Comparative effectiveness and dose–response relationships of exercise for depressive symptoms in children and adolescents: a Bayesian network meta-analysis
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1. Search Strategy
Supplementary Table 1. Search Strategy
	Pubmed
	(Exercise*[Title/Abstract]
OR "physical activity*"[Title/Abstract]
OR sport*[Title/Abstract]
OR aerobic*[Title/Abstract]
OR "resistance training"[Title/Abstract]
OR "strength training"[Title/Abstract]
OR "high intensity interval training"[Title/Abstract]
OR HIIT[Title/Abstract]
OR yoga[Title/Abstract]
OR pilates[Title/Abstract]
OR "tai chi"[Title/Abstract]
OR qigong[Title/Abstract])
AND
(Depress*[Title/Abstract]
OR depressive[Title/Abstract]
OR "mood disorder*"[Title/Abstract])
AND
(child*[Title/Abstract]
OR adolescen*[Title/Abstract]
OR youth*[Title/Abstract])
AND
(randomized[Title/Abstract]
OR randomly[Title/Abstract]
OR trial[Title]
OR RCT[Title/Abstract])

	Cochrane
	#1 (Exercise* 
OR (physical NEXT activity*) 
OR sport*
OR aerobic*
OR (resistance NEXT training)
OR (strength NEXT training)
OR (high NEXT intensity NEXT interval NEXT training)
OR HIIT
OR yoga
OR pilates
OR (tai NEXT chi)
OR qigong
):ti,ab,kw
#2 (Depress* 
OR depressive 
OR (mood NEXT disorder*) 
):ti,ab,kw
#3 (child* OR adolescen* OR youth*):ti,ab,kw
#4 (random* OR (controlled NEXT trial) OR RCT):ti,ab,kw
#5 #1 AND #2 AND #3 AND #4


2. Reasons for Excluding Studies
Supplementary Table 2. Reasons for Excluding Studies
	Study
	Reasons for Exclusion

	Ahmed et al. (2023) [1]
	No relevant data

	Bao and Jin (2015) [2]
	Irrelevant outcomes

	Blumenthal et al. (2007)[ 3]
	Not the relevant population

	Brown et al. (1992) [4]
	Not relevant intervention

	Bunketorp et al. (2015) [5]
	No relevant data

	Chau et al. (2022) [6]
	Not the relevant population

	Eather et al. (2016) [7]
	Irrelevant outcomes

	Fishbein et al. (2016) [8]
	No relevant data

	Frank et al. (2017) [9]
	Irrelevant outcomes

	Haden et al. (2014) [10]
	Irrelevant outcomes

	Halliwell et al. (2018) [11]
	Irrelevant outcomes

	Hong et al. (2020) [12]
	Not the relevant control

	Imboden et al. (2020) [13]
	Not population

	Lau et al. (2004) [14]
	No relevant data

	Migueles et al. (2023) [15]
	No relevant data

	Mirzaei (2023) [16]
	Not the relevant population

	Mota-Pereira et al. (2011) [17]
	Not the relevant population

	Nabkasorn et al. (2006) [18]
	Not the relevant population

	Philippot et al. (2022) [19]
	Not the relevant population

	Romero-Pérez et al. (2020) [20]
	Not the RCT

	Roth and Holmes (1987) [21]
	Not the relevant population

	Schuch et al. (2015) [22]
	Not the relevant population

	Shachar et al. (2016) [23]
	Irrelevant outcomes

	Vancini et al. (2017) [24]
	Not population

	Veale et al. (1992) [25]
	Not the relevant population

	Wei et al. (2025) [26]
	No relevant data
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3. Characteristics of Included Studies
Supplementary Table 3. Characteristics of Included Studies
	Author
	Country
	Participants
(EG/CG)
	Female Proportion
	Age (Mean/ Range)
	Duration
(Weeks)
	Frequency
	Time
/Session
	Interventions
	Exact Dose
	Dose
	Residual Dose
	Outcomes Measured

	Annesi et al. (2005)
	USA
	50/42
	50%
	10.7
	12
	3
	45
	RT
	405
	300
	105
	P-MSSF

	Ardic et al. (2017)
	USA
	33/33
	51%
	12.83
	12
	1
	10-15
	MBE
	37.5
	300
	262.5
	BDI

	Bonhauser et al. (2005)
	USA
	90/93
	52%
	15.53
	10
	3
	90
	AE+RT
	1309.5
	1200
	109.5
	HADS

	Butzer et al. (2016)
	Czech Republic
	114/94
	63%
	12.64
	24
	2
	45
	MBE
	270
	300
	30
	BRUMS

