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Supplementary Table S1 The definition of lifestyle factors and covariates
	[bookmark: _Hlk141021183]Lifestyle factors/covariates
	Definition
	Fields/ICD9/ICD10

	Weight management
	Weight management was defined as healthy and unhealthy status according to the BMI.
	21001

	Healthy diet
	UK Biobank Food Frequency Questionnaire at baseline;
At least 5 of the following 10 food groups:
1. Fruits: ≥3 servings/day
2. Vegetables: ≥3 servings/day
3. Fish: ≥2 servings/week
4. dairy ≥2 servings/day
5. vegetable oils ≥2 servings/day
6. Whole grains: ≥3servings/day
7. Processed meats: ≤1 serving/week
8.Unprocessed red meats: ≤2 servings/week
9. Refined grains: ≤2 servings/day
10. Sugar-sweetened beverages: don’t drink
	1309,1319,1289,1299, 1329,1339,1408,1418,
1349,1369,1428,2654,
1379,1389,1438,1448,
1458,1468,3680,1359,
6144

	Appropriate physical
activity
	Calculated based on the total physical activity including walking, moderate activity, and vigorous activity: total duration of walking, moderate activity and vigorous activity < 2000 minutes/week and > 1300 minutes/week was defined as appropriate physical activity.
	884, 894, 904, 914, 971, 981

	Sleep behavior
	At least 4 of the following 5 criteria:
1. Sleep 7–8 hours/day
2. Early chronotype
3. Never or rarely insomnia symptoms
4. No snoring
5. No excessive daytime sleepiness
	1160,1180,1200,1210, 1220

	Sedentary behavior
	Calculated based on duration of watching TV, driving, and using computer.
	1070, 1080, 1090

	Age
	-
	21022

	Sex
	-
	31

	Townsend deprivation index
	-
	22189

	Comorbidities
	Comorbidities include CAD, COPD, RA, gout, depression, and type II diabetes which are from either non-caner illnesses code or ICD-9 and ICD-10 code.
	Non-cancer illnesses code: 1074, 1075, 1112, 1464, 1466, 1286, 1223
ICD-9: 4109,4119,4129,4139,
4140,4141,4148,4149,
4969,4929,71400,71401,
71403,71404,71405,71406,
71409, 2749, 3119, 25000, 25009, 25010, 25019, 25029, 2503, 2504, 2505, 25099
ICD-10: 
I200, I201, I208, I209, 
I210, I211, I212, I213, 
I214, I219, I220, I221, 
I228, I229, I230, I231, 
I232, I233, I235, I236, 
I238, I240, I241, I248, 
I249, I250, I251, I252, 
I253, I254, I255, I256, 
I258, I259, J440, J441, 
J448, J449, M050, M051, M052, M053, M058, M059, M060, M061, M062, M063, M064, M658, M069, 
M100, M102, M103, M104, M109, F320, F321, F322, F323, F328, F329, F330, F331, F332, F333, F334, F338, F339, E110, E111, E112, E113, E114, E115, E116, E117, E118, E119

	Education
	Education levels were classified as higher (college/university degree) and 
lower secondary (A levels/O levels/CSEs/NVQ/others).
	6138

	History of joint injury
	History of joint injury were identified as having a diagnosis in hospital admission electronic health records (ICD-10 code: S700, S710, S73, S760, S800, S810, S820, S83, S870)
	41270

	Glucosamine use
	Glucosamine use was defined as yes or not.
	6179

	Analgesics use
	Analgesics use was defined as yes or not.
	6154


Abbreviations: ICD, International Classification of Diseases; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes

















[bookmark: _Hlk193651573][bookmark: _Hlk192972412]Supplementary Table S2 The effect of additive healthy lifestyle scale and three groups healthy lifestyle categories on risk of OA
	Lifestyle type
	Total OA
	Knee OA
	Hip OA

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

	Category
	0.79 (0.78, 0.8)
	1.5×10-199
	0.69 (0.67, 0.71)
	1.2×10-168
	0.86 (0.84, 0.89)
	3.9×10-20

	Scale
	0.86 (0.85, 0.86)
	3.2×10-267
	0.79 (0.77, 0.8)
	1.2×10-230
	0.9 (0.89, 0.92)
	6.2×10-30


Cox proportional hazard regression model adjusted for age, sex, education, town-send deprivation index, CAD, COPD, RA, gout, depression, T2DM glucosamine use, analgesic use, and joint injury history.
Abbreviation: HR, hazard ratio; HLS, healthy lifestyle score; OA, osteoarthritis; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Bold denotes statistically significant. 













