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Supplementary Figure 1. Flow chart
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Supplementary Figure 2. Distribution of osteoporosis genetic risk score in the Kunshan cohort

Supplementary Table 1. The definitions for prevalent and incident osteoporosis in Kunshan cohort study

	
	ICD-10
	Self-reported field code
	Examination

	
	
	Self-reported medical history
	Self-reported medication
	B-mode ultrasonography
	Dual-energy X-ray absorptiometry

	Prevalent osteoporosis 
	M80, M81, M82
	M80, M81, M82
	bone resorption inhibitor, bone formation promoter, drug both inhibiting bone resorption and promoting bone formation
	the T-scores for BMD at the heel calcaneus that were calculated by comparing with the BMD of healthy young people of the same sex ≤ -2.5
	the T-scores for BMD at the spine, hip or femoral neck that were calculated by comparing with the BMD of healthy young people of the same sex ≤ -2.5

	Incident osteoporosis
	M80, M81, M82
	
	
	
	


Variable definitions constructed using ICD-10, self-reported field code as well as examination are shown.
Abbreviations: ICD, International Classification of Diseases; BMD, bone mineral density.
Supplementary Table 2. Information of calcium supplementation in Kunshan cohort study

	Serial number
	Name
	Usage
	Dosage
	Frequency

	1
	Calcium Gluconate Injection
	Intravenous infusion
	10ml
	Once a day

	2
	Sodium Potassium Magnesium Calcium and Glucose Injection
	Intravenous infusion
	500ml
	Once a day

	3
	Calcium and Zinc Gluconates Oral Solution
	Oral administration
	10ml
	Three times a day

	4
	Calcium Gluconate Oral Solution
	Oral administration
	10ml
	Twice a day

	5
	Calcium Carbonate Granules
	Oral administration
	500mg
	Once a day

	6
	Calcium Acetate Granules
	Oral administration
	200mg
	Three times a day

	7
	Calcium Carbonate and Vitamin D3 Tablets
	Oral administration
	600mg
	Once a day

	8
	Calcium Carbonate and Vitamin D3 Granules
	Oral administration
	500mg
	Twice a day


Supplementary Table 3. Information of vitamin D supplementation in Kunshan cohort study

	Serial number
	Name
	Usage
	Dosage
	Frequency

	1
	Alfacalcidol Tablets
	Oral administration
	0.5ug
	Once a day

	2
	Alfacalcidol Soft Capsules
	Oral administration
	0.5ug
	Twice a day

	3
	Vitamin D Drops
	Oral administration
	400iu
	Once a day

	4
	Vitamin D2 Soft Capsules
	Oral administration
	0.125mg
	Once a day

	5
	Calcitriol
	Oral administration
	0.5ug
	Once a day


Supplementary Table 4. Information of hormone medication in Kunshan cohort study

	Serial number
	Name
	Usage
	Dosage
	Frequency

	1
	Methylprednisolone Sodium Succinate for Injection
	Intravenous infusion
	40mg
	Once a day

	2
	Dexamethasone Sodium Phosphate Injection
	Intravenous infusion
	5mg
	Once a day

	3
	Hydrocortisone Sodium Succinate for Injection
	Intravenous infusion
	100mg
	Once a day

	4
	Methylprednisolone Tablets
	Oral administration
	4mg
	Twice a day

	5
	Dexamethasone Tablets
	Oral administration
	0.75mg
	Twice a day

	6
	Prednisone Acetate Tablets
	Oral administration
	5mg
	Three times a day

	7
	Dexamethasone Acetate Tablets
	Oral administration
	0.75mg
	Twice a day

	8
	Salmeterol Xinafoate and Fluticasone Propionate Powder for Inhalation
	Oral inhalation
	250ug
	Twice a day

	9
	Mometasone Furoate Cream
	Topical application
	200mg
	Once a day

	10
	Fluticasone Propionate Ointment
	Topical application
	1g
	Twice a day


Supplementary Table 5. Information of 14 single-nucleotide polymorphisms for osteoporosis