	
	
	
	
	
	
	
	
	AE
	1116
	1200
	84
	

	Carter et al. (2011)
	UK
	44/43
	78%
	15.4
	6
	2
	45
	AE+RT
	517.5
	600
	82.5
	CDI-2

	Chen et al. (2022)
	China
	29/32
	57%
	15-18
	6
	1-2
	120
	MBE
	540
	600
	60
	BDI-II-C

	Crews et al. (2004)
	USA
	34/32
	50%
	9-10
	6
	3
	20
	AE
	372
	300
	72
	BDI

	Daley et al. (2014)
	UK
	27/26
	NA
	13.1
	8
	3
	30
	IT
	486
	600
	114
	CDI-2

	Gaurav et al. (2013)
	India
	30/30
	0%
	16-17
	6
	5
	120
	MBE
	1500
	1500
	0
	BADSS

	Goldfield et al. (2015)
	Canada
	75/78/75/76
	70%
	14-18
	4
	4
	20-45
	AE
	1098
	1200
	102
	BRUMS

	
	
	
	
	
	
	
	
	RT
	738
	600
	138
	

	
	
	
	
	
	
	
	
	AE+RT
	909
	900
	9
	

	Gu et al. (2024)
	China
	57/27
	100%
	16.77
	8
	3
	40
	AE
	792
	900
	108
	CES-D

	Hilyer et al. (1982)
	USA
	23/20
	0%
	17
	20
	3
	90
	RT
	810
	900
	90
	BDI

	Hughes et al. (2013)
	USA
	12/12
	58%
	17
	12
	3
	40
	AE+RT
	558
	600
	42
	CDRS-R

	
	
	
	
	
	
	
	
	AE
	276
	300
	24
	

	Jeong et al. (2005)
	Korea
	20/20
	100%
	16
	12
	3
	45
	MBE
	648
	600
	48
	SCL-90-R

	Koniak-Griffin (1994)
	USA
	35/23
	100%
	16.66
	60
	2
	55
	AE
	528
	600
	72
	CES-D

	Lee et al. (2009)
	Korea
	21/27
	100%
	13.3
	8
	2
	40
	MBE
	320
	300
	20
	SCL-90-R

	Lima et al. (2021)
	Brazil
	218/308
	56%
	14-16
	24
	4
	50
	AE
	900
	900
	0
	CES-D

	Lin et al. (2020)
	China
	20/18
	59%
	12-14
	12
	4
	30
	AE
	840
	900
	60
	PHQ-9

	MacMahon et al. (1988)
	USA
	32/37
	0%
	16.3
	12
	4
	30
	AE
	792
	900
	108
	BDI

	Melnyk et al. (2009)
	USA
	12/7
	73%
	15.42
	9
	2
	15-20
	AE
	615
	600
	15
	BYI-II

	Melnyk et al. (2013)
	USA
	286/341
	53%
	14.75
	12
	1
	15-20
	AE
	90
	300
	210
	BYI-II

	Mohammadi et al. (2011)
	Islamic
	20/20
	NA
	15-18
	8
	3
	75
	AE
	1822
	1800
	22
	BDI

	Noggle et al. (2012)
	USA
	36/15
	54%
	17.2
	10
	2
	30-40
	MBE
	200
	300
	100
	POMS-SF

	
	
	
	
	
	
	
	
	AE
	244
	300
	56
	

	Norris (1992)
	UK
	29/16
	47%
	16.8
	10
	2
	25-30
	AE
	294
	300
	6
	MAACL

	Olive et al. (2023)
	Australia
	18/17
	42%
	11.28
	6
	1
	120
	AE
	360
	300
	60
	RCADS-S

	Petty et al. (2009)
	USA
	139/68
	42%
	9.35
	14
	5
	40
	IT
	1380
	1500
	120
	RCDS

	
	
	
	
	
	
	
	20
	AE
	690
	600
	90
	

	Philippot et al. (2019)
	Belgium
	12/11
	48%
	10
	5
	4
	50
	AE+RT
	1200
	1200
	0
	CDI

	
	
	
	
	
	
	
	
	MBE
	500
	600
	100
	

	Philippot et al. (2022)
	Belgium
	20/20
	63%
	15.35
	5
	4
	60
	AE+RT
	1080
	1200
	120
	HADS

	Robinson et al. (2010)
	USA
	134/127
	100%
	9.4
	72
	5
	45-60
	MBE
	1230
	1200
	30
	CDI-10

	Roh et al. (2018)
	Korea
	15/15
	40%
	11.46
	16
	1
	60
	AE+RT
	300
	300
	0
	K-POMS-B

