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Table S1 Missing data proportions for study variables before multiple imputation
	Variable
	Missing Count
	Missing Percentage (%)

	T2DM
	37
	0.50

	Culture
	15
	0.20

	Marry
	13
	0.18

	BMI
	13
	0.18

	HTN
	8
	0.11

	Income
	1
	0.01


HTN: Hypertension, T2DM: Type 2 Diabetes Mellitus 


Table S2 Baseline characteristics of participants with and without bone mineral density (BMD) measurements
	Variables
	Without BMD measurements (n = 19981)
	With BMD measurements (n =8647)
	P

	[bookmark: OLE_LINK143]Age (years, mean ± SD)
	59.39 ± 12.36
	60.62 ± 10.38
	<0.001

	Gender，n (%)  
	
	
	0.009

	 Men
	7582 (37.95)
	3141 (36.32)
	

	 Women
	12399 (62.05)
	5506 (63.68)
	

	[bookmark: OLE_LINK144]Educational Level，n (%)    
	
	
	<0.001

	Elementary school or below
	8848 (44.28)
	4323 (49.99)
	

	Junior high school
	7557 (37.82)
	3368 (38.95)
	

	Senior high school or above
	3533 (17.68)
	937 (10.84)
	

	Average monthly income, n (%)
	
	
	<0.001

	＜500 RMB
	5996 (30.01)
	2970 (34.35)
	

	500~1000 RMB
	5256 (26.30)
	2333 (26.98)
	

	≥1000 RMB
	8594 (43.01)
	3339 (38.61)
	

	Marital status, n (%)
	
	
	<0.001

	Married/cohabiting
	17286 (86.51)
	7674 (88.75)
	

	Unmarried/divorced/widowed
	2640 (13.21)
	958 (11.08)
	

	Smoking status, n (%)
	
	
	0.015

	Never
	15019 (75.17)
	6639 (76.78)
	

	 Former
	1628 (8.15)
	665 (7.69)
	

	 Current
	3329 (16.66)
	1343 (15.53)
	

	Drinking status, n (%)
	
	
	<0.001

	 Never
	15881 (79.48)
	7007 (81.03)
	

	 Former
	995 (4.98)
	463 (5.35)
	

	 Current
	3098 (15.50)
	1177 (13.61)
	

	BMI (kg/m2, mean ± SD)
	24.97 ± 3.61
	24.41 ± 3.42
	<0.001

	Menopause, n (%)
	9225 (46.17)
	4388 (50.75)
	<0.001


BMI, body mass index; BMD, bone mineral density; MVPA, moderate-to-vigorous physical activity


[bookmark: OLE_LINK180]Table S3 Stratified analysis of the association between daytime napping and risk of osteoporosis
	[bookmark: _Hlk232972332]Duration (h)
	Men
	Women
	Postmenopausal women

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Daytime napping
	
	
	
	
	
	

	<0.5
	Reference
	
	Reference
	
	Reference
	

	0.5~1
	1.20 (0.93, 1.54)
	0.156
	1.39 (1.16, 1.68)
	< 0.001
	1.42 (1.17, 1.73)
	< 0.001

	>1
	1.01 (0.76, 1.35)
	0.934
	1.39 (1.13, 1.71)
	0.002
	1.38 (1.11, 1.71)
	0.003


The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.



[bookmark: OLE_LINK181]Table S4 The isotemporal substitution effect of different movement behaviors on osteoporosis risk (30 min substitution)
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Men
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.03 (0.99, 1.07)
	0.102
	0.95 (0.90, 1.01)
	0.122
	1.02 (1.01, 1.04)
	0.003
	0.89 (0.85, 0.93)
	< 0.001
	1.00 (0.99, 1.02)
	0.745

	Partition Model
	1.10 (1.04, 1.17)
	0.001
	1.03 (0.95, 1.12)
	0.441
	1.09 (1.03, 1.15)
	0.002
	0.96 (0.90, 1.03)
	0.274
	1.08 (1.02, 1.14)
	0.006

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.94 (0.87, 1.01)
	0.082
	0.99 (0.95, 1.03)
	0.574
	0.87 (0.83, 0.93)
	< 0.001
	0.98 (0.94, 1.02)
	0.337

	Daytime napping
	1.07 (0.99, 1.15)
	0.082
	—
	—
	1.06 (0.99, 1.12)
	0.080
	0.93 (0.87, 1.00)
	0.065
	1.05 (0.99, 1.11)
	0.141

	Sedentary behavior
	1.01 (0.97, 1.05)
	0.574
	0.95 (0.89, 1.01)
	0.080
	—
	—
	0.88 (0.85, 0.92)
	< 0.001
	0.99 (0.98, 1.01)
	0.308

	Walk
	1.14 (1.08, 1.21)
	< 0.001
	1.07 (1.00, 1.15)
	0.065
	1.13 (1.08, 1.18)
	< 0.001
	—
	—
	1.12 (1.07, 1.17)
	< 0.001

	MVPA
	1.02 (0.98, 1.06)
	0.337
	0.96 (0.90, 1.02)
	0.141
	1.01 (0.99, 1.03)
	0.308
	0.89 (0.85, 0.93)
	< 0.001
	—
	—

	Women
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.05 (1.02, 1.08)
	< 0.001
	1.03 (0.98, 1.07)
	0.220
	1.01 (0.99, 1.02)
	0.407
	0.92 (0.90, 0.95)
	< 0.001
	1.01 (0.99, 1.02)
	0.305

	Partition Model
	1.09 (1.05, 1.13)
	< 0.001
	1.08 (1.02, 1.14)
	0.007
	1.06 (1.02, 1.09)
	0.003
	0.97 (0.93, 1.02)
	0.280
	1.06 (1.02, 1.10)
	0.003

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.99 (0.94, 1.04)
	0.704
	0.97 (0.94, 1.00)
	0.061
	0.89 (0.86, 0.93)
	< 0.001
	0.97 (0.94, 1.00)
	0.045

	Daytime napping
	1.01 (0.96, 1.07)
	0.704
	—
	—
	0.98 (0.94, 1.02)
	0.304
	0.90 (0.85, 0.95)
	< 0.001
	0.98 (0.94, 1.02)
	0.357

	Sedentary behavior
	1.03 (1.00, 1.07)
	0.061
	1.02 (0.98, 1.07)
	0.304
	—
	—
	0.92 (0.89, 0.95)
	< 0.001
	1.00 (0.99, 1.02)
	0.776