	leadSNP
	rsid
	CHR
	Risk allele
	Non-risk allele
	OR
	95%CI
	p value

	Chr2: 40404215
	rs10490045
	2
	T
	C
	0.0275
	(0.02,0.035) unit decrease
	2e-14

	Chr4: 1011076
	rs78520297
	4
	T
	C
	0.0428
	(0.035,0.051) unit decrease
	3e-24

	Chr4: 1018512
	rs111632154
	4
	T
	C
	0.0576
	(0.043,0.072) unit decrease
	2e-14

	Chr6: 127147129 
	rs7741021
	6
	A
	C
	0.0508
	(0.045,0.057) unit increase
	9e-65

	Chr6: 151586613
	rs4869742
	6
	C
	A
	0.0327
	(0.026,0.039) unit decrease
	2e-23

	Chr7: 30916874 
	rs10276670
	7
	A
	G
	0.0559
	(0.049,0.063) unit decrease
	3e-55

	Chr7: 38105296
	rs6963134
	7
	A
	G
	0.0327
	(0.027,0.039) unit increase
	8e-26

	Chr7: 121322110
	rs2908007
	7
	A
	G
	0.0625
	(0.056,0.069) unit increase
	2e-92

	Chr10: 52674769
	rs11003048
	10
	C
	G
	0.078
	(0.068,0.088) unit decrease
	8e-58

	Chr11: 68622433
	rs35989399
	11
	C
	T
	0.0573
	(0.049,0.065) unit decrease
	8e-44

	Chr11: 87157029
	rs576679
	11
	G
	A
	0.0344
	(0.028,0.041) unit decrease
	7e-27

	Chr17: 43721487
	rs4793022
	17
	G
	C
	0.0412
	(0.035,0.047) unit increase
	5e-41

	Chr18: 13708575
	rs4796995
	18
	A
	G
	0.0334
	(0.027,0.039) unit decrease
	2e-27

	Chr21: 38967069
	rs2836789
	21
	C
	T
	0.0367
	(0.03,0.043) unit decrease
	8e-29


Abbreviation: SNP, single nucleotide polymorphisms; CHR, chromosome; OR, odds ratio; CI, confidence interval.

Supplementary Table 6. Association between osteoporosis-genetic risk score and risk of osteoporosisa
	
	OR (95%CI)
	p value

	No. of incident osteoporosis/No. of subjects
	2432/13426 (18.11)
	

	Model 1
	1.44 (1.18,1.77)
	0.00038


an=13426. 
Abbreviation: 95%CI = 95% confidence interval.
Model 1: no adjustment. 
Supplementary Table 7. Association between outdoor walking and risk of osteoporosis by subgroups
	
	No. of incident osteoporosis/No. of subjects (%)
	Duration of daily outdoor walking, minutes/day 
	p trend
	p for interaction

	
	
	None
	≤30
	＞30 and ≤60
	＞60
	
	

	Sex, n (%)
	
	
	
	
	
	
	0.275

	male
	1863/11886
(15.67)
	1.00 
	1.01 (0.96,1.25)
	0.83 (0.72,0.94)
	0.61 (0.42,0.88)
	0.003
	

	female
	2723/12814
(21.25)
	1.00 
	0.93 (0.83,1.04)
	0.87 (0.77,0.98)
	0.67 (0.45,0.99)
	0.072
	

	Body mass index, kg/m2
	
	
	
	
	
	
	0.325

	＜25
	2623/14638
(17.92)
	1.00 
	1.03

(0.92,1.16)
	0.86

(0.76,0.97)
	0.66

(0.45,0.97)
	0.009
	

	≥25
	1963/10062
(19.51)
	1.00 
	1.37
(0.90,2.11)
	0.65
(0.41,1.02)
	0.49
(0.15,1.58)
	0.073
	

	Smoking status, n (%)
	
	
	
	
	