	Roshan et al. (2011)
	Iran
	12/12
	100%
	16.87
	6
	3
	30-40
	AE
	696
	600
	96
	Ham-D

	Shao (2021)
	China
	32/30
	52%
	15.83
	8
	1
	120
	MBE
	576
	600
	24
	HADS

	Silva et al. (2025)
	Brazil
	165/141
	54%
	13.5
	12
	2
	20
	RT
	160
	300
	140
	DASS-21

	Stella et al. (2005)
	Brazil
	10/10
	100%
	16
	12
	3
	60
	AE
	810
	900
	190
	BDI

	
	
	
	
	
	
	
	
	IT
	1224
	1200
	24
	

	Velasquez et al. (2015)
	Colombia
	57/57
	NA
	12.5
	12
	2
	120
	MBE
	600
	600
	0
	SDQ

	Wang et al. (2023)
	China
	15/15
	37%
	12.5
	12
	4
	30
	AE
	840
	900
	60
	PHQ-9

	Weintraub et al. (2008)
	USA
	9/12
	NA
	9.7
	24
	3-4
	75
	AE
	1822
	1800
	22
	CDI-10

	Williams et al. (2019)
	USA
	90/85
	61%
	9.7
	32
	5
	40
	AE
	1200
	1200
	0
	CDI-2

	Wunram et al. (2017)
	Germany
	17/17
	28%
	15.9
	6
	4
	30
	RT
	324
	300
	24
	DIKJ

	
	
	
	
	
	
	
	
	IT
	768
	900
	132
	

	Yu et al. (2020)
	China
	99/72
	21%
	9.8
	32
	5
	60
	AE
	1410
	1500
	90
	DSRSC

	Zhang et al. (2021)
	China
	66/69
	45%
	14.3
	12
	3
	30
	AE
	720
	600
	120
	Ham-D


BADSS: Bhatnagar Anxiety, Depression and Stress Scale; BDI-II-C: Beck Depression Inventory-II in Chinese Version; BDI: Beck Depression Inventory; BRUMS: The 24-item Brunell Mood Scale; BUMS: The Brunel University Mood Scale; BYI-II: The Beck Depression Inventory and The Beck anxiety inventory; CDI-10: the 10-item short form of the Children's Depression Inventory; CDI-2: Children's Depression Inventory-2; CDRS-R: Childhood Depression Rating Scale Revised; CES-D: The Center for Epidemiological Studies Depression Scale; DASS-21: Depression, Anxiety, and Stress Scale - Short Form; DIKJ: Depression Inventory for Children and Adolescents; DSRSC: Depression Self-Rating Scale for Children; HADS: Hospital Anxiety Depression Scale; Ham-D: Hamilton Depression Rating Scale; K-POMS-B: the Korean Version of the Profile of Mood State-Brief; MAACL: Manual for the Multiple Affect Adjective Check List; P-MSSF: Profile of Mood States-Short Form; PHQ-9: Patient Health Questionnaire-9; POMS-SF: The Profile of Mood States-Short; RCADS-S: Revised Children's Anxiety and Depression Scale - Short Form; RCDS: Reynolds Child Depression Scale; SCL-90-R: the Symptom Check List-90-Revision; SDQ: Strengths and Difficulties Questionnaire.
4. Risk of Bias Assessment
Supplementary Table 4. Bias risk of each study
	Study
	Randomization process
	Deviations from intended interventions
	Missing outcome data
	Measurement of the outcome
	Selection of the reported result
	Overall Bias