Supplementary Table S3 The definition of OA
	Disease
	ICD 9 
	ICD 10

	Total OA
	715, 721
	MI5, M16, M17, M18, M19, M471, M472, M478, M479, M480

	Knee OA
	71536, 71516
	M170, M171, M179

	Hip OA
	71535, 71515
	M160, M161, M169


Abbreviations: ICD, International Classification of Diseases; OA, osteoarthritis.





Supplementary Table S4 Association of each lifestyle factor and incident OA
	Lifestyle factors
	Total OA
	Knee OA
	Hip OA

	
	No. case/
person years
	HR (95%CI)
	P
	No. case/
person years
	HR (95%CI)
	P
	No. case/
person years
	HR (95%CI)
	P

	unhealthy weight management
	16118/664737
	1 (Reference)
	
	16118/664737
	1 (Reference)
	
	16118/664737
	1 (Reference)
	

	healthy weight management
	32203/2366915
	0.64 (0.63,0.65)
	<2.2×10-308
	32203/2366915
	0.45 (0.44,0.47)
	<2.2×10-308
	32203/2366915
	0.73 0(0.7,0.76)
	8.4×10-54

	Unhealthy diet
	36837/2367943
	1 (Reference)
	
	36837/2367943
	1 (Reference)
	
	36837/2367943
	1 (Reference)
	

	Healthy diet
	11484/663709
	0.99 (0.97,1.02)
	6.4×10-01
	11484/663709
	1.00 (0.96,1.04)
	9.7×10-01
	11484/663709
	1.01 (0.97,1.05)
	6.8×10-01

	Inappropriate exercise
	41117/2550623
	1 (Reference)
	
	41117/2550623
	1 (Reference)
	
	41117/2550623
	1 (Reference)
	

	Appropriate exercise
	7204/481029
	0.92 (0.90,0.94)
	3.2×10-14
	7204/481029
	0.91 (0.88,0.94)
	2.3×10-07
	7204/481029
	0.94 (0.9,0.98)
	4.1×10-03

	Unhealthy sleep behavior
	32748/1872859
	1 (Reference)
	
	17714/926308
	1 (Reference)
	
	17714/926308
	1 (Reference)
	

	Healthy sleep behavior
	15573/1158793
	0.85 (0.83,0.87)
	3.0×10-61
	30607/2105344
	0.84 (0.81,0.86)
	8.6×10-28
	30607/2105344
	0.90 (0.87,0.94)
	9.8×10-08

	Sedentary behavior
	33734/1953208
	1 (Reference)
	
	33734/1953208
	1 (Reference)
	
	33734/1953208
	1 (Reference)
	

	Non-sedentary
	14587/1078444
	0.86 (0.84,0.88)
	1.4×10-49
	14587/1078444
	0.82 (0.79,0.84)
	9.8×10-33
	14587/1078444
	0.92 (0.88,0.96)
	3.2×10-05


Cox proportional hazard regression model adjusted for age, sex, education, town-send deprivation index, CAD, COPD, RA, gout, depression, T2DM glucosamine use, analgesic use, and joint injury history.
Abbreviation: HR, hazard ratio; HLS, healthy lifestyle score; OA, osteoarthritis; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Bold denotes statistically significant.






Supplementary Table S5 Association between healthy lifestyle score and incident OA
	HLS
	Total OA
	Knee OA
	Hip OA

	
	No. case/
person-years
	HR (95% Cl)
	P-value
	No. case/
person-years
	HR (95% Cl)
	P-value
	No. case/
person-years
	HR (95% Cl)
	P-value

	Unfavorable
	14808/675339
	reference
	-
	6197/742135
	reference
	-
	3383/770567
	reference
	-

	Neutral
	28923/1971582
	0·77 (0·76, 0·79)
	1.1×10-158
	10079/2097015
	0·67 (0·65, 0·69)
	9.2×10-145
	7305/2125534
	0·85 (0·82, 0·89)
	2.7×10-16

	Favorable
	4590/384731
	0·65 (0·62, 0·67)
	2.3×10-105
	1450/403643
	0·53 (0·49, 0·57)
	5.1×10-73
	1230/406083
	0·77 (0·71, 0·83)
	9.1×10-12

	P for trend
	
	
	1.5×10-199
	
	
	1.2×10-168
	
	
	3.9×10-20


Cox proportional hazard regression model adjusted for age, sex, education, town-send deprivation index, CAD, COPD, RA, gout, depression, T2DM glucosamine use, analgesic use, and joint injury history.
Abbreviation: HR, hazard ratio; HLS, healthy lifestyle score; OA, osteoarthritis; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Bold denotes statistically significant.