	
	0.346

	Never
	3300/17085
(19.32)
	1.00 
	0.98 (0.89,1.08)
	0.91 (0.82,1.01)
	0.66 (0.48,0.90)
	0.009
	

	Former
	91/634
(14.35)
	1.00 
	1.22 (0.66,2.28)
	0.91 (0.51,1.60)
	1.22 (0.42,3.53)
	1.000
	

	Current
	861/4965
(17.34)
	1.00 
	1.20 (1.01,1.45)
	0.78 (0.63,0.98)
	0.45 (0.24,0.85)
	0.019
	

	Drinking status, n (%)
	
	
	
	
	
	
	0.788

	Never
	3557/18248
(19.49)
	1.00 
	1.00 (0.91,1.09)
	0.91 (0.82,1.01)
	0.65 (0.48,0.87)
	0.006
	

	 Infrequently
	186/1324
(14.05)
	1.00 
	0.87 (0.57,1.29)
	0.66 (0.43,0.99)
	0.58 (0.14,2.37)
	0.044
	

	 Regularly
	85/515

(16.50)
	1.00 
	1.05 (0.54,2.01)
	0.67 (0.32,1.38)
	1.29 (0.37,4.54)
	0.560
	

	 On a daily basis
	421/2595
(16.22)
	1.00 
	1.36 (1.05,1.76)
	0.96 (0.71,1.30)
	0.50 (0.20,1.24)
	0.799
	

	Educational attainment, n (%)
	
	
	
	
	
	
	0.744

	College or university
	19/298
(6.38)
	1.00
	2.33 (0.49,5.62)
	4/84a
	2/16a
	0.217
	

	Vocational
	211/1405
 (15.02)
	1.00 
	1.12 (0.77,1.62)
	0.76 (0.51,1.13)
	0.51 (0.19,1.40)
	0.107
	

	Upper secondary
	31/493
 (6.29)
	1.00 
	1.09 (0.44,2.69)
	0.50 (0.17,1.44)
	0.78 (0.11,5.75)
	0.291
	

	Lower secondary
	3003/16113
(18.64)
	1.00 
	0.97 (0.87,1.08)
	0.92 (0.82,1.02)
	0.54 (0.38,0.76)
	0.002
	

	Others
	1289/6150
(20.96)
	1.00 
	1.13 (0.96,1.32)
	0.89 (0.73,1.08)
	0.80 (0.46,1.40)
	0.441
	

	Unknown
	33/241
 (13.69)
	1.00 
	2.51 (1.15,5.50)
	2/31a
	0/5a
	0.794
	

	Hypertension, n (%)
	
	
	
	
	
	
	<0.001

	Yes
	3260/13946(23.38)
	1.00 
	1.08 (0.98,1.19)
	1.04 (0.94,1.16)
	0.76 (0.55,1.04)
	0.697
	

	No
	1326/10754(12.33)
	1.00 
	0.89 (0.76,1.05)
	0.56 (0.47,0.89)
	0.44 (0.26,0.73)
	<0.001
	

	Diabetes mellitus, n (%)
	
	
	
	
	
	
	0.237

	Yes
	1843/7858 (23.45)
	1.00 
	1.02 (0.89,1.17)
	0.92 (0.80,1.06)
	0.72 (0.49,1.06)
	0.107
	

	No
	2743/16842(16.29)
	1.00 
	1.02 (0.91,1.13)
	0.86 (0.76,0.97)
	0.57 (0.39,0.83)
	0.002
	

	Dyslipidemia, n (%)
	
	
	
	
	
	
	0.201

	Yes
	1177/6318 (18.63)
	1.00 
	1.03 (0.88,1.21)
	0.85 (0.71,1.01)
	0.43 (0.23,0.81)
	0.013
	

	No
	3409/18382 (18.55)
	1.00 
	1.02 (0.92,1.13)
	0.91 (0.81,1.01)
	0.63 (0.46,0.85)
	0.002
	

	Stroke, n (%)
	
	
	
	
	