	Walk
	1.12 (1.07, 1.17)
	< 0.001
	1.11 (1.05, 1.17)
	< 0.001
	1.08 (1.05, 1.12)
	< 0.001
	—
	—
	1.08 (1.05, 1.12)
	< 0.001

	MVPA
	1.03 (1.00, 1.06)
	0.045
	1.02 (0.98, 1.07)
	0.357
	1.00 (0.98, 1.01)
	0.776
	0.92 (0.89, 0.95)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
Table S5 The isotemporal substitution effect of different movement behaviors on osteoporosis risk (60 min substitution)
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Men
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.06 (0.99, 1.15)
	0.102
	0.91 (0.81, 1.03)
	0.122
	1.05 (1.02, 1.08)
	0.003
	0.79 (0.72, 0.86)
	< 0.001
	1.01 (0.97, 1.04)
	0.745

	Partition Model
	1.21 (1.08, 1.36)
	0.001
	1.06 (0.91, 1.25)
	0.441
	1.18 (1.06, 1.32)
	0.002
	0.93 (0.81, 1.06)
	0.274
	1.16 (1.04, 1.30)
	0.006

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.88 (0.76, 1.02)
	0.082
	0.98 (0.90, 1.06)
	0.574
	0.77 (0.68, 0.86)
	< 0.001
	0.96 (0.89, 1.04)
	0.337

	Daytime napping
	1.14 (0.98, 1.32)
	0.082
	—
	—
	1.11 (0.99, 1.26)
	0.080
	0.87 (0.75, 1.01)
	0.065
	1.09 (0.97, 1.23)
	0.141

	Sedentary behavior
	1.02 (0.95, 1.11)
	0.574
	0.90 (0.80, 1.01)
	0.080
	—
	—
	0.78 (0.72, 0.85)
	< 0.001
	0.98 (0.95, 1.02)
	0.308

	Walk
	1.31 (1.17, 1.46)
	< 0.001
	1.15 (0.99, 1.33)
	0.065
	1.28 (1.17, 1.39)
	< 0.001
	—
	—
	1.26 (1.15, 1.37)
	< 0.001

	MVPA
	1.04 (0.96, 1.13)
	0.337
	0.91 (0.81, 1.03)
	0.141
	1.02 (0.98, 1.05)
	0.308
	0.80 (0.73, 0.87)
	< 0.001
	—
	—

	Women
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.11 (1.05, 1.17)
	< 0.001
	1.06 (0.97, 1.15)
	0.220
	1.01 (0.99, 1.03)
	0.407
	0.85 (0.80, 0.91)
	< 0.001
	1.01 (0.99, 1.04)
	0.305

	Partition Model
	1.19 (1.10, 1.28)
	< 0.001
	1.17 (1.04, 1.30)
	0.007
	1.11 (1.04, 1.20)
	0.003
	0.95 (0.87, 1.04)
	0.280
	1.12 (1.04, 1.20)
	0.003

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.98 (0.88, 1.09)
	0.704
	0.94 (0.88, 1.00)
	0.061
	0.80 (0.73, 0.87)
	< 0.001
	0.94 (0.88, 0.99)
	0.045

	Daytime napping
	1.02 (0.92, 1.14)
	0.704
	—
	—
	0.95 (0.87, 1.04)
	0.304
	0.81 (0.73, 0.91)
	< 0.001
	0.96 (0.88, 1.05)
	0.357

	Sedentary behavior
	1.07 (0.99, 1.15)
	0.061
	1.05 (0.96, 1.14)
	0.304
	—
	—
	0.85 (0.80, 0.91)
	< 0.001
	1.00 (0.97, 1.03)
	0.776

	Walk
	1.25 (1.15, 1.36)
	< 0.001
	1.23 (1.10, 1.37)
	< 0.001
	1.17 (1.10, 1.25)
	< 0.001
	—
	—
	1.18 (1.10, 1.26)
	< 0.001

	MVPA
	1.07 (1.00, 1.13)
	0.045
	1.04 (0.95, 1.14)
	0.357
	1.00 (0.97, 1.02)
	0.776
	0.85 (0.80, 0.91)
	< 0.001
	—
	—



Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
Table S6 The isotemporal substitution effect of different movements behaviors on osteoporosis risk in postmenopausal women
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	30 min substitution
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.05 (1.02, 1.08)
	< 0.001
	1.02 (0.97, 1.07)
	0.399
	1.01 (0.99, 1.02)
	0.262
	0.93 (0.90, 0.96)
	< 0.001
	1.00 (0.99, 1.02)
	0.544

	Partition Model
	1.09 (1.05, 1.14)
	< 0.001
	1.07 (1.01, 1.13)
	0.020
	1.06 (1.02, 1.09)
	0.004
	0.98 (0.93, 1.03)
	0.362
	1.06 (1.02, 1.10)
	0.005

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.98 (0.93, 1.04)
	0.464
	0.97 (0.94, 1.00)
	0.052
	0.89 (0.86, 0.93)
	< 0.001
	0.97 (0.93, 1.00)
	0.030

	Daytime napping
	1.02 (0.97, 1.08)
	0.464
	—
	—
	0.99 (0.94, 1.03)
	0.558
	0.91 (0.86, 0.97)
	0.002
	0.99 (0.94, 1.03)
	0.546

	Sedentary behavior
	1.04 (1.00, 1.08)
	0.052
	1.01 (0.97, 1.06)
	0.558
	—
	—
	0.93 (0.90, 0.96)
	< 0.001
	1.00 (0.98, 1.01)
	0.922

	Walk
	1.12 (1.07, 1.17)
	< 0.001
	1.09 (1.03, 1.16)
	0.002
	1.08 (1.04, 1.12)
	< 0.001
	—
	—
	1.08 (1.04, 1.12)
	< 0.001

	MVPA
	1.04 (1.00, 1.07)
	0.030
	1.01 (0.97, 1.06)
	0.546
	1.00 (0.99, 1.02)
	0.922
	0.93 (0.90, 0.96)
	< 0.001
	—
	—

	60 min substitution
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.11 (1.05, 1.17)
	< 0.001
	1.04 (0.95, 1.14)
	0.399
	1.01 (0.99, 1.04)
	0.262
	0.86 (0.80, 0.92)
	< 0.001
	1.01 (0.98, 1.04)
	0.544

