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Identification of first incident depression or anxiety was obtained from the “first occurrence” UKB category 1712, which includes diagnoses recorded before and after the initial assessment visit. These data were generated by mapping the clinical codes from primary care, hospital inpatient admissions, death record, and self-reported medical conditions to the 3-character International Classification of Disease (ICD-10) code (F32-F33 for depression and F40-F43 for anxiety). 
For each participant, the data field provides the earliest date at which depression or anxiety diagnosis was identified in any of the sources. The self-reported medical conditions were obtained during the initial assessment visit where participants were asked by a trained nurse whether they had ever been told by a doctor that they had an illness or disability. If a participant had both an ICD10 code identified in the registers (i.e., data from either the death register, hospital inpatient admissions, or primary care) and a self-reported medical condition, the date corresponding to the earliest date was used. 
Further information on how the “first occurrence” data were derived could be found on the UK Biobank website (https://biobank.ndph.ox.ac.uk/showcase).
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	Variables
	Definition
	Assessment
	UK Biobank Data-Field ID

	Age (years)
	Age in years.
	Interval between the date of baseline assessment and the date of birth recorded by NHS.
	21003

	Sex  
	Men, Women.
	NHS derived and/or touchscreen questionnaire.
	31

	Ethnicity
	White, Others
	Touchscreen questionnaire.
	21000

	Townsend deprivation index
	Townsend deprivation index calculated immediately prior to participant joining UK Biobank.
	Townsend Deprivation Index is a composite score of four aspects (unemployment, non-car ownership, non-home ownership, and household overcrowding), which was obtained from the residents’ postcodes using census information. 
	189

	Education
	Degree or above 
(college or university 
degree, other 
professional 
qualifications), Any other qualification, Unknown.
	Touchscreen questionnaire: “Which of the following qualifications do you have?”
	6138

	Smoking status
	Never, Previous, Current.
	Touchscreen questionnaire: “Do you smoke tobacco now?” and “In the past, how often have you smoked tobacco?”
	20116

	Alcohol consumption status
	Never, Previous, Current.
	Touchscreen questionnaire: “Did you previously drink alcohol?” and “About how often do you drink alcohol?”
	20117

	Physical activity
	Attending moderate or vigorous physical 
activity 10+ minutes 
at least twice per 
week, Less than twice 
per week.
	Touchscreen questionnaire: “In a typical WEEK, on how many days did you do 10 minutes or more of moderate physical activities like carrying light loads, cycling at normal pace? (Do not include walking).
In a typical WEEK, how many days did you do 10 minutes or more of vigorous physical activity? (These are activities that make you sweat or breathe hard such as fast cycling, aerobics, heavy lifting)”
	884, 904

	Living alone
	Yes, No.
	Touchscreen question: “Including yourself, how many people are living together in your household?”
	709

	Leisure or social activity participation
	Yes, No.
	Touchscreen questionnaire: “Which of the following do you attend once a week or more often?”
	6160

	Social contact frequency
	At least once a month, Less than once a month.
	Touchscreen questionnaire: “How often do you visit friends or family or have them visit you?”
	1031

	Loneliness, isolation
	Yes, No.
	Touchscreen questionnaire: “Do you often feel lonely?”
	2020

	Being able to confide
	At least once a month, Less than once a month.
	Touchscreen questionnaire: “How often are you able to confide in someone close to you?”
	2110

	Body mass index
	Body Mass Index. 
Units of measurement 
are Kg/m2.
	BMI value here is constructed from height and 
weight measured during the initial Assessment Centre visit. Value is not present if either of these readings were omitted.
	21001

	Waist circumference
	Units of measurement 
are cm.
	Waist circumference here is measured during the initial Assessment Centre visit.
	48

	Systolic blood pressure
	Units of measurement 
are mmHg.
	Blood pressure, automated reading or manual reading, systolic. Two measures of blood pressure were taken a few moments apart.
	4080, 93

	Diastolic blood pressure
	Units of measurement 
are mmHg.
	Blood pressure, automated reading or manual reading, diastolic. Two measures of blood pressure were taken a few moments apart.
	4079, 94

	Blood glucose
	Units of measurement 
are mmol/L.
	Measured by hexokinase analysis on a Beckman Coulter AU5800.
	30740

	HbA1c
	Units of measurement 
are mmol/mol.
	Measured by HPLC analysis on a Bio-Rad VARIANT II Turbo
	30750

	HDL-C
	Units of measurement 
are mmol/L.
	Measured by enzymatic protective selection analysis on a Beckman Coulter AU5800.
	30760

	Triglyceride
	Units of measurement 
are mmol/L.
	Measured by GPO-POD analysis on a Beckman Coulter AU5800.
	30870