	
	0.791

	Yes
	673/2767
 (24.44)
	1.00 
	1.21 (0.98,1.48)
	0.87 (0.69,1.11)
	0.58 (0.30,1.13)
	0.255
	

	No
	3913/21933
(17.84)
	1.00 
	0.99 (0.90,1.09)
	0.89 (0.80,0.98)
	0.65 (0.48,0.87)
	0.002
	

	Coronary artery disease, n (%)
	
	
	
	
	
	
	0.276

	Yes
	242/1443 

(16.77)
	1.00 
	0.70 (0.46,1.09)
	0.91 (0.62,1.33)
	0.99 (0.36,2.71)
	0.413
	

	No
	4344/23257(18.68)
	1.00 
	1.04 (0.96,1.14)
	0.89 (0.81,0.98)
	0.62 (0.47,0.82)
	0.002
	

	Cancer, n (%)
	
	
	
	
	
	
	0.117

	Yes
	331/1324
(25.00)
	1.00 
	1.10 (0.82,1.47)
	0.73 (0.50,1.06)
	1.01 (0.52,1.95)
	0.327
	

	No
	4255/23376
(18.20)
	1.00 
	1.02 (0.94,1.12)
	0.90 (0.82,0.99)
	0.59 (0.44,0.80)
	0.002
	

	Depression, n (%)
	
	
	
	
	
	
	0.996

	Yes
	264/959

(27.53)
	1.00 
	1.09 (0.76,1.54)
	0.85 (0.57,1.26)
	0.52 (0.13,2.12)
	0.370
	

	No
	4322/23741
(13.56)
	1.00 
	1.02 (0.94,1.11)
	0.89 (0.81,0.98)
	0.64 (0.49,0.84)
	0.001
	

	Calcium supplementation, n (%)
	
	
	
	
	
	
	0.031

	Yes
	656/921
(71.23)
	1.00 
	1.16 (0.92,1.47)
	0.86 (0.67,1.12)
	1.29 (0.68,2.47)
	0.779
	

	No
	3930/23779
(16.78)
	1.00 
	1.00 (0.91,1.10)
	0.89 (0.80,0.98) 
	0.55 (0.41,0.74)
	<0.001
	

	Vitamin D supplementation, n (%)
	
	
	
	
	
	
	0.059

	Yes
	629/890
(71.67)
	1.00 
	1.20 (0.95,1.51)
	1.10 (0.83,1.45)
	0.70 (0.35,1.43)
	0.629
	

	No
	3957/23810
(16.62)
	1.00 
	1.00 (0.91,1.09)
	0.87 (0.79,0.94)
	0.66 (0.49,0.88) 
	<0.001
	

	Hormone medication, n (%)
	
	
	
	
	
	
	0.760

	Yes
	181/717

(25.24)
	1.00 
	0.74 (0.43,1.27) 


	1.26 (0.78,2.04)


	0.34 (0.43,1.54)


	0.671
	

	No
	4405/23983
(18.37)
	1.00 
	1.03 (0.95,1.13)
	0.88 (0.81,0.97)
	0.65 (0.49,0.85)
	0.002
	


a: due to inadequate sample size for specific hazard ratio and 95% confidence interval analysis, the specific number of incidents of osteoporosis and the total number of subjects will be presented as No. of incident osteoporosis/No. of subjects.
Cox proportional hazards models adjusted for age, sex, body mass index, waist, smoking status, drinking status, educational attainment, hypertension, diabetes mellitus, dyslipidemia, stroke, coronary artery disease, cancer, depression, calcium supplementation use, vitamin D supplementation use, and hormone medication use at baseline. 
Each of the else groups were adjusted for all covariates expect itself.
Supplementary Table 8. Sensitivity analyses of association between outdoor walking and risk of osteoporosis (excluding individuals with hypertension, coronary artery disease, diabetes mellitus, stroke, cancer, depression, and dyslipidemia)

	
	No. of incident osteoporosis/No. of subjects (%)
	Duration of daily outdoor walking, minutes/day 