	Partition Model
	1.19 (1.10, 1.29)
	< 0.001
	1.15 (1.02, 1.28)
	0.020
	1.11 (1.04, 1.20)
	0.004
	0.96 (0.87, 1.05)
	0.362
	1.11 (1.03, 1.20)
	0.005

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.96 (0.86, 1.07)
	0.464
	0.93 (0.87, 1.00)
	0.052
	0.80 (0.73, 0.87)
	< 0.001
	0.93 (0.87, 0.99)
	0.030

	Daytime napping
	1.04 (0.93, 1.17)
	0.464
	—
	—
	0.97 (0.89, 1.07)
	0.558
	0.83 (0.75, 0.93)
	0.002
	0.97 (0.89, 1.07)
	0.546

	Sedentary behavior
	1.07 (0.99, 1.14)
	0.052
	1.03 (0.94, 1.13)
	0.558
	—
	—
	0.86 (0.80, 0.92)
	< 0.001
	1.00 (0.97, 1.03)
	0.922

	Walk
	1.25 (1.14, 1.36)
	< 0.001
	1.20 (1.07, 1.34)
	0.002
	1.17 (1.09, 1.24)
	< 0.001
	—
	—
	1.16 (1.09, 1.25)
	< 0.001

	MVPA
	1.07 (1.01, 1.14)
	0.030
	1.03 (0.94, 1.13)
	0.546
	1.00 (0.97, 1.03)
	0.922
	0.86 (0.80, 0.92)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
[bookmark: OLE_LINK25]Table S7 Associations between different movement behaviors and osteoporosis risk: analysis excluding individuals with BMI <18.5
	[bookmark: OLE_LINK24]Duration (h)
	Men
	Women
	Postmenopausal women

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Nocturnal sleep
	
	
	
	
	
	

	<6
	1.25 (0.89, 1.76)
	0.195
	0.89 (0.71, 1.12)
	0.322
	0.87 (0.68, 1.10)
	0.233

	6~8
	Reference
	
	Reference
	
	Reference
	

	>8
	1.27 (1.02, 1.59)
	0.035
	1.22 (1.03, 1.44)
	0.020
	1.23 (1.03, 1.46)
	0.021

	Daytime napping
	
	
	
	
	
	

	0
	Reference
	
	Reference
	
	Reference
	

	~1
	1.29 (0.97, 1.70)
	0.076
	1.13 (0.93, 1.36)
	0.210
	1.16 (0.95, 1.40)
	0.147

	>1
	0.95 (0.70, 1.29)
	0.759
	1.13 (0.91, 1.40)
	0.264
	1.13 (0.91, 1.41)
	0.267

	Sedentary behavior
	
	
	
	
	
	

	T1
	Reference
	
	Reference
	
	Reference
	

	T2
	1.33 (0.96, 1.82)
	0.082
	1.12 (0.89, 1.39)
	0.335
	1.19 (0.95, 1.49)
	0.131

	T3
	1.52 (1.00, 2.31)
	0.050
	1.07 (0.80, 1.42)
	0.655
	1.16 (0.86, 1.56)
	0.338

	Walking
	
	
	
	
	
	

	T1
	Reference
	
	Reference
	
	Reference
	

	T2
	0.94 (0.75, 1.19)
	0.625
	0.91 (0.76, 1.08)
	0.278
	0.90 (0.75, 1.09)
	0.279

	T3
	0.59 (0.45, 0.78)
	< 0.001
	0.72 (0.59, 0.86)
	< 0.001
	0.74 (0.61, 0.89)
	0.002

	MVPA
	
	
	
	
	
	

	T1
	Reference
	
	Reference
	
	Reference
	

	T2
	1.15 (0.88, 1.49)
	0.301
	1.08 (0.90, 1.31)
	0.404
	1.02 (0.84, 1.25)
	0.837

	T3
	1.31 (0.87, 1.98)
	0.202
	1.08 (0.80, 1.45)
	0.608
	1.14 (0.86, 1.50)
	0.364


[bookmark: OLE_LINK190]The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.

Table S8 Associations between different movement behaviors and osteoporosis risk: analysis excluding individuals with hypertension and type 2 diabetes
	Duration (h)
	Men
	Women
	Postmenopausal women

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Nocturnal sleep
	
	
	
	
	
	

	<6
	1.18 (0.84, 1.65)
	0.339
	0.87 (0.69, 1.10)
	0.261
	0.85 (0.67, 1.08)
	0.189

	6~8
	Reference
	
	Reference
	
	Reference
	

	>8
	1.32 (1.06, 1.65)
	0.014
	1.27 (1.07, 1.51)
	0.006
	1.27 (1.07, 1.52)
	0.008

	Daytime napping
	
	
	
	
	
	

	0
	Reference
	
	Reference
	
	
	

	~1
	1.25 (0.95, 1.65)
	0.116
	1.17 (0.97, 1.42)
	0.104
	1.19 (0.97, 1.45)
	0.088

	>1
	0.97 (0.71, 1.30)
	0.817
	1.25 (1.01, 1.56)
	0.040
	1.25 (1.00, 1.56)
	0.053

	Sedentary behavior
	
	
	
	
	
	

	T1
	Reference
	
	Reference
	
	Reference
	

	T2
	1.27 (0.93, 1.74)
	0.131
	1.19 (0.95, 1.49)
	0.134
	1.21 (0.96, 1.52)
	0.103

	T3
	1.53 (1.01, 2.31)
	0.046
	1.19 (0.88, 1.61)
	0.248
	1.23 (0.91, 1.66)
	0.185

	Walking
	
	
	
	
	
	

	T1
	Reference
	
	Reference
	
	
	

	T2
	0.94 (0.74, 1.19)
	0.609
	0.94 (0.78, 1.13)
	0.484
	0.93 (0.77, 1.12)
	0.446

	T3
	0.57 (0.43, 0.75)
	< 0.001
	0.75 (0.62, 0.91)
	0.003
	0.75 (0.62, 0.92)
	0.005

	MVPA
	
	
	
	
	
	

	T1
	Reference
	
	Reference
	
	Reference
	

	T2
	1.23 (0.95, 1.60)
	0.119
	1.14 (0.94, 1.38)
	0.190
	1.07 (0.87, 1.32)
	0.516

	T3
	1.29 (0.85, 1.94)
	0.226
	1.22 (0.90, 1.66)
	0.190
	1.23 (0.93, 1.64)
	0.146


The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
Table S9 Sensitivity analyses of isotemporal substitution models for movement behaviors and osteoporosis risk based on 24-hour time normalization (30 min substitution)
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Men
	