Supplementary Table S6 The association between healthy lifestyle score without weight management and risk of total OA, knee OA and Hip OA
	OA phenotypes
	PRS
	HLS
	HR (95%CI)
	P
	P for trend
	P for interaction

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·85 (0·80, 0·89)
	2.1×10-09
	
	

	
	
	Favorable
	0·84 (0·78, 0·92)
	5.6×10-05
	7.4×10-10
	

	Total OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·87 (0·85, 0·90)
	7.4×10-22
	
	2.4×10-01a

	
	
	Favorable
	0·78 (0·74, 0·81)
	1.8×10-28
	1.6×10-41
	1.1×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·89 (0·85, 0·93)
	4.0×10-07
	
	8.0×10-02c

	
	
	Favorable
	0·81 (0·76, 0·87)
	7.8×10-09
	1.7×10-12
	5.9×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·83 (0·75, 0·91)
	1.5×10-04
	
	

	
	
	Favorable
	0·75 (0·64, 0·87)
	2.5×10-04
	1.7×10-06
	

	Knee OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·83 (0·79, 0·87)
	4.5×10-15
	
	6.9×10-01a

	
	
	Favorable
	0·76 (0·71, 0·82)
	3.4×10-12
	2.5×10-21
	6.0×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·86 (0·80, 0·92)
	2.0×10-05
	
	3.6×10-01c

	
	
	Favorable
	0·79 (0·71, 0·89)
	6.9×10-05
	1.1×10-07
	3.7×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·91 (0·81, 1·03)
	1.4×10-01
	
	

	
	
	Favorable
	0·89 (0·74, 1·07)
	2.3×10-01
	9.2×10-02
	

	Hip OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·89 (0·84, 0·94)
	3.1×10-05
	
	6.2×10-01a

	
	
	Favorable
	0·88 (0·81, 0·96)
	4.1×10-03
	1.4×10-05
	8.7×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·91 (0·84, 0·98)
	1.9×10-02
	
	8.9×10-01c

	
	
	Favorable
	0·90 (0·80, 1·02)
	1.1×10-01
	1.5×10-02
	7.4×10-01d


Abbreviation: HR, hazard ratio; PRS, poly genetic risk score; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Logistic regression adjusted for age, sex, education, deprivation index, CAD, COPD, RA, gout, depression, T2DM, glucosamine use, analgesic use and joint injury history
a Interaction of neutral Healthy lifestyle score in intermediate PRS and neutral Healthy lifestyle score in low PRS
b Interaction of Favorable Healthy lifestyle score in intermediate PRS and Favorable Healthy lifestyle score in low PRS
c Interaction of neutral Healthy lifestyle score in high PRS and neutral Healthy lifestyle score in low PRS 
d Interaction of Favorable Healthy lifestyle score in high PRS and Favorable Healthy lifestyle score in low PRS
Bold denotes statistically significant.
Supplementary Table S7 The association between healthy lifestyle score and risk of total OA, knee OA and Hip OA after excluding participants with OA diagnosis within 2 years of follow-up
	OA phenotypes
	PRS
	HLS
	HR (95%CI)
	P
	P for trend
	P for interaction

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·80 (0·76, 0·84)
	6.8×10-18
	
	

	
	
	Favorable
	0·73 (0·66, 0·8)
	3.3×10-10
	1.3×10-19
	

	Total OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·78 (0·76, 0·80)
	3.4×10-75
	
	6.5×10-01a

	
	
	Favorable
	0·64 (0·61, 0·68)
	5.2×10-58
	6.6×10-101
	4.4×10-02b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·80 (0·77, 0·83)
	3.5×10-26
	
	6.6×10-01c

	
	