	
	
	None
	≤30
	＞30 and ≤60
	＞60

	All participants
	4586/24700
(18.57)
	1.00 
	1.03 (0.95, 1.12)
	0.89 (0.81, 0.98)
	0.62 (0.47, 0.82)

	 p value
	
	
	0.457
	0.016
	0.001

	Exclude participants 
with hypertension
	1326/10754
(12.33)
	1.00 
	0.84 (0.71,1.00)
	0.61 (0.50,0.69)


	0.42 (0.25,0.71)



	p value
	
	
	0.046
	<0.001
	0.001

	Further exclude participants 
with coronary artery disease
	1252/101201
(12.37)
	1.00 
	0.88 (0.74,1.04)


	0.62 (0.51,0.75)


	0.44 (0.26,0.74)



	p value
	
	
	0.131
	<0.001
	0.002

	Further exclude participants 
with diabetes mellitus
	908/7952
(11.42)
	1.00 
	0.86 (0.75,1.13)


	0.65 (0.51,0.81)


	0.34 (0.17,0.68)



	p value
	
	
	0.413
	<0.001
	0.002

	Further exclude participants 
with stroke
	842/7537
(11.17)
	1.00 
	0.87 (0.70,1.07)


	0.65 (0.51,0.82)


	0.28 (0.12,0.62)



	p value
	
	
	0.544
	<0.001
	0.002

	Further exclude participants 
with cancer
	779/7184
(10.84)
	1.00
	0.87 (0.70,1.08)

	0.65 (0.51,0.83)

	0.26 (0.11,0.62)


	p value
	
	
	0.468
	<0.001
	0.002

	Further exclude participants 
with depression
	746/7009 (10.64)
	1.00
	0.88 (0.71,1.11)


	0.68 (0.53,0.87)


	0.26 (0.11,0.63)



	p value
	
	
	0.547
	0.002
	0.003

	Further exclude participants 
with dyslipidemia
	593/5517
(10.75)
	1.00
	0.84 (0.65,1.09)

	0.69 (0.52,0.91)


	0.29 (0.11,0.77)


	p value
	
	
	0.189
	0.009
	0.013


Cox proportional hazards models adjusted for age, sex, body mass index, waist, smoking status, drinking status, educational attainment, hypertension, diabetes mellitus, dyslipidemia, stroke, coronary artery disease, cancer, depression, calcium supplementation use, vitamin D supplementation use, and hormone medication use at baseline. 
Supplementary Table 9. Sensitivity analyses of association between outdoor walking and risk of osteoporosis (excluding individuals with vitamin D supplementation use, and calcium supplementation use)

	
	No. of incident osteoporosis/No. of subjects (%)
	Duration of daily outdoor walking, minutes/day 

	
	
	None
	≤30
	＞30 and ≤60
	＞60

	All participants
	4586/24700
(18.57)
	1.00 
	1.03 (0.95, 1.12)
	0.89 (0.81, 0.98)
	0.62 (0.47, 0.82)

	p value
	
	
	0.457
	0.016
	0.001

	Further exclude participants 
with vitamin D supplementation use
	3957/23810
(16.62)
	1.00 
	0.98 (0.90,1.08)

	0.87 (0.79,0.96)

	0.61 (0.45,0.82)



	p value
	
	
	0.940
	0.005
	0.001

	Further exclude participants 
with calcium supplementation use
	3445/23067
(14.93)
	1.00 
	0.98 (0.89,1.08)

	0.88 (0.80,0.98)

	0.58 (0.42,0.81)


	p value
	
	
	0.667
	0.022
	0.001


Cox proportional hazards models adjusted for age, sex, body mass index, waist, educational attainment, smoking status, drinking status, hypertension, diabetes mellitus, dyslipidemia, stroke, coronary artery disease, cancer, depression, and hormone medication use at baseline. 
Supplementary Table 10. Sensitivity analyses of association between outdoor walking and risk of osteoporosis (excluding individuals with hormone medication use)
	
