CVD

	Sensitivity Analysis 1
	
	
	

	0~1 metabolic disorder and non-frail
	1.00
	1.00
	1.00

	0~1 metabolic disorder and pre-frail
	1.31 (1.26–1.37)
	1.38 (1.24–1.54)
	1.19 (1.15–1.24)

	0~1 metabolic disorder and frail
	2.94 (2.69–3.21)
	3.27 (2.64–4.04)
	1.96 (1.78–2.17)

	2 metabolic disorders and non-frail
	1.15 (1.10–1.20)
	1.47 (1.33–1.63)
	1.41 (1.36–1.46)

	2 metabolic disorders and pre-frail
	1.51 (1.45–1.58)
	2.18 (1.98–2.40)
	1.70 (1.63–1.76)

	2 metabolic disorders and frail
	2.92 (2.71–3.15)
	3.59 (3.03–4.26)
	2.54 (2.34–2.77)

	3~4 metabolic disorders and non-frail
	1.43 (1.37–1.50)
	2.21 (2.00–2.43)
	1.73 (1.66–1.79)

	3~4 metabolic disorders and pre-frail
	1.96 (1.88–2.04)
	3.37 (3.08–3.69)
	2.23 (2.16–2.32)

	3~4 metabolic disorders and frail
	3.33 (3.16–3.52)
	6.30 (5.63–7.04)
	3.36 (3.17–3.57)

	Sensitivity Analysis 2
	
	
	

	0~1 metabolic disorder and non-frail
	1.00
	1.00
	1.00

	0~1 metabolic disorder and pre-frail
	1.32 (1.26–1.39)
	1.35 (1.20–1.52)
	1.17 (1.12–1.22)

	0~1 metabolic disorder and frail
	3.02 (2.73–3.36)
	3.53 (2.77–4.50)
	1.95 (1.74–2.20)

	2 metabolic disorders and non-frail
	1.14 (1.08–1.20)
	1.47 (1.31–1.65)
	1.38 (1.32–1.43)

	2 metabolic disorders and pre-frail
	1.51 (1.44–1.58)
	2.13 (1.91–2.38)
	1.66 (1.59–1.73)

	2 metabolic disorders and frail
	3.11 (2.84–3.40)
	3.58 (2.91–4.41)
	2.53 (2.28–2.80)

	3~5 metabolic disorders and non-frail
	1.42 (1.35–1.48)
	2.11 (1.90–2.34)
	1.71 (1.64–1.78)

	3~5 metabolic disorders and pre-frail
	1.92 (1.84–2.00)
	3.26 (2.96–3.60)
	2.20 (2.12–2.28)

	3~5 metabolic disorders and frail
	3.23 (3.04–3.43)
	6.01 (5.31–6.80)
	3.25 (3.05–3.46)

	Note. In Sensitivity Analysis 1, we retained the population with missing covariate information and included them in the analysis after imputing the covariates. Metabolic status and frailty were both treated as three-category variables, the nine combinations of these two variables were included in the Cox proportional hazards model to calculate their joint effect. In Sensitivity Analysis 2, we replaced the metabolic status with metabolic syndrome as the method for assessing metabolism. Metabolic syndrome and frailty were both treated as three-category variables, the nine combinations of these two variables were included in the Cox proportional hazards model to calculate their joint effect. Models were adjusted for age, sex, ethnicity, educational attainment, Townsend deprivation index, smoking status, drinking frequency, diet, sleep duration, and assessment center. Only those free from CVD at baseline and the first 2 years of follow-up were included in the analysis for incident CVD. HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.
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