	Favorable
	0·67 (0·61, 0·73)
	1.0×10-19
	2.6×10-34
	3.2×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·69 (0·63, 0·75)
	5.8×10-16
	
	

	
	
	Favorable
	0·53 (0·43, 0·64)
	9.3×10-11
	6.6×10-20
	

	Knee OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·68 (0·65, 0·71)
	7.9×10-66
	
	8.0×10-01a

	
	
	Favorable
	0·54 (0·49, 0·59)
	1.3×10-36
	5.4×10-79
	6.3×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·70 (0·66, 0·75)
	4.5×10-27
	
	5.7×10-01c

	
	
	Favorable
	0·56 (0·49, 0·65)
	1.2×10-14
	5.0×10-32
	4.2×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·87 (0·77, 0·97)
	1.3×10-02
	
	

	
	
	Favorable
	0·74 (0·59, 0·93)
	9.8×10-03
	1.8×10-03
	

	Hip OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·86 (0·82, 0·91)
	4.0×10-08
	
	8.5×10-01a

	
	
	Favorable
	0·78 (0·70, 0·86)
	1.9×10-06
	3.1×10-10
	7.7×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·85 (0·78, 0·92)
	2.7×10-05
	
	9.5×10-01c

	
	
	Favorable
	0·80 (0·69, 0·93)
	2.7×10-03
	1.5×10-05
	4.4×10-01d


Abbreviation: HR, hazard ratio; PRS, poly genetic risk score; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Logistic regression adjusted for age, sex, education, deprivation index, CAD, COPD, RA, gout, depression, T2DM, glucosamine use, analgesic use and joint injury history
a Interaction of neutral Healthy lifestyle score in intermediate PRS and neutral Healthy lifestyle score in low PRS
b Interaction of Favorable Healthy lifestyle score in intermediate PRS and Favorable Healthy lifestyle score in low PRS
c Interaction of neutral Healthy lifestyle score in high PRS and neutral Healthy lifestyle score in low PRS 
d Interaction of Favorable Healthy lifestyle score in high PRS and Favorable Healthy lifestyle score in low PRS
Bold denotes statistically significant.




Supplementary Table S8 The association between healthy lifestyle score and risk of total OA, knee OA and Hip OA by using competing risk model
	OA phenotypes
	PRS
	HLS
	HR (95%CI)
	P
	P for trend
	P for interaction

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·78 (0·74, 0·82)
	<2.2×10-308
	
	

	
	
	Favorable
	0·70 (0·64, 0·77)
	1.8×10-13
	<2.2×10-308
	

	Total OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·77 (0·75, 0·79)
	<2.2×10-308
	
	9.4×10-01a

	
	
	Favorable
	0·63 (0·60, 0·66)
	<2.2×10-308
	<2.2×10-308
	1.6×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·78 (0·75, 0·81)
	<2.2×10-308
	
	7.6×10-01c

	
	
	Favorable
	0·67 (0·62, 0·73)
	<2.2×10-308
	<2.2×10-308
	8.0×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·65 (0·60, 0·71)
	<2.2×10-308
	
	

	
	
	Favorable
	0·51 (0·43, 0·62)
	9.0×10-13
	<2.2×10-308
	

	Knee OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·67 (0·64, 0·70)
	<2.2×10-308
	
	3.5×10-01a

	
	
	Favorable
	0·53 (0·48, 0·58)
	<2.2×10-308
	<2.2×10-308
	5.6×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·68 (0·64, 0·73)
	<2.2×10-308
	
	2.0×10-01c

	
	
	Favorable
	0·53 (0·47, 0·61)
	<2.2×10-308
	<2.2×10-308
	4.5×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·90 (0·81, 1·00)
	5.0×10-02
	
	

	
	
	Favorable
	0·76 (0·61, 0·94)
	1.2×10-02
	3.8×10-03
	

	Hip OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·84 (0·80, 0·89)
	3.3×10-11
	
	2.8×10-01a

	
	
	Favorable
	0·76 (0·68, 0·84)
	6.5×10-08
	1.1×10-13
	9.5×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·85 (0·79, 0·92)
	2.0×10-05
	
	8.1×10-01c

	
	