	Hypertension
	Yes, No.
	The first occurrence of any code mapped to 3-character ICD10.
	131286

	Diabetes
	Yes, No.
	The first occurrence of any code mapped to 3-character ICD10.
	130708

	Hypertriglyceridemia
	Yes (triglyceride 135 mg/dL), No.
	Triglycerides: measured by GPO-POD analysis on a Beckman Coulter AU5800.
	30870

	Metabolic syndrome
	Yes (the presence of at least three of the following: (1) waist circumference 88/102 cm in women/men (or if Asian ancestry 80/90 cm in women/men); (2) HDL-C <40/50 mg/dL for men/women; (3) triglycerides 150 mg/dL; (4) systolic blood pressure 130 mmHg or diastolic blood pressure 80 mmHg and/or antihypertensive medication use); and (5) fasting blood glucose 100 mg/dL), No.
	Waist circumference: measured during the initial Assessment Centre visit.
HDL-C: measured by enzymatic protective selection analysis on a Beckman Coulter AU5800.
Triglycerides: measured by GPO-POD analysis on a Beckman Coulter AU5800.
Systolic blood pressure/diastolic blood pressure: blood pressure, automated reading or manual reading. Two measures of blood pressure were taken a few moments apart.
Antihypertensive medication use: touchscreen question "Do you regularly take any of the following medications? ”
Blood glucose: measured by hexokinase analysis on a Beckman Coulter AU5800.

	48

30760


30870

4080, 93
4079, 94


6177


30740

	Chronic kidney disease
	Yes, No.
	The first occurrence of any code mapped to 3-character ICD10.
	132030

	Cardiovascular disease
	Yes (including one of the following: heart failure, atrial fibrillation, coronary heart disease, stroke, and peripheral artery disease), No.
	The first occurrence of any code mapped to 3-character ICD10.
Heart failure
Atrial fibrillation
Stroke
Peripheral artery disease 
Coronary heart disease




	

131354
131350
42006
6150, 20002
131296, 131298, 131300,131302, 131304, 131306



Abbreviation: HDL-C: High density lipoprotein cholesterol
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	Total
	Stage 0
	Stage 1
	Stage 2-3
	Stage 4

	Depression
	12,582 (3.65%)
	1,619 (2.77%)
	2,254 (3.20%)
	7,304 (3.81%)
	1,405 (5.77%)

	Anxiety
	14,267 (4.14%)
	2,185 (3.73%)
	2,692 (3.82%)
	8,068 (4.21%)
	1,322 (5.43%)


Abbreviation: CKM: cardiovascular-kidney-metabolic


[bookmark: _Toc173572235]Supplemental Table 3 Joint association of social isolation and stage of CKM syndrome on the risk of depression and anxiety
	
	Stage 0-1
	Stage 2-3
	Stage 4
	Additive interaction

	Depression
	
	
	
	

	Social isolation
	
	
	
	RERI: 0.11 (95% CI: 0.04-0.17)
AP: 0.06 (95% CI: 0.04-0.09) 
P value: 0.003

	No
	1.00
	1.29 (1.23-1.34)
	2.03 (1.89-2.17)
	

	Yes
	1.29 (1.16-1.43)
	1.66 (1.54-1.79)
	2.37 (2.05-2.73)
	

	Anxiety 
	
	
	
	

	Social isolation
	
	
	
	RERI: 0.02 (95% CI: -0.07-0.11)
AP: 0.01 (95% CI: -0.01-0.04)
P value: 0.672

	No
	1.00
	1.18 (1.13-1.22)
	1.61 (1.50-1.72)
	

	Yes
	1.21 (1.10-1.34)
	1.37 (1.27-1.47)
	1.91 (1.64-2.22)
	


Models were adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity.
Abbreviation: AP: attributable proportion; RERI: relative excess risk due to interaction
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	Stage 0-1
	Stage 2-3
	Stage 4
	Additive interaction

	Depression
	
	
	
	

	Loneliness
	
	
	
	RERI: 0.42 (95% CI: 0.34-0.50)
AP: 0.14 (95% CI: 0.10-0.17)
P value: <0.001

	No
	1.00 
	1.29 (1.23-1.34)
	1.95 (1.82-2.09)
	

	Yes
	2.26 (2.04-2.50)
	2.79 (2.59-3.01)
	4.44 (3.89-5.07)
	

	Anxiety 
	
	
	
	

	Loneliness
	
	
	
	RERI: 0.17 (95% CI: 0.09-0.25)
AP: 0.10 (95% CI: 0.08-0.13)
P value: <0.001

	No
	1.00 
	1.16 (1.12-1.21)
	1.57 (1.47-1.68)
	

