[bookmark: OLE_LINK1]Table S3 Variation in study characteristics and covariate adjustments in the meta-analysis of body mass index.
	Reference
	Sample
	Age
(mean/SD)
	Female
(n/%)
	PA/SB measures
	Sleep measures
	Data analysis methods
	Specific 
diseases
	Covariate adjustments

	Blodgett et al. (2023) 21
	15253
	53.7
(9.7)
	8341
(54.7)
	ActiGraph or ActivPAL
	ActiGraph or ActivPAL
	Compositional data analysis
	No
	Age, sex, smoking status, alcohol consumption, self-rated health, medication use, history of cardiovascular disease, and fasting blood sample status

	Galmes-Panades et al. (2019) 23
	2189
	65.0
(4.9)
	1032
(47.1)
	Accelerometer
	Accelerometer
	Isotemporal substitution model
	[bookmark: OLE_LINK8]Metabolic syndrome
	Age, sex, smoking status, educational level, diet, marital status, medical conditions and medication use

	Park et al. (2024) 24
	75
	61.3
(7.9)
	75
(100)
	ActiGraph
	ActiGraph
	Isotemporal substitution model
	No
	Age, education level, and marital status and comorbidity

	Farrahi et al. (2023) 37
	4585
	46.6
(0.5)
	2623
(57.2)
	Accelerometer
	Accelerometer and sleep diary
	Isotemporal substitution model, traditional multivariate linear regression
	No
	Education level, employment status, marital status, household income, smoking habits, alcohol consumption, health-related quality of life, and medication use

	Suorsa et al. (2023) 42
	231
	64.6
(1.2)
	175
(82)
	Accelerometer
	Accelerometer and sleep diary
	Compositional data analysis
	No
	Age, sex and occupational status, before retirement 24-h movement behavior composition and body mass index /waist circumference 

	Boyle et al. (2017) 45
	256
	60.1
(10.7)
	256
	ActiGraph
	Pittsburgh sleep quality index
	Isotemporal substitution model
	Breast cancer survivors
	Education level, current working status, smoking status, comorbidities, breast cancer treatment and hormone therapy use, breast cancer stage and time

	[bookmark: OLE_LINK6]Powell et al. (2020) 48
	366
	64.6 (5.3)
	163
(44.3)
	ActivPAL
	ActivPAL
	Compositional data analysis
	Type 2 diabetes
	Age, sex, disease status, medication use, and lifestyle factors (diet, smoking status, alcohol consumption and work status)


Substituting 30 minutes of SB with MVPA 21, 23, 24, 37, 42, 48 (β = -0.53, 95% CI -0.81 to -0.26, P＜0.001), ( I2 = 92.8%, P＜0.001);
Substituting 30 minutes of SB with sleep 23, 24, 48 (β = -0.13, 95% CI -0.19 to -0.07, P＜0.001), (I2 = 0%, P = 0.24);
Substituting 30 minutes of sleep with MVPA 21, 24, 42, 45, 48 (β = -0.31, 95% CI -0.46 to -0.15, P＜0.001), ( I2 = 48.5.8%, P = 0.10);
Substituting 30 minutes of MVPA with sleep 24, 42, 48 (β = 0.32, 95% CI 0.27 to 0.37, P＜0.001), (I2 = 0%, P = 0.71); 
Substituting 30 minutes of MVPA with SB 24, 42, 48 (β = 0.55, 95% CI -0.05 to 1.16, P = 0.07), (I2 = 54.9%, P = 0.11); 
Substituting 30 minutes of LPA with MVPA24, 42, 48 (β = -0.69, 95% CI -1.54 to 0.16, P = 0.11), (I2 = 75.1%, P = 0.02);
Substituting 30 minutes of SB with LPA 23, 24, 37 (β = -0.69, 95% CI -1.54 to 0.16, P = 0.41), ( I2 = 97.1%, P＜0.001).
LPA: light intensity physical activity; MVPA: moderate-to-vigorous intensity physical activity; SB: sedentary behavior. 

Table S4 Variation in study characteristics and covariate adjustments in the meta-analysis of waist circumference
	Reference
	Sample
	Age
(mean/SD)
	Female
(n/%)
	PA/SB measures
	Sleep measures
	Data analysis methods
	Specific 
diseases
	Covariate adjustments

	Blodgett et al. (2023) 21
	15253
	53.7
(9.7)
	8341
(54.7)
	ActiGraph or ActivPAL
	ActiGraph or ActivPAL
	Compositional data analysis
	No
	Age, sex, smoking status, alcohol consumption, self-rated health, medication use, history of cardiovascular disease, and fasting blood sample status

	Galmes-Panades et al. (2019) 23
	2189
	65.0
(4.9)
	1032
(47.1)
	Accelerometer
	Accelerometer
	Isotemporal substitution model
	Metabolic syndrome
	Age, sex, smoking status, educational level, diet, marital status, medical conditions and medication use