	Favorable
	0·83 (0·72, 0·96)
	1.1×10-02
	5.3×10-05
	2.3×10-01d


Abbreviation: HR, hazard ratio; PRS, poly genetic risk score; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Logistic regression adjusted for age, sex, education, deprivation index, CAD, COPD, RA, gout, depression, T2DM, glucosamine use, analgesic use and joint injury history
a Interaction of neutral Healthy lifestyle score in intermediate PRS and neutral Healthy lifestyle score in low PRS
b Interaction of Favorable Healthy lifestyle score in intermediate PRS and Favorable Healthy lifestyle score in low PRS
c Interaction of neutral Healthy lifestyle score in high PRS and neutral Healthy lifestyle score in low PRS 
d Interaction of Favorable Healthy lifestyle score in high PRS and Favorable Healthy lifestyle score in low PRS
Bold denotes statistically significant.




Supplementary Table S9 The association between weighted healthy lifestyle score and risk of total OA, knee OA and Hip OA
	OA phenotypes
	PRS
	HLS
	HR (95%CI)
	P
	P for trend
	P for interaction

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·74 (0·71, 0·78)
	2.7×10-58
	
	

	
	
	Favorable
	0·65 (0·60, 0·71)
	4.2×10-41
	2.6×10-61
	

	Total OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·72 (0·71, 0·74)
	1.3×10-203
	
	3.4×10-01a

	
	
	Favorable
	0·63 (0·60, 0·66)
	2.6×10-149
	3.7×10-226
	7.1×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·73 (0·70, 0·76)
	2.2×10-99
	
	9.9×10-01c

	
	
	Favorable
	0·60 (0·56, 0·65)
	9.5×10-70
	5.2×10-113
	5.3×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·45 (0·41, 0·49)
	3.3×10-74
	
	

	
	
	Favorable
	0·34 (0·29, 0·40)
	1.8×10-40
	2.4×10-74
	

	Knee OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·48 (0·46, 0·50)
	4.1×10-256
	
	4.8×10-02a

	
	
	Favorable
	0·39 (0·36, 0·43)
	2.5×10-125
	2.8×10-248
	3.2×10-02b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·47 (0·45, 0·50)
	6.5×10-128
	
	1.6×10-01c

	
	
	Favorable
	0·41 (0·37, 0·47)
	1.8×10-49
	1.0×10-118
	1.6×10-02d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·72 (0·64, 0·81)
	2.8×10-08
	
	

	
	
	Favorable
	0·62 (0·51, 0·75)
	8.9×10-07
	2.9×10-09
	

	Hip OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·74 (0·70, 0·78)
	2.1×10-28
	
	7.2×10-01a

	
	
	Favorable
	0·66 (0·61, 0·72)
	8.0×10-20
	8.4×10-30
	5.2×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0·77 (0·71, 0·83)
	6.0×10-11
	
	1.3×10-01c

	
	
	Favorable
	0·69 (0·61, 0·78)
	4.5×10-09
	2.5×10-12
	1.4×10-01d


Abbreviation: HR, hazard ratio; PRS, poly genetic risk score; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Logistic regression adjusted for age, sex, education, deprivation index, CAD, COPD, RA, gout, depression, T2DM, glucosamine use, analgesic use and joint injury history
a Interaction of neutral Healthy lifestyle score in intermediate PRS and neutral Healthy lifestyle score in low PRS
b Interaction of Favorable Healthy lifestyle score in intermediate PRS and Favorable Healthy lifestyle score in low PRS
c Interaction of neutral Healthy lifestyle score in high PRS and neutral Healthy lifestyle score in low PRS 
d Interaction of Favorable Healthy lifestyle score in high PRS and Favorable Healthy lifestyle score in low PRS
Bold denotes statistically significant.


[bookmark: _Hlk193376489]Supplementary Table S10 Association between polygenic risk score and incident OA in individuals under 55 years of age
	PRS 
	Total OA
	Knee OA
	Hip OA

	
	HR (95% Cl)
	P-value
	HR (95% Cl)
	P-value
	HR (95% Cl)
	P-value

	Low
	reference
	-
	reference
	-
	reference
	-

	Intermediate
	1.29 (1.23, 1.36)
	1.3×10-21
	1.36 (1.24, 1.49)
	9.2×10-11
	1.58 (1.38, 1.80)
	3.4×10-11

	High
	1.54 (1.45, 1.63)
	1.8×10-44
	1.79 (1.62, 1.99)
	3.7×10-29
	2.48 (2.15, 2.87)
	8.8×10-35

	P for trend
	
	1.4×10-44
	
	9.6×10-31
	
	4.6×10-39


Cox proportional hazard regression model adjusted for age, sex, education, town-send deprivation index, CAD, COPD, RA, gout, depression, T2DM, glucosamine use, analgesic use, and joint injury history.
Abbreviation: HR, hazard ratio; PRS, poly genetic risk score; OA, osteoarthritis; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Bold denotes statistically significant.