	Yes
	1.53 (1.37-1.70)
	1.89 (1.75-2.04)
	2.58 (2.21-3.01)
	


Models were adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity.
Abbreviation: AP: attributable proportion; RERI: relative excess risk due to interaction
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	Stage 0
	Stage 1
	Stage 2-3
	Stage 4
	P for interaction

	Depression
	
	
	
	
	

	Social isolation
	
	
	
	
	0.378

	Yes 
	1.00
	1.07 (0.88-1.30)
	1.31 (1.11-1.54)
	1.81 (1.47-2.23)
	

	No
	1.00
	1.19 (1.11-1.28)
	1.43 (1.35-1.52)
	2.27 (2.09-2.46)
	

	Anxiety 
	
	
	
	
	

	Social isolation
	
	
	
	
	0.769

	Yes 
	1.00
	1.01 (0.84-1.22)
	1.13 (0.96-1.31)
	1.54 (1.25-1.90)
	

	No
	1.00
	1.06 (1.00-1.12)
	1.21 (1.15-1.28)
	1.67 (1.54-1.80)
	


Models were adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity.
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	Stage 0
	Stage 1
	Stage 2-3
	Stage 4
	P for interaction

	Depression
	
	
	
	
	

	Loneliness
	
	
	
	
	0.915

	Yes 
	1.00
	1.18 (0.96-1.44)
	1.36 (1.15-1.62)
	2.17 (1.76-2.67)
	

	No
	1.00
	1.17 (1.10-1.25)
	1.41 (1.33-1.49)
	2.14 (1.97-2.32)
	

	Anxiety 
	
	
	
	
	

	Loneliness
	
	
	
	
	0.779

	Yes 
	1.00
	1.10 (0.89-1.36)
	1.32 (1.10-1.58)
	1.84 (1.45-2.32)
	

	No
	1.00
	1.05 (0.99-1.11)
	1.19 (1.13-1.25)
	1.61 (1.49-1.74)
	


Models were adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity.
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	HR (95% CI)
	P value

	Depression

	Stage 0
	1.00
	

	Stage 1
	1.18 (1.10-1.25)
	<0.001

	Stage 2-3
	1.41 (1.33-1.49)
	<0.001

	Stage 4
	2.14 (1.99-2.31)
	<0.001

	Anxiety
	
	

	Stage 0
	1.00
	

	Stage 1
	1.05 (0.99-1.11)
	0.082

	Stage 2-3
	1.20 (1.14-1.26)
	<0.001

	Stage 4
	1.63 (1.52-1.75)
	<0.001


Models were adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity, social isolation, loneliness, and family history of severe depression.
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	HR (95% CI)
	P value

	Depression

	Stage 0
	1.00
	

	Stage 1
	1.17 (1.10-1.25)
	<0.001

	Stage 2-3
	1.37 (1.30-1.45)
	<0.001

	Stage 4
	2.06 (1.91-2.22)
	<0.001

	Anxiety
	
	

	Stage 0
	1.00
	

	Stage 1
	1.05 (0.99-1.11)
	0.126

	Stage 2-3
	1.18 (1.12-1.24)
	<0.001

	Stage 4
	1.58 (1.47-1.70)
	<0.001


Models were adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity, social isolation, loneliness, and annual household income.
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	HR (95% CI)
	P value

	Depression

	Stage 0
	1.00
	

	Stage 1
	1.17 (1.10-1.25)
	<0.001

	Stage 2-3
	1.39 (1.31-1.47)
	<0.001

	Stage 4
	2.10 (1.95-2.26)
	<0.001

	Anxiety
	
	

	Stage 0
	1.00
	

	Stage 1
	1.05 (0.99-1.11)
	0.103

	Stage 2-3
	1.19 (1.14-1.25)
	<0.001

	Stage 4
	1.61 (1.50-1.73)
	<0.001


Models were adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity, social isolation, and loneliness.
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	HR (95% CI)
	P value

	Depression

	Stage 0
	1.00
	

	Stage 1
	1.17 (1.10-1.25)
	<0.001

	Stage 2-3
	1.39 (1.31-1.47)
	<0.001

	Stage 4
	2.08 (1.93-2.24)
	<0.001

	Anxiety
	
	

	Stage 0
	1.00
	

	Stage 1
	1.05 (0.99-1.11)
	0.104

	Stage 2-3
	1.19 (1.14-1.25)
	<0.001

	Stage 4
	1.60 (1.49-1.72)
	<0.001


Models were adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity, loneliness, the frequency of being able to confide to someone, living status, social contact frequency, and leisure or social activity participation.
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	Model 1a
	