	
	
	
	
	
	
	
	
	

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.94 (0.87, 1.01)
	0.076
	0.99 (0.95, 1.03)
	0.514
	0.88 (0.83, 0.92)
	<0.001
	0.98 (0.94, 1.02)
	0.311

	Daytime napping
	1.07 (0.99, 1.14)
	0.076
	—
	—
	1.05 (0.99, 1.12)
	0.084
	0.93 (0.87, 1.00)
	0.056
	1.04 (0.99, 1.11)
	0.141

	Sedentary behavior
	1.01 (0.97, 1.05)
	0.514
	0.95 (0.90, 1.01)
	0.084
	—
	—
	0.89 (0.85, 0.92)
	<0.001
	0.99 (0.98, 1.01)
	0.352

	Walk
	1.14 (1.08, 1.21)
	<0.001
	1.07 (1.00, 1.15)
	0.056
	1.13 (1.08, 1.18)
	<0.001
	—
	—
	1.12 (1.07, 1.17)
	<0.001

	MVPA
	1.02 (0.98, 1.06)
	0.311
	0.96 (0.90, 1.01)
	0.141
	1.01 (0.99, 1.02)
	0.352
	0.89 (0.86, 0.93)
	<0.001
	—
	—

	Women
	
	
	
	
	
	
	
	
	
	

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.99 (0.94, 1.04)
	0.655
	0.97 (0.92,1.03)
	0.081
	0.90 (0.86, 0.93)
	<0.001
	0.97 (0.94, 1.00)
	0.033

	Daytime napping
	1.01 (0.96, 1.07)
	0.655
	—
	—
	0.98 (0.94, 1.02)
	0.325
	0.91 (0.86, 0.95)
	<0.001
	0.98 (0.94, 1.02)
	0.370

	Sedentary behavior
	1.03 (0.99, 1.08)
	0.081
	1.02 (0.98, 1.07)
	0.325
	—
	—
	0.93 (0.90, 0.95)
	<0.001
	1.00 (0.99, 1.01)
	0.822

	Walk
	1.12 (1.07, 1.16)
	<0.001
	1.10 (1.05, 1.16)
	<0.001
	1.08 (1.05, 1.11)
	<0.001
	—
	—
	1.08 (1.05, 1.12)
	<0.001

	MVPA
	1.03 (1.00, 1.06)
	0.033
	1.02 (0.98, 1.06)
	0.370
	1.00 (0.99, 1.01)
	0.822
	0.92 (0.90, 0.95)
	<0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.


Table S10 Sensitivity analyses of isotemporal substitution models for movement behaviors and osteoporosis risk based on 24-hour time normalization (60 min substitution)
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Men
	
	
	
	
	
	
	
	
	
	

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.88 (0.76, 1.01)
	0.076
	0.97 (0.90, 1.05)
	0.514
	0.77 (0.69, 0.85)
	< 0.001
	0.96 (0.89, 1.04)
	0.311

	Daytime napping
	1.14 (0.99, 1.31)
	0.076
	—
	—
	1.11 (0.99, 1.24)
	0.084
	0.87 (0.76, 1.00)
	0.056
	1.09 (0.97, 1.23)
	0.141

	Sedentary behavior
	1.03 (0.95, 1.11)
	0.514
	0.90 (0.80, 1.01)
	0.084
	—
	—
	0.79 (0.72, 0.85)
	< 0.001
	0.99 (0.95, 1.02)
	0.352

	Walk
	1.30 (1.17, 1.45)
	< 0.001
	1.15 (1.00, 1.32)
	0.056
	1.27 (1.17, 1.38)
	< 0.001
	—
	—
	1.25 (1.15, 1.36)
	< 0.001

	MVPA
	1.04 (0.96, 1.13)
	0.311
	0.92 (0.82, 1.03)
	0.141
	1.02 (0.98, 1.05)
	0.352
	0.80 (0.73, 0.87)
	< 0.001
	—
	—

	Women
	
	
	
	
	
	
	
	
	
	

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.98 (0.88, 1.08)
	0.655
	0.94 (0.89, 1.00)
	0.081
	0.80 (0.74, 0.87)
	< 0.001
	0.94 (0.89, 0.99)
	0.033

	Daytime napping
	1.02 (0.92, 1.14)
	0.655
	—
	—
	0.96 (0.88, 1.04)
	0.325
	0.82 (0.74, 0.91)
	< 0.001
	0.96 (0.88, 1.05)
	0.370

	Sedentary behavior
	1.07 (0.89, 1.13)
	0.081
	1.04 (0.96, 1.13)
	0.325
	—
	—
	0.86 (0.81, 0.91)
	< 0.001
	1.00 (0.98, 1.03)
	0.822

	Walk
	1.25 (1.15, 1.35)
	< 0.001
	1.22 (1.10, 1.35)
	< 0.001
	1.17 (1.10, 1.24)
	< 0.001
	—
	—
	1.17 (1.10, 1.25)
	< 0.001

	MVPA
	1.06 (1.01, 1.13)
	0.033
	1.04 (0.95, 1.13)
	0.370
	1.00 (0.97, 1.02)
	0.822
	0.85 (0.80, 0.91)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.


Table S11 Sensitivity analyses of isotemporal substitution models for movement behaviors and osteoporosis risk in postmenopausal women based on 24-hour time normalization
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	30 min substitution
	
	
	
	
	
	
	
	
	
	

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.98 (0.93, 1.03)
	0.429
	0.97 (0.93, 1.06)
	0.081
	0.90 (0.86, 0.93)
	<0.001
	0.97 (0.94, 1.00)
	0.022

	Daytime napping
	1.02 (0.97, 1.08)
	0.429
	—
	—
	0.99 (0.95, 1.03)
	0.584
	0.92 (0.87, 0.97)
	0.002
	0.99 (0.94, 1.03)
	0.561

	Sedentary behavior
	1.03 (0.97, 1.06)
	0.081
	1.01 (0.97, 1.06)
	0.584
	—
	—
	0.93 (0.90, 0.96)
	<0.001
	1.00 (0.99, 1.01)
	0.884

	Walk
	1.11 (1.07, 1.16)
	<0.001
	1.09 (1.03, 1.15)
	0.002
	1.08 (1.04, 1.11)
	<0.001
	—
	—
	1.08 (1.04, 1.11)
	<0.001