[bookmark: _Hlk193376496]Supplementary Table S11 Association between healthy lifestyle score and incident OA in individuals under 55 years of age
	HLS
	Total OA
	Knee OA
	Hip OA

	
	HR (95% Cl)
	P-value
	HR (95% Cl)
	P-value
	HR (95% Cl)
	P-value

	Unfavorable
	reference
	-
	reference
	-
	reference
	-

	Neutral
	0·72 (0·69, 0·75)
	1.0×10-57
	0·61 (0·58, 0·66)
	1.6×10-47
	0·80 (0·73, 0·87)
	9.4×10-07

	Favorable
	0·59 (0·54, 0·64)
	6.4×10-36
	0·46 (0·40, 0·53)
	6.6×10-25
	0·76 (0·64, 0·91)
	2.7×10-03

	P for trend
	
	5.6×10-70
	
	1.8×10-55
	
	2.0×10-06


Cox proportional hazard regression model adjusted for age, sex, education, town-send deprivation index, CAD, COPD, RA, gout, depression, T2DM glucosamine use, analgesic use, and joint injury history.
Abbreviation: HR, hazard ratio; HLS, healthy lifestyle score; OA, osteoarthritis; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Bold denotes statistically significant.











[bookmark: _Hlk193372565]Supplementary Table S12 Association between healthy lifestyle score constructed by dementia-related lifestyle factors and incident OA
	HLS
	Total OA
	Knee OA
	Hip OA

	
	HR (95% Cl)
	P-value
	HR (95% Cl)
	P-value
	HR (95% Cl)
	P-value

	Unfavorable
	reference
	-
	reference
	-
	reference
	-

	Neutral
	1·00 (0·97, 1·02)
	8.0×10-01
	1·00 (0·96, 1·05)
	9.7×10-01
	0·99 (0·93, 1·04)
	6.5×10-01

	Favorable
	0·99 (0·96, 1·02)
	4.3×10-01
	0·99 (0·95, 1·03)
	6.7×10-01
	0·97 (0·92, 1·02)
	2.1×10-01

	P for trend
	
	3.7×10-01
	
	5.7×10-01
	
	1.6×10-01


Cox proportional hazard regression model adjusted for age, sex, education, town-send deprivation index, CAD, COPD, RA, gout, depression, T2DM glucosamine use, analgesic use, and joint injury history.
Abbreviation: HR, hazard ratio; HLS, healthy lifestyle score; OA, osteoarthritis; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Bold denotes statistically significant.

[bookmark: _Hlk193368786]Supplementary Table S13 The association between healthy lifestyle score and risk of total OA, knee OA and Hip OA in imputed populations
	OA phenotypes
	PRS
	HLS
	HR (95%CI)
	P
	P for trend
	P for interaction

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.77 (0.73, 0.81)
	4.9×10-25
	
	

	
	
	Favorable
	0.67 (0.60, 0.75)
	4.4×10-13
	1.1×10-28
	

	Total OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.76 (0.74, 0.78)
	2.3×10-98
	
	9.4×10-01a

	
	
	Favorable
	0.63 (0.59, 0.67)
	1.4×10-53
	8.3×10-120
	4.6×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.78 (0.75, 0.81)
	2.3×10-33
	
	3.0×10-01c

	
	
	Favorable
	0.65 (0.59, 0.71)
	7.5×10-20
	1.7×10-41
	9.0×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.66 (0.61, 0.71)
	1.0×10-23
	
	

	
	
	Favorable
	0.59 (0.49, 0.71)
	4.7×10-08
	1.4×10-23
	

	Knee OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.68 (0.65, 0.70)
	1.6×10-82
	
	2.8×10-01a

	
	