	Model 2b
	
	Model 3c

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

	Depression
	

	Stage 0
	1.00
	
	
	1.00
	
	
	1.00
	

	Stage 1
	1.18 (1.10-1.26)
	<0.001
	
	1.18 (1.10-1.25)
	<0.001
	
	1.17 (1.10-1.25)
	<0.001

	Stage 2-3
	1.46 (1.38-1.54)
	<0.001
	
	1.41 (1.34-1.49)
	<0.001
	
	1.39 (1.32-1.47)
	<0.001

	Stage 4
	2.25 (2.09-2.43)
	<0.001
	
	2.10 (1.94-2.26)
	<0.001
	
	2.03 (1.88-2.19)
	<0.001

	Anxiety
	
	
	
	
	
	
	
	

	Stage 0
	1.00
	
	
	1.00
	
	
	1.00
	

	Stage 1
	1.05 (0.99-1.11)
	0.078
	
	1.05 (0.99-1.11)
	0.090
	
	1.05 (0.99-1.11)
	0.096

	Stage 2-3
	1.22 (1.16-1.28)
	<0.001
	
	1.20 (1.14-1.26)
	<0.001
	
	1.19 (1.14-1.25)
	<0.001

	Stage 4
	1.64 (1.53-1.77)
	<0.001
	
	1.58 (1.47-1.69)
	<0.001
	
	1.55 (1.44-1.67)
	<0.001


a Model 1 was adjusted for age, sex, ethnicity, Deprivation Index, and education level. 
b Model 2 was adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, and physical activity.
c Model 3 was adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity, social isolation, and loneliness.
Abbreviation: CI: confidence interval; CKM: cardiovascular-kidney-metabolic; HR: hazard ratio
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	Model 1a
	
	Model 2b
	
	Model 3c

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

	Depression
	

	Stage 0
	1.00
	
	
	1.00
	
	
	1.00
	

	Stage 1
	1.15 (1.07-1.23)
	<0.001
	
	1.15 (1.07-1.23)
	<0.001
	
	1.15 (1.07-1.23)
	<0.001

	Stage 2-3
	1.45 (1.36-1.53)
	<0.001
	
	1.40 (1.32-1.48)
	<0.001
	
	1.39 (1.31-1.47)
	<0.001

	Stage 4
	2.33 (2.15-2.52)
	<0.001
	
	2.18 (2.01-2.36)
	<0.001
	
	2.11 (1.95-2.29)
	<0.001

	Anxiety
	
	
	
	
	
	
	
	

	Stage 0
	1.00
	
	
	1.00
	
	
	1.00
	

	Stage 1
	1.06 (0.99-1.12)
	0.075
	
	1.05 (0.99-1.12)
	0.087
	
	1.05 (0.99-1.12)
	0.092

	Stage 2-3
	1.24 (1.18-1.31)
	<0.001
	
	1.22 (1.16-1.28)
	<0.001
	
	1.21 (1.15-1.28)
	<0.001

	Stage 4
	1.74 (1.62-1.88)
	<0.001
	
	1.67 (1.55-1.81)
	<0.001
	
	1.65 (1.53-1.78)
	<0.001


a Model 1 was adjusted for age, sex, ethnicity, Deprivation Index, and education level. 
b Model 2 was adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, and physical activity.
c Model 3 was adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity, social isolation, and loneliness.
Abbreviation: CI: confidence interval; CKM: cardiovascular-kidney-metabolic; HR: hazard ratio
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	Model 1a
	
	Model 2b
	
	Model 3c

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

	Depression
	

	Stage 0
	1.00
	
	
	1.00
	
	
	1.00
	

	Stage 1
	1.17 (1.10-1.25)
	<0.001
	
	1.17 (1.10-1.25)
	<0.001
	
	1.17 (1.09-1.24)
	<0.001

	Stage 2-3
	1.46 (1.38-1.54)
	<0.001
	
	1.41 (1.34-1.49)
	<0.001
	
	1.39 (1.32-1.47)
	<0.001

	Stage 4
	2.35 (2.19-2.53)
	<0.001
	
	2.19 (2.03-2.36)
	<0.001
	
	2.13 (1.97-2.29)
	<0.001

	Anxiety
	
	
	
	
	
	
	
	