	MVPA
	1.04 (1.00, 1.07)
	0.022
	1.01 (0.97, 1.06)
	0.561
	1.00 (0.99, 1.02)
	0.884
	0.93 (0.90, 0.96)
	<0.001
	—
	—

	60 min substitution
	
	
	
	
	
	
	
	
	
	

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.96 (0.86, 1.07)
	0.429
	0.93 (0.88, 1.02)
	0.081
	0.80 (0.74, 0.87)
	< 0.001
	0.93 (0.88, 0.99)
	0.022

	Daytime napping
	1.04 (0.94, 1.16)
	0.429
	—
	—
	0.98 (0.89, 1.06)
	0.584
	0.84 (0.75, 0.94)
	0.002
	0.97 (0.89, 1.06)
	0.561

	Sedentary behavior
	1.07 (0.99, 1.13)
	0.081
	1.02 (0.94, 1.12)
	0.584
	—
	—
	0.86 (0.81, 0.92)
	< 0.001
	1.00 (0.97, 1.03)
	0.884

	Walk
	1.24 (1.14, 1.35)
	< 0.001
	1.19 (1.07, 1.33)
	0.002
	1.16 (1.09, 1.24)
	< 0.001
	—
	—
	1.16 (1.09, 1.24)
	< 0.001

	MVPA
	1.07 (1.01, 1.14)
	0.022
	1.03 (0.94, 1.12)
	0.561
	1.00 (0.97, 1.03)
	0.884
	0.86 (0.81, 0.92)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.


Table S12 The isotemporal substitution effect of different movements behaviors on osteoporosis risk: Analysis excluding individuals with BMI <18.5 (30 min substitution)
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Men
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.02 (0.98, 1.06)
	0.285
	0.95 (0.90, 1.01)
	0.131
	1.02 (1.01, 1.04)
	0.005
	0.89 (0.86, 0.93)
	< 0.001
	1.00 (0.99, 1.02)
	0.646

	Partition Model
	1.10 (1.03, 1.17)
	0.003
	1.04 (0.96, 1.13)
	0.320
	1.10 (1.04, 1.16)
	0.001
	0.98 (0.91, 1.05)
	0.553
	1.09 (1.03, 1.15)
	0.003

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.95 (0.88, 1.02)
	0.166
	1.00 (0.96, 1.04)
	0.963
	0.89 (0.84, 0.94)
	< 0.001
	0.99 (0.95, 1.03)
	0.684

	Daytime napping
	1.05 (0.98, 1.14)
	0.166
	—
	—
	1.05 (0.99, 1.12)
	0.097
	0.94 (0.87, 1.01)
	0.101
	1.05 (0.98, 1.11)
	0.158

	Sedentary behavior
	1.00 (0.96, 1.04)
	0.963
	0.95 (0.89, 1.01)
	0.097
	—
	—
	0.89 (0.85, 0.93)
	< 0.001
	0.99 (0.98, 1.01)
	0.362

	Walk
	1.12 (1.06, 1.19)
	< 0.001
	1.07 (0.99, 1.15)
	0.101
	1.12 (1.07, 1.17)
	< 0.001
	—
	—
	1.11 (1.07, 1.16)
	< 0.001

	MVPA
	1.01 (0.97, 1.05)
	0.684
	0.96 (0.90, 1.02)
	0.158
	1.01 (0.99, 1.02)
	0.362
	0.90 (0.86, 0.94)
	< 0.001
	—
	—

	Women
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.05 (1.02, 1.08)
	< 0.001
	1.02 (0.98, 1.07)
	0.325
	1.00 (0.99, 1.02)
	0.450
	0.93 (0.90, 0.96)
	< 0.001
	1.01 (0.99, 1.02)
	0.317

	Partition Model
	1.08 (1.04, 1.13)
	< 0.001
	1.07 (1.01, 1.13)
	0.021
	1.05 (1.01, 1.09)
	0.009
	0.97 (0.93, 1.02)
	0.253
	1.05 (1.01, 1.09)
	0.008

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.99 (0.93, 1.04)
	0.636
	0.97 (0.94, 0.99)
	0.057
	0.90 (0.86, 0.94)
	< 0.001
	0.97 (0.94, 1.00)
	0.063

	Daytime napping
	1.01 (0.96, 1.07)
	0.636
	—
	—
	0.98 (0.94, 1.03)
	0.418
	0.91 (0.86, 0.96)
	< 0.001
	0.98 (0.94, 1.03)
	0.479

	Sedentary behavior
	1.03 (1.00, 1.06)
	0.057
	1.02 (0.97, 1.07)
	0.418
	—
	—
	0.93 (0.90, 0.96)
	< 0.001
	1.00 (0.99, 1.02)
	0.778

	Walk
	1.11 (1.07, 1.16)
	< 0.001
	1.10 (1.04, 1.16)
	< 0.001
	1.08 (1.04, 1.11)
	< 0.001
	—
	—
	1.08 (1.05, 1.12)
	< 0.001

	MVPA
	1.03 (1.00, 1.06)
	0.063
	1.02 (0.97, 1.06)
	0.479
	1.00 (0.98, 1.01)
	0.778
	0.93 (0.89, 0.96)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
Table S13 The isotemporal substitution effect of different movements behaviors on osteoporosis risk: Analysis excluding individuals with hypertension and type 2 diabetes (30 min substitution)
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Men
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.06 (1.01, 1.11)
	0.020
	0.97 (0.90, 1.05)
	0.460
	1.02 (1.00, 1.04)
	0.072
	0.90 (0.86, 0.95)
	< 0.001
	1.00 (0.98, 1.02)
	0.804

	Partition Model
	1.10 (1.03, 1.18)
	0.008
	1.02 (0.92, 1.12)
	0.739
	1.06 (0.99, 1.12)
	0.082
	0.95 (0.88, 1.03)
	0.207
	1.04 (0.98, 1.11)
	0.178

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.93 (0.85, 1.02)
	0.117
	0.96 (0.92, 1.01)
	0.112
	0.87 (0.81, 0.93)
	< 0.001
	0.95 (0.90, 1.00)
	0.048

	Daytime napping
	1.08 (0.98, 1.18)
	0.117
	—
	—
	1.03 (0.96, 1.12)
	0.385
	0.93 (0.85, 1.02)
	0.142
	1.02 (0.95, 1.10)
	0.558