	Park et al. (2024) 24
	75
	61.3
(7.9)
	75
(100)
	ActiGraph
	ActiGraph
	Isotemporal substitution model
	No
	Age, education level, and marital status and comorbidity

	Suorsa et al. (2023) 42
	231
	64.6
(1.2)
	175
(82)
	Accelerometer
	Accelerometer and sleep diary
	Compositional data analysis
	No
	Age, sex and occupational status, before retirement 24-h movement behavior composition and body mass index /waist circumference

	Boyle et al. (2017) 45
	256
	60.1
(10.7)
	256
	ActiGraph
	Pittsburgh sleep quality index
	Isotemporal substitution model
	breast cancer survivors
	[bookmark: OLE_LINK2]Education level, current working status, smoking status, comorbidities, breast cancer treatment and hormone therapy use, breast cancer stage and time

	Knaeps et al. (2017) 46
	410
	55.5
(9.6)
	148
(36.1)
	multi‐sensor monitor
	multi‐sensor monitor
	Isotemporal substitution model
	No
	Education level, smoking status, diet



Substituting 30 minutes of SB with MVPA 21, 23, 24, 42, 46 (β = -1.42, 95% CI -2.19 to -0.65 , P＜0.001), (I2 = 95.9%, P＜0.001); 
Substituting 30 minutes of SB with LPA 21, 24, 42 (β = -0.40, 95% CI -0.57 to -0.22, P＜0.001), (I2 = 0%, P = 0.17);
Substituting 30 minutes of SB with sleep 21, 24, 42 (β = -0.64, 95% CI -1.19 to -0.10, P = 0.02), (I2 = 72.6%, P = 0.03);
[bookmark: _Hlk214788668]Substituting 30 minutes of sleep with MVPA 21, 24, 42, 45 (β = -1.46, 95% CI -2.37 to -0.55, P ＜0.05), (I2 = 87.8%, P＜0.001);
Substituting 30 minutes of LPA with MVPA 24, 42, 45, 46 (β = -1.34, 95% CI -2.77 to 0.09, P = 0.07), (I2 = 95%, P = 0.02).
LPA: light intensity physical activity; MVPA: moderate-to-vigorous intensity physical activity; SB: sedentary behavior.

Table S5 Variation in study characteristics and covariate adjustments in the meta-analysis of blood pressure 
	Reference
	Sample
	Age
(mean/SD)
	Female
(n/%)
	PA/SB measures
	Sleep measures
	Data analysis methods
	Specific
diseases
	Adjusted for the use of medications
	Covariate adjustments

	Galmes-Panades et al. (2019) 23
	2189
	65.0
(4.9)
	1032
(47.1)
	Accelerometer
	Accelerometer
	Isotemporal substitution model
	Metabolic syndrome
	Yes
	Age, sex, smoking status, educational level, diet, marital status, medical conditions and medication use

	Park et al. (2024) 24
	75
	61.3
(7.9)
	75
(100)
	ActiGraph
	ActiGraph
	Isotemporal substitution model
	No
	No
	Age, education level, and marital status and comorbidity

	Knaeps et al. (2017) 46
	410
	55.5
(9.6)
	148
(36.1)
	multi‐sensor monitor
	multi‐sensor monitor
	Isotemporal substitution model
	No
	No
	Education level, smoking status, diet


Systolic blood pressure: 
Substituting 30 minutes of SB with MVPA 23, 24, 46 (β = 0.05, 95% CI -0.48 to 0.59, P = 0.85), (I2 = 60.6%, P = 0.12); 
Substituting 30 minutes of SB with LPA 23, 24, 46 (β = -0.21, 95% CI -0.55 to 0.12, P = 0.21), (I2 = 24.5%, P = 0.38);
Substituting 30 minutes of SB with sleep 23, 24, 46 (β = -0.14, 95% CI -0.37 to 0.09, P = 0.24), (I2 = 13.3%, P = 0.44).
Diastolic blood pressure: 
Substituting 30 minutes of SB with MVPA 23, 24, 46 (β = -0.01, 95% CI -0.47 to 0.45, P = 0.96), (I2 = 4.9%, P = 0.45); 
Substituting 30 minutes of SB with LPA 23, 24, 46 (β = -0.26, 95% CI -1.17 to 0.64, P = 0.57), (I2 = 88.1%, P = 0.002);
Substituting 30 minutes of SB with sleep 23, 24, 46 (β = -0.06, 95% CI -0.46 to 0.34, P = 0.76), (I2 = 18.7%, P = 0.41).
LPA: light intensity physical activity; MVPA: moderate-to-vigorous intensity physical activity; SB: sedentary behavior.