	Stage 0
	1.00
	
	
	1.00
	
	
	1.00
	

	Stage 1
	1.06 (1.00-1.12)
	0.056
	
	1.05 (1.00-1.12)
	0.066
	
	1.05 (1.00-1.11)
	0.071

	Stage 2-3
	1.23 (1.17-1.29)
	<0.001
	
	1.21 (1.15-1.27)
	<0.001
	
	1.20 (1.14-1.26)
	<0.001

	Stage 4
	1.73 (1.61-1.86)
	<0.001
	
	1.66 (1.55-1.78)
	<0.001
	
	1.63 (1.52-1.75)
	<0.001


a Model 1 was adjusted for age, sex, ethnicity, Deprivation Index, and education level. 
b Model 2 was adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, and physical activity.
c Model 3 was adjusted for age, sex, ethnicity, Deprivation Index, education level, smoking status, alcohol consumption, physical activity, social isolation, and loneliness.
Abbreviation: CI: confidence interval; CKM: cardiovascular-kidney-metabolic; HR: hazard ratio
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	Stage 0
	Stage 1
	Stage 2-3
	Stage 4
	P for interaction

	Age (y)
	
	
	
	
	0.045

	<65 
	1.00
	1.19 (1.11-1.28)
	1.44 (1.36-1.53)
	2.26 (2.07-2.47)
	

	≥65
	1.00
	1.05 (0.88-1.25)
	1.19 (1.02-1.38)
	1.88 (1.59-2.22)
	

	Sex
	
	
	
	
	0.493

	Women
	1.00
	1.11 (0.98-1.26)
	1.37 (1.23-1.53)
	2.15 (1.89-2.44)
	

	Men
	1.00
	1.21 (1.12-1.30)
	1.43 (1.35-1.53)
	2.19 (1.98-2.43)
	

	Ethnicity
	
	
	
	
	0.035

	White
	1.00
	1.19 (1.12-1.27)
	1.41 (1.33-1.49)
	2.19 (2.03-2.36)
	

	Others
	1.00
	0.89 (0.62-1.28)
	1.48 (1.08-2.03)
	2.57 (1.73-3.81)
	

	Deprivation
	
	
	
	
	0.394

	<median
	1.00
	1.16 (1.06-1.28)
	1.35 (1.25-1.47)
	2.15 (1.91-2.42)
	

	≥median
	1.00
	1.19 (1.09-1.30)
	1.46 (1.35-1.57)
	2.24 (2.03-2.47)
	

	Education level
	
	
	
	
	0.054

	University or college degree
	1.00
	1.16 (1.04-1.28)
	1.42 (1.30-1.55)
	2.47 (2.16-2.83)
	

	Others
	1.00
	1.18 (1.09-1.28)
	1.40 (1.31-1.51)
	2.11 (1.93-2.31)
	


Abbreviation: CKM: cardiovascular-kidney-metabolic
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	Stage 0
	Stage 1
	Stage 2-3
	Stage 4
	P for interaction

	Age (y)
	
	
	
	
	0.504

	<65 
	1.00
	1.05 (0.99-1.12)
	1.21 (1.15-1.28)
	1.68 (1.55-1.83)
	

	≥65
	1.00
	1.05 (0.90-1.23)
	1.15 (1.01-1.32)
	1.62 (1.39-1.89)
	

	Sex
	
	
	
	
	0.251

	Women
	1.00
	0.99 (0.88-1.11)
	1.14 (1.03-1.26)
	1.54 (1.36-1.74)
	

	Men
	1.00
	1.07 (1.00-1.14)
	1.23 (1.16-1.30)
	1.75 (1.59-1.92)
	

	Ethnicity
	
	
	
	
	0.029

	White
	1.00
	1.06 (1.01-1.13)
	1.21 (1.15-1.27)
	1.65 (1.53-1.77)
	

	Others
	1.00
	0.84 (0.63-1.14)
	1.21 (0.93-1.57)
	2.15 (1.52-3.04)
	

	Deprivation
	
	
	
	
	0.363

	<median
	1.00
	1.07 (0.98-1.16)
	1.18 (1.10-1.27)
	1.68 (1.51-1.87)
	

	≥median
	1.00
	1.04 (0.96-1.13)
	1.23 (1.15-1.32)
	1.67 (1.51-1.83)
	

	Education level
	
	
	
	
	0.118

	University or college degree
	1.00
	1.07 (0.98-1.18)
	1.21 (1.12-1.31)
	1.83 (1.60-2.08)
	

	Others
	1.00
	1.04 (0.96-1.12)
	1.20 (1.13-1.27)
	1.61 (1.48-1.76)
	


Abbreviation: CKM: cardiovascular-kidney-metabolic

[bookmark: _Toc173572248]Supplemental Figure 1 Flowchart of the study
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[bookmark: _Toc173572249]Supplemental Figure 2 Kaplan–Meier curve for cumulative incidence of depression and anxiety by stage of CKM syndrome
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