	Sedentary behavior
	1.04 (0.99, 1.09)
	0.112
	0.97 (0.90, 1.04)
	0.385
	—
	—
	0.90 (0.86, 0.95)
	< 0.001
	0.99 (0.97, 1.01)
	0.270

	Walk
	1.15 (1.07, 1.24)
	< 0.001
	1.07 (0.98, 1.18)
	0.142
	1.11 (1.05, 1.17)
	< 0.001
	—
	—
	1.10 (1.04, 1.16)
	< 0.001

	MVPA
	1.05 (1.00, 1.11)
	0.048
	0.98 (0.91, 1.05)
	0.558
	1.01 (0.99, 1.03)
	0.270
	0.91 (0.87, 0.96)
	< 0.001
	—
	—

	Women
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.07 (1.03, 1.11)
	< 0.001
	1.03 (0.97, 1.09)
	0.352
	1.00 (0.99, 1.02)
	0.546
	0.92 (0.89, 0.96)
	< 0.001
	1.00 (0.99, 1.02)
	0.555

	Partition Model
	1.11 (1.06, 1.17)
	< 0.001
	1.09 (1.01, 1.17)
	0.033
	1.06 (1.01, 1.12)
	0.015
	0.98 (0.92, 1.05)
	0.614
	1.06 (1.01, 1.12)
	0.019

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.98 (0.91, 1.05)
	0.499
	0.96 (0.91, 1.02)
	0.063
	0.88 (0.84, 0.93)
	< 0.001
	0.95 (0.92, 0.99)
	0.027

	Daytime napping
	1.03 (0.95, 1.10)
	0.499
	—
	—
	0.98 (0.92, 1.04)
	0.479
	0.91 (0.84, 0.97)
	0.007
	0.98 (0.92, 1.04)
	0.472

	Sedentary behavior
	1.05 (0.93, 1.09)
	0.063
	1.02 (0.96, 1.08)
	0.479
	—
	—
	0.93 (0.89, 0.96)
	< 0.001
	1.00 (0.98, 1.02)
	0.940

	Walk
	1.13 (1.07, 1.20)
	< 0.001
	1.10 (1.03, 1.18)
	0.007
	1.08 (1.04, 1.13)
	< 0.001
	—
	—
	1.08 (1.04, 1.13)
	< 0.001

	MVPA
	1.05 (1.01, 1.09)
	0.027
	1.02 (0.96, 1.08)
	0.472
	1.00 (0.98, 1.02)
	0.940
	0.93 (0.89, 0.97)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
Table S14 The isotemporal substitution effect of different movements behaviors on osteoporosis risk: Analysis excluding individuals with BMI <18.5 (60 min substitution)
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Men
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.04 (0.97, 1.13)
	0.285
	0.91 (0.81, 1.03)
	0.131
	1.05 (1.01, 1.08)
	0.005
	0.80 (0.73, 0.87)
	< 0.001
	1.01 (0.98, 1.04)
	0.646

	Partition Model
	1.21 (1.07, 1.37)
	0.003
	1.09 (0.92, 1.28)
	0.320
	1.21 (1.08, 1.35)
	0.001
	0.96 (0.83, 1.10)
	0.553
	1.19 (1.06, 1.33)
	0.003

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.90 (0.77, 1.05)
	0.166
	1.00 (0.92, 1.08)
	0.963
	0.79 (0.71, 0.89)
	< 0.001
	0.98 (0.90, 1.07)
	0.684

	Daytime napping
	1.11 (0.96, 1.29)
	0.166
	—
	—
	1.11 (0.98, 1.26)
	0.097
	0.88 (0.76, 1.02)
	0.101
	1.09 (0.97, 1.24)
	0.158

	Sedentary behavior
	1.00 (0.92, 1.09)
	0.963
	0.90 (0.80, 1.02)
	0.097
	—
	—
	0.79 (0.73, 0.87)
	< 0.001
	0.98 (0.95, 1.02)
	0.362

	Walk
	1.26 (1.12, 1.42)
	< 0.001
	1.13 (0.98, 1.32)
	0.101
	1.26 (1.15, 1.38)
	< 0.001
	—
	—
	1.24 (1.14, 1.36)
	< 0.001

	MVPA
	1.02 (0.94, 1.11)
	0.684
	0.91 (0.81, 1.04)
	0.158
	1.02 (0.98, 1.05)
	0.362
	0.81 (0.74, 0.88)
	< 0.001
	—
	—

	Women
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.10 (1.04, 1.16)
	< 0.001
	1.05 (0.96, 1.14)
	0.325
	1.01 (0.99, 1.03)
	0.450
	0.86 (0.81, 0.91)
	< 0.001
	1.01 (0.99, 1.04)
	0.317

	Partition Model
	1.17 (1.09, 1.27)
	< 0.001
	1.14 (1.02, 1.28)
	0.021
	1.10 (1.02, 1.18)
	0.009
	0.95 (0.86, 1.04)
	0.253
	1.11 (1.03, 1.19)
	0.008

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.97 (0.87, 1.09)
	0.636
	0.94 (0.88, 1.00)
	0.057
	0.81 (0.74, 0.88)
	< 0.001
	0.94 (0.88, 1.00)
	0.063

	Daytime napping
	1.03 (0.92, 1.15)
	0.636
	—
	—
	0.96 (0.88, 1.05)
	0.418
	0.83 (0.74, 0.93)
	< 0.001
	0.97 (0.88, 1.06)
	0.479

	Sedentary behavior
	1.07 (1.00, 1.13)
	0.057
	1.04 (0.95, 1.13)
	0.418
	—
	—
	0.86 (0.81, 0.92)
	< 0.001
	1.00 (0.98, 1.03)
	0.778

	Walk
	1.24 (1.14, 1.35)
	< 0.001
	1.21 (1.08, 1.35)
	< 0.001
	1.16 (1.09, 1.24)
	< 0.001
	—
	—
	1.17 (1.09, 1.25)
	< 0.001

	MVPA
	1.06 (1.00, 1.13)
	0.063
	1.03 (0.94, 1.13)
	0.479
	1.00 (0.97, 1.02)
	0.778
	0.86 (0.80, 0.91)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
[bookmark: OLE_LINK182]Table S15 The isotemporal substitution effect of different movements behaviors on osteoporosis risk: Analysis excluding individuals with hypertension and type 2 diabetes (60 min substitution)
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	Men
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.12 (1.02, 1.23)
	0.020
	0.95 (0.82, 1.10)
	0.460
	1.03 (1.00, 1.07)
	0.072
	0.82 (0.73, 0.90)
	< 0.001
	1.00 (0.96, 1.03)
	0.804