	No. of incident osteoporosis/No. of subjects (%)
	Duration of daily outdoor walking, minutes/day

	
	
	None
	≤30
	＞30 and ≤60
	＞60

	All participants
	4586/24700
(18.57)
	1.00 
	1.03 (0.95, 1.12)
	0.89 (0.81, 0.98)
	0.62 (0.47, 0.82)

	p value
	
	
	0.457
	0.016
	0.001

	Further exclude participants 
with hormone medication use
	3336/22464
(14.85)
	1.00 
	0.99 (0.90,1.09)

	0.88 (0.81,0.97)

	0.60 (0.43,0.83)


	p value
	
	
	0.391
	0.024
	0.002


Cox proportional hazards models adjusted for age, sex, body mass index, waist, educational attainment, smoking status, drinking status, hypertension, diabetes mellitus, dyslipidemia, stroke, coronary artery disease, cancer, depression, calcium supplementation use, and vitamin D supplementation use at baseline. 
Supplementary Table 11. Association between outdoor walking and risk of osteoporosis among male individualsa
	
	Duration of daily outdoor walking, minutes/day
	p trend

	
	None
	≤30
	＞30 and ≤60
	＞60
	

	No. of incident osteoporosis/No. of subjects
	1276/7685
	310/1882
	249/1985
	28/334
	

	Incident rate per 100 persons
	16.60
	16.47
	12.54
	8.38
	

	Model 1
	1.00 
	1.00 (0.88,1.13)
	0.80 (0.70,0.92)
	0.57 (0.39,0.81)
	＜0.001

	Model 2
	1.00 
	1.01 (0.96,1.25)
	0.83 (0.72,0.94)
	0.61 (0.42,0.88)
	0.003

	Model 3
	1.00 
	1.10 (0.97,1.25)
	0.84 (0.73,0.97)
	0.58 (0.33,0.99)
	0.001


an=11,886. 

Model 1: no adjustment. 
Model 2: adjusted for age, sex, body mass index, waist, educational attainment, smoking status, drinking status, hypertension, diabetes mellitus, dyslipidemia, stroke, coronary artery disease, cancer, and depression, calcium supplementation use, vitamin D supplementation use, and hormone medication use.

Model 3: adjusted for Model 2 plus genetic risk score, the first 10 primary components of ancestry, and genotype measurements batches. In model 3, only 6,454 subjects were included in the analysis, because 5,432 subjects were lack of osteoporosis-genetic risk score.

Supplementary Table 12. Association between outdoor walking and risk of osteoporosis among female individualsa
	
	Duration of daily outdoor walking, minutes/day
	p trend

	
	None
	≤30
	＞30 and ≤60
	＞60
	

	No. of incident osteoporosis/No. of subjects
	1968/8806
	406/1958
	321/1829
	28/221
	

	Incident rate per 100 persons
	22.34
	20.74
	17.55
	12.67
	

	Model 1
	1.00 
	0.91 (0.82,1.02)
	0.82 (0.73,0.92)
	0.59 (0.41,0.86)
	＜0.001

	Model 2
	1.00 
	0.99 (0.88,1.10)
	0.93 (0.82,1.05)
	0.68 (0.45,1.00)
	0.069

	Model 3
	1.00 
	0.96 (0.82,1.13)
	0.93 (0.78,1.10)
	0.63 (0.34,1.18)
	0.159


an=12,814. 

Model 1: no adjustment. 
Model 2: adjusted for age, sex, body mass index, waist, educational attainment, smoking status, drinking status, hypertension, diabetes mellitus, dyslipidemia, stroke, coronary artery disease, cancer, and depression, calcium supplementation use, vitamin D supplementation use, and hormone medication use.

Model 3: adjusted for Model 2 plus genetic risk score, the first 10 primary components of ancestry, and genotype measurements batches. In model 3, only 6,973 subjects were included in the analysis, because 5,913 subjects were lack of osteoporosis-genetic risk score.