	Favorable
	0.55 (0.50, 0.61)
	1.9×10-33
	5.5×10-92
	7.6×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.67 (0.64, 0.72)
	7.6×10-39
	
	4.0×10-01c

	
	
	Favorable
	0.56 (0.48, 0.65)
	1.1×10-14
	1.9×10-42
	8.7×10-01d

	
	Low
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.91 (0.82, 1.0)
	7.1×10-02
	
	

	
	
	Favorable
	0.78 (0.62, 0.98)
	3.0×10-02
	1.3×10-02
	

	Hip OA
	Intermediate
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.84 (0.80, 0.89)
	1.3×10-11
	
	1.8×10-01a

	
	
	Favorable
	0.74 (0.67, 0.823)
	8.6×10-08
	2.1×10-14
	7.0×10-01b

	
	High
	Unfavorable
	1 (Reference)
	
	
	

	
	
	Neutral
	0.85 (0.79, 0.91)
	6.4×10-06
	
	5.0×10-01c

	
	
	Favorable
	0.76 (0.66, 0.89)
	5.0×10-04
	5.7×10-07
	8.8×10-01d


Abbreviation: HR, hazard ratio; PRS, poly genetic risk score; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; RA, rheumatic disease; T2DM, type-2 diabetes.
Logistic regression adjusted for age, sex, education, deprivation index, CAD, COPD, RA, gout, depression, T2DM, glucosamine use, analgesic use and joint injury history
a Interaction of neutral Healthy lifestyle score in intermediate PRS and neutral Healthy lifestyle score in low PRS
b Interaction of Favorable Healthy lifestyle score in intermediate PRS and Favorable Healthy lifestyle score in low PRS
c Interaction of neutral Healthy lifestyle score in high PRS and neutral Healthy lifestyle score in low PRS 
d Interaction of Favorable Healthy lifestyle score in high PRS and Favorable Healthy lifestyle score in low PRS
Bold denotes statistically significant.




Supplementary Figure S1 Multivariable adjusted hazard ratios for risk of total, knee, and OA according to amount of total physical activity on a continuous scale. 
[image: ]
Solid red lines are multivariable adjusted hazard ratios, with dashed red lines showing 95% confidence intervals derived from restricted cubic spline regressions with four knots. Reference lines for no association are indicated by the solid bold black lines at a hazard ratio of 1.0. Dashed blue curves show the probability density with different amounts of total physical activity. Arrows indicate the amount of total physical activity with the lowest total(A), knee(B), and hip OA(C), respectively. Analyses were adjusted for age, sex, Townsend deprivation index, education level, glucosamine use, analgesics use, joint injury history and comorbidities at baseline. Abbreviation: OA, osteoarthritis; TPA, total physical activity.




















Supplementary Figure S2 Multivariable adjusted hazard ratios for risk of knee OA according to sedentary time 
[image: ]
Solid red lines are multivariable adjusted hazard ratios, with dashed red lines showing 95% confidence intervals derived from restricted cubic spline regressions with four knots. Reference lines for no association are indicated by the solid bold black lines at a hazard ratio of 1.0. Dashed blue curves show the probability density with different amounts of sedentary time. Arrows indicate the amount of sedentary time with the lowest total(A), knee(B), and hip OA(C), respectively. Analyses were adjusted for age, sex, Townsend deprivation index, education level, glucosamine use, analgesics use, joint injury history and comorbidities at baseline. Abbreviation: OA, osteoarthritis.





















[bookmark: _Hlk193373527]Supplementary Figure S3 The cumulative hazard with risk table of time to event for total OA
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[bookmark: _Hlk193373653]Supplementary Figure S4 The cumulative hazard with risk table of time to event for knee OA
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[bookmark: _Hlk193373662]Supplementary Figure S5 The cumulative hazard with risk table of time to event for hip OA
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Supplementary Figure S6 The joint association of healthy lifestyle score and polygenic risk score with risk of total OA
[image: ] 
Abbreviation: HR, hazard ratio; CI, confidence interval























Supplementary Figure S7 The joint association of healthy lifestyle score and polygenic risk score with risk of knee OA
[image: ]
Abbreviation: HR, hazard ratio; CI, confidence interval
























Supplementary Figure S8 The joint association of healthy lifestyle score and polygenic risk score with risk of hip OA
[image: ]
Abbreviation: HR, hazard ratio; CI, confidence interval
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