	Partition Model
	1.21 (1.05, 1.39)
	0.008
	1.03 (0.85, 1.25)
	0.739
	1.11 (0.99, 1.26)
	0.082
	0.90 (0.77, 1.06)
	0.207
	1.09 (0.96, 1.23)
	0.178

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.86 (0.71, 1.03)
	0.094
	0.92 (0.84, 1.02)
	0.100
	0.75 (0.65, 0.86)
	< 0.001
	0.90 (0.82, 1.00)
	0.043

	Daytime napping
	1.17 (0.97, 1.40)
	0.094
	—
	—
	1.08 (0.93, 1.25)
	0.334
	0.87 (0.73, 1.05)
	0.151
	1.05 (0.91, 1.23)
	0.492

	Sedentary behavior
	1.08 (0.98, 1.20)
	0.100
	0.93 (0.80, 1.08)
	0.334
	—
	—
	0.81 (0.73, 0.90)
	< 0.001
	0.98 (0.94, 1.02)
	0.277

	Walk
	1.34 (1.16, 1.54)
	< 0.001
	1.14 (0.95, 1.38)
	0.151
	1.23 (1.11, 1.37)
	< 0.001
	—
	—
	1.21 (1.08, 1.34)
	< 0.001

	MVPA
	1.11 (1.00, 1.23)
	0.043
	0.95 (0.82, 1.10)
	0.492
	1.02 (0.98, 1.06)
	0.277
	0.83 (0.75, 0.92)
	< 0.001
	—
	—

	Women
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.14 (1.06, 1.23)
	< 0.001
	1.06 (0.94, 1.18)
	0.352
	1.01 (0.98, 1.04)
	0.546
	0.85 (0.79, 0.93)
	< 0.001
	1.01 (0.98, 1.04)
	0.555

	Partition Model
	1.24 (1.11, 1.37)
	< 0.001
	1.18 (1.01, 1.37)
	0.033
	1.13 (1.02, 1.25)
	0.015
	0.97 (0.85, 1.10)
	0.614
	1.13 (1.02, 1.25)
	0.019

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.95 (0.82, 1.10)
	0.499
	0.91 (0.84, 1.02)
	0.063
	0.78 (0.70, 0.87)
	< 0.001
	0.91 (0.84, 0.99)
	0.027

	Daytime napping
	1.05 (0.91, 1.21)
	0.499
	—
	—
	0.96 (0.85, 1.08)
	0.479
	0.82 (0.71, 0.95)
	0.007
	0.96 (0.85, 1.08)
	0.472

	Sedentary behavior
	1.10 (0.98, 1.19)
	0.063
	1.04 (0.93, 1.17)
	0.479
	—
	—
	0.86 (0.79, 0.93)
	< 0.001
	1.00 (0.97, 1.03)
	0.937

	Walk
	1.28 (1.14, 1.43)
	< 0.001
	1.22 (1.05, 1.40)
	0.007
	1.17 (1.07, 1.27)
	< 0.001
	—
	—
	1.17 (1.07, 1.27)
	< 0.001

	MVPA
	1.10 (1.01, 1.19)
	0.027
	1.04 (0.93, 1.18)
	0.472
	1.00 (0.97, 1.04)
	0.937
	0.86 (0.79, 0.93)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
Table S16 The isotemporal substitution effect of different movements behaviors on osteoporosis risk in postmenopausal women: Analysis excluding individuals with BMI <18.5
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	30 min substitution
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.05 (1.02, 1.08)
	0.001
	1.01 (0.97, 1.06)
	0.534
	1.01 (0.99, 1.02)
	0.249
	0.93 (0.90, 0.96)
	< 0.001
	1.00 (0.99, 1.02)
	0.642

	Partition Model
	1.09 (1.04, 1.13)
	< 0.001
	1.06 (1.00, 1.12)
	0.048
	1.05 (1.01, 1.09)
	0.009
	0.98 (0.93, 1.03)
	0.362
	1.05 (1.01, 1.09)
	0.014

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.98 (0.92, 1.03)
	0.431
	0.97 (0.94, 1.00)
	0.081
	0.90 (0.86, 0.94)
	< 0.001
	0.97 (0.94, 1.00)
	0.043

	Daytime napping
	1.02 (0.97, 1.08)
	0.431
	—
	—
	0.99 (0.95, 1.04)
	0.699
	0.92 (0.87, 0.98)
	0.005
	0.99 (0.94, 1.04)
	0.655

	Sedentary behavior
	1.03 (1.00, 1.07)
	0.081
	1.01 (0.96, 1.06)
	0.699
	—
	—
	0.93 (0.90, 0.96)
	< 0.001
	1.00 (0.98, 1.01)
	0.826

	Walk
	1.11 (1.06, 1.16)
	< 0.001
	1.09 (1.02, 1.15)
	0.005
	1.08 (1.04, 1.11)
	< 0.001
	—
	—
	1.07 (1.04, 1.11)
	< 0.001

	MVPA
	1.03 (1.00, 1.07)
	0.043
	1.01 (0.96, 1.06)
	0.655
	1.00 (0.99, 1.02)
	0.826
	0.93 (0.90, 0.96)
	< 0.001
	—
	—

	60 min substitution
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.10 (1.04, 1.17)
	0.001
	1.03 (0.94, 1.13)
	0.534
	1.02 (0.99, 1.04)
	0.249
	0.87 (0.81, 0.92)
	< 0.001
	1.01 (0.98, 1.04)
	0.642

	Partition Model
	1.18 (1.09, 1.28)
	< 0.001
	1.13 (1.00, 1.26)
	0.048
	1.10 (1.03, 1.19)
	0.009
	0.96 (0.87, 1.05)
	0.362
	1.10 (1.02, 1.19)
	0.014

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.96 (0.85, 1.07)
	0.431
	0.94 (0.88, 1.00)
	0.081
	0.81 (0.74, 0.89)
	< 0.001
	0.93 (0.88, 1.00)
	0.043

	Daytime napping
	1.05 (0.93, 1.17)
	0.431
	—
	—
	0.98 (0.89, 1.08)
	0.699
	0.85 (0.76, 0.95)
	0.005
	0.98 (0.89, 1.08)
	0.655