Table S6 Variation in study characteristics and covariate adjustments in the meta-analysis of fasting glucose 
	Reference
	Sample
	Age
(mean/SD)
	Female
(n/%)
	PA/SB measures
	Sleep measures
	Data analysis methods
	Specific
diseases
	Adjusted for the use of medications
	Covariate adjustments

	Galmes-Panades et al. (2019) 23
	2189
	65.0
(4.9)
	1032
(47.1)
	Accelerometer
	Accelerometer
	Isotemporal substitution model
	Metabolic syndrome
	Yes
	Age, sex, smoking status, educational level, diet, marital status, medical conditions and medication use

	Powell et al. (2020) 48
	366
	64.6 (5.3)
	163
(44.3)
	ActivPAL
	ActivPAL
	Compositional data analysis
	Type 2 diabetes
	Yes
	Age, sex, disease status, medication use, and lifestyle factors (diet, smoking status, alcohol consumption and work status)

	Knaeps et al. (2017) 46
	410
	55.5
(9.6)
	148
(36.1)
	multi‐sensor monitor
	multi‐sensor monitor
	Isotemporal substitution model
	No
	No
	Education level, smoking status, diet


Substituting 30 minutes of SB with MVPA 23, 46, 48 (β = -0.04, 95% CI -0.12 to 0.04, P = 0.30), (I2 = 77.2%, P = 0.007); 
Substituting 30 minutes of SB with sleep 23, 46, 48 (β = -0.01, 95% CI -0.03 to 0.02, P = 0.59), (I2 = 0%, P = 0.73).
MVPA: moderate-to-vigorous intensity physical activity; SB: sedentary behavior.

Table S7 Variation in study characteristics and covariate adjustments in the meta-analysis of high-density lipoprotein cholesterol 
	Reference
	Sample
	Age
(mean/SD)
	Female
(n/%)
	PA/SB measures
	Sleep measures
	Data analysis methods
	Specific
diseases
	Adjusted for the use of medications
	Covariate adjustments

	Galmes-Panades et al. (2019) 23
	2189
	65.0
(4.9)
	1032
(47.1)
	Accelerometer
	Accelerometer
	Isotemporal substitution model
	Metabolic syndrome
	Yes
	Age, sex, smoking status, educational level, diet, marital status, medical conditions and medication use

	Powell et al. (2020) 48
	366
	64.6 (5.3)
	163
(44.3)
	ActivPAL
	ActivPAL
	Compositional data analysis
	Type 2 diabetes
	Yes
	Age, sex, disease status, medication use, and lifestyle factors (diet, smoking status, alcohol consumption and work status)

	Knaeps et al. (2017) 46
	410
	55.5
(9.6)
	148
(36.1)
	multi‐sensor monitor
	multi‐sensor monitor
	Isotemporal substitution model
	No
	No
	Education level, smoking status, diet


Substituting 30 minutes of SB with MVPA 23, 46, 48 (β = 0.02, 95% CI 0.01 to 0.03, P <0.001), (I2 = 19.4%, P = 0.44); 
Substituting 30 minutes of SB with sleep 23, 46, 48 (β = 0.01, 95% CI -0.01 to 0.04, P = 0.21), (I2 = 31.2%, P = 0.32).
MVPA: moderate-to-vigorous intensity physical activity; SB: sedentary behavior.




Table S8 Variation in study characteristics and covariate adjustments in the meta-analysis of triglycerides 
	Reference
	Sample
	Age
(mean/SD)
	Female
(n/%)
	PA/SB measures
	Sleep measures
	Data analysis methods
	Specific
diseases
	Adjusted for the use of medications
	Covariate adjustments

	Galmes-Panades et al. (2019) 23
	2189
	65.0
(4.9)
	1032
(47.1)
	Accelerometer
	Accelerometer
	Isotemporal substitution model
	Metabolic syndrome
	Yes
	Age, sex, smoking status, educational level, diet, marital status, medical conditions and medication use

	Powell et al. (2020) 48
	366
	64.6 (5.3)
	163
(44.3)
	ActivPAL
	ActivPAL
	Compositional data analysis
	Type 2 diabetes
	Yes
	Age, sex, disease status, medication use, and lifestyle factors (diet, smoking status, alcohol consumption and work status)

	Knaeps et al. (2017) 46
	410
	55.5
(9.6)
	148
(36.1)
	multi‐sensor monitor
	multi‐sensor monitor
	Isotemporal substitution model
	No
	No
	Education level, smoking status, diet


Substituting 30 minutes of SB with MVPA 23, 46, 48 (β = -0.06, 95% CI -0.11 to -0.01, P <0.001), (I2 = 78.4%, P = 0.02); 
Substituting 30 minutes of SB with sleep 23, 46, 48 (β = -0.01, 95% CI -0.02 to 0.01, P = 0.21), (I2 = 0%, P = 0.45).
MVPA: moderate-to-vigorous intensity physical activity; SB: sedentary behavior.
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