	Sedentary behavior
	1.07 (0.98, 1.13)
	0.081
	1.02 (0.93, 1.12)
	0.699
	—
	—
	0.86 (0.81, 0.92)
	< 0.001
	1.00 (0.97, 1.03)
	0.826

	Walk
	1.23 (1.13, 1.35)
	< 0.001
	1.18 (1.05, 1.32)
	0.005
	1.16 (1.08, 1.24)
	< 0.001
	—
	—
	1.15 (1.08, 1.23)
	< 0.001

	MVPA
	1.07 (1.00, 1.14)
	0.043
	1.02 (0.93, 1.12)
	0.655
	1.00 (0.97, 1.03)
	0.826
	0.87 (0.81, 0.93)
	< 0.001
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
Table S17 The isotemporal substitution effect of different movements behaviors on osteoporosis risk in postmenopausal women: Analysis excluding individuals with hypertension and type 2 diabetes
	Variables
	Nocturnal sleep
	Daytime napping
	Sedentary behavior
	Walk
	MVPA

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	30 min substitution
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.07 (1.03, 1.12)
	< 0.001
	1.02 (0.96, 1.08)
	0.568
	1.01 (0.99, 1.02)
	0.401
	0.93 (0.89, 0.97)
	0.001
	1.00 (0.98, 1.02)
	0.961

	Partition Model
	1.12 (1.06, 1.18)
	< 0.001
	1.07 (0.99, 1.16)
	0.086
	1.06 (1.01, 1.12)
	0.023
	0.99 (0.93, 1.06)
	0.780
	1.06 (1.00, 1.11)
	0.040

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.96 (0.89, 1.03)
	0.278
	0.95 (0.91, 1.06)
	0.061
	0.89 (0.84, 0.94)
	< 0.001
	0.95 (0.91, 0.99)
	0.012

	Daytime napping
	1.04 (0.97, 1.13)
	0.278
	—
	—
	0.99 (0.93, 1.05)
	0.774
	0.92 (0.86, 1.00)
	0.040
	0.99 (0.93, 1.05)
	0.665

	Sedentary behavior
	1.05 (0.99, 1.10)
	0.061
	1.01 (0.95, 1.07)
	0.774
	—
	—
	0.93 (0.89, 0.97)
	0.001
	1.00 (0.98, 1.01)
	0.610

	Walk
	1.13 (1.06, 1.20)
	< 0.001
	1.08 (1.00, 1.17)
	0.040
	1.07 (1.03, 1.12)
	0.001
	—
	—
	1.07 (1.02, 1.12)
	0.004

	MVPA
	1.06 (1.01, 1.10)
	0.012
	1.01 (0.95, 1.08)
	0.665
	1.00 (0.99, 1.02)
	0.610
	0.94 (0.90, 0.98)
	0.004
	—
	—

	60 min substitution
	
	
	
	
	
	
	
	
	
	

	Single-Factor Model
	1.15 (1.07, 1.25)
	< 0.001
	1.04 (0.92, 1.17)
	0.568
	1.01 (0.98, 1.05)
	0.401
	0.87 (0.80, 0.94)
	0.001
	1.00 (0.97, 1.04)
	0.961

	Partition Model
	1.25 (1.12, 1.40)
	< 0.001
	1.15 (0.98, 1.35)
	0.086
	1.13 (1.02, 1.25)
	0.023
	0.98 (0.86, 1.12)
	0.780
	1.12 (1.01, 1.24)
	0.040

	Isotemporal Substitution Model
	
	
	
	
	
	
	
	
	
	

	Nocturnal sleep
	—
	—
	0.92 (0.79, 1.07)
	0.278
	0.90 (0.83, 1.02)
	0.061
	0.78 (0.70, 0.88)
	< 0.001
	0.89 (0.82, 0.98)
	0.012

	Daytime napping
	1.09 (0.93, 1.27)
	0.278
	—
	—
	0.98 (0.87, 1.11)
	0.774
	0.85 (0.73, 0.99)
	0.040
	0.97 (0.86, 1.10)
	0.665

	Sedentary behavior
	1.11 (0.97, 1.20)
	0.061
	1.02 (0.90, 1.15)
	0.774
	—
	—
	0.87 (0.80, 0.95)
	0.001
	0.99 (0.95, 1.03)
	0.610

	Walk
	1.27 (1.13, 1.43)
	< 0.001
	1.17 (1.01, 1.36)
	0.040
	1.15 (1.06, 1.25)
	< 0.001
	—
	—
	1.14 (1.04, 1.24)
	0.004

	MVPA
	1.12 (1.02, 1.22)
	0.012
	1.03 (0.91, 1.17)
	0.665
	1.01 (0.97, 1.05)
	0.610
	0.88 (0.80, 0.96)
	0.004
	—
	—


Note: In the isotemporal substitution model, rows indicate the replaced behavior, and columns indicate the substituting behavior. —：The target behavior being replaced in the substitution analysis. The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. In women, menopausal status was additionally adjusted for. Bold values indicate statistical significance (P < 0.05). OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
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Fig. S1 The flowchart for participant inclusion/exclusion.


[bookmark: _Hlk194518614][image: Fig S2]
Fig. S2 The dose-response relationship between different behavior duration and the risk of osteoporosis in postmenopausal women
The models were adjusted for age, educational level, marital status, per capita monthly household income, smoking, drinking, high-fat diet, higher intake of fruits and vegetables, calcium intake, BMI, T2DM, HTN, and other movement behaviors. OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity.

image1.tiff
A total of 8,647 participants completed
BMD measurements during the second

wave survey

8,335 participants

missing behavioral duration data

(n=312)

8,214 participants

7,368 participants included
in the final data analysis

sedentary time >16 hours
(n=121)

total behavioral time >24 hours
(n=846)





image2.png
@ %s6) 40

Foverl0.047
Pnonlinear=0.760
=15

Ref

1 %s6) 40

R T

1"
2
1o

_ ,, ]
EEEEEEEE . s
D %se6) 40 D %s6) 40
il A S S | I S

e [
:
e | .
R .
I (]
- il
“““““““““ _ 7m
2 o
z9 8 7
g ]
mm ms _ -
ww [4:4 I 1.
2 3 8 3 = g 2 2 g2 g2
Ansuaq. Ausuaq

MVPA ()