	Annesi et al. (2005)
	S
	L
	L
	L
	L
	S

	Ardic et al. (2017)
	L
	L
	L
	L
	L
	L

	Bonhauser et al. (2005)
	H
	S
	L
	L
	L
	H

	Butzer et al. (2016)
	S
	S
	L
	S
	L
	S

	Carter et al. (2011)
	L
	L
	L
	L
	L
	L

	Chen et al. (2022)
	S
	S
	L
	L
	L
	S

	Crews et al. (2004)
	S
	S
	L
	L
	L
	S

	Daley et al. (2014)
	S
	L
	L
	L
	L
	S

	Gaurav et al. (2013)
	L
	L
	L
	L
	L
	L

	Goldfield (2015)
	L
	S
	L
	L
	L
	S

	Gu et al. (2024)
	L
	L
	L
	L
	L
	L

	Hilyer et al. (1982)
	L
	L
	S
	L
	L
	S

	Hughes et al. (2013)
	L
	L
	L
	L
	L
	L

	Jeong et al. (2005)
	L
	L
	L
	L
	L
	L

	Koniak-Griffin (1994)
	H
	L
	S
	L
	L
	H

	Lee et al. (2009)
	L
	L
	L
	L
	L
	L

	Lima et al. (2021)
	L
	L
	S
	L
	L
	S

	Lin et al. (2020)
	L
	L
	L
	L
	L
	L

	MacMahon et al. (2020)
	S
	S
	L
	L
	L
	S

	Melnyk et al. (2009)
	L
	L
	S
	L
	L
	S

	Melnyk et al. (2013)
	L
	L
	S
	L
	L
	S

	Mohammadi et al. (2011)
	H
	S
	L
	L
	L
	H

	Noggle et al. (2012)
	L
	L
	S
	L
	L
	S

	Norris (1992)
	S
	L
	S
	L
	L
	S

	Olive et al. (2023)
	L
	L
	L
	L
	L
	L

	Petty et al. (2009)
	L
	S
	L
	L
	L
	S

	Philippot et al. (2019)
	L
	L
	L
	L
	L
	L

	Philippot et al. (2022)
	L
	L
	L
	L
	L
	L

	Robinson et al. (2010)
	L
	L
	S
	L
	L
	S

	Roh et al. (2018)
	S
	L
	L
	L
	L
	S

	Roshan et al. (2011)
	S
	S
	L
	L
	L
	S

	Shao (2021)
	S
	S
	L
	L
	L
	S

	Silva et al. (2025)
	L
	L
	S
	L
	L
	S

	Stella et al. (2005)
	H
	S
	L
	L
	L
	H

	Velasquez et al. (2015)
	S
	S
	L
	L
	L
	S

	Wang et al. (2023)
	L
	L
	L
	L
	L
	L

	Weintraub et al. (2008)
	L
	L
	L
	L
	L
	L

	Williams et al. (2019)
	L
	L
	L
	L
	L
	L

	Wunram et al. (2017)
	L
	S
	L
	L
	L
	S

	Yu et al. (2020)
	S
	S
	L
	L
	L
	S

	Zhang et al. (2021)
	L
	L
	L
	L
	L
	L
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5.Model selection and heterogeneity assessment
Supplementary Table 5. Meta-regression of potential effect modifiers
	Effect modifiers
	Mean
	2.50%
	97.50%
	ESS
	Rhat
	tau

	Baseline Depression Level
	-0.41
	-2.24
	1.43
	711
	1
	1.28

	Female Ratio
	-0.04
	-1.95
	1.86
	706
	1
	1.35

	Age​
	-0.12
	-2.22
	1.81
	128
	1.03
	1.31

	Duration (weeks)
	0.11
	-1.31
	1.85
	9
	1.05
	1.29

	Frequency (a week)
	0.02
	-1.98
	1.89
	451
	1
	1.28

	Time/seeison
	0.00
	-0.31
	0.31
	36
	1.16
	1.31

	Adherence
	0.01
	-1.88
	1.87
	1169
	1
	1.28















Supplementary Figure 1. Fixed model of residuals
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Supplementary Figure 2. Random model of residuals
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Supplementary Figure 3. Prior and posterior distribution plot of random effects model
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6.Key Assumptions of Network Meta-Analysis
Supplementary Table 6. Baseline comparison table
	Interventions
	Gender
	Age
	Duration
	Frequency
	Time/session
	Baseline Depression Level
	Adherence

	AE
	56% (0%-100%)
	13.8 (9-17)
	15.23 (4-60)
	3.19 (1-5)
	44.76 (15-120)
	37% (14%-79%)
	95% (71%-100%)

	RT
	50% (0%-70%)
	14.85 (10-17)
	11 (4-20)
	3.17 (2-4)
	47.08 (20-90)
	31% (19%-52%)
	92% (77%-100%)

	AE+RT
	58% (40%-78.17)
	14.39 (11-17)
	8.29 (4-16)
	2.8 (1-4)
	46.0 (35-90)
	36% (22%-52%)
	92% (82%-100%)

	MBE
	63% (0%-100%)
	13.22 (9-16)
	14.1 (6-48)
	2.56 (1-5)
	61.81 (15-120)
	32% (10%-52%)
	95% (85%-100%)

	IT
	57% (28%-100%)
	13.59 (9-16)
	10 (6-14)
	3.75 (3-5)
	37.5 (30-60)
	33% (18%-52%)
	94% (85%-100%)

	Control
	57% (0%-100%)
	13.88 (9-17)
	0
	0
	0
	34% (10%-61%)
	92% (64%-100%)



Supplementary Figure 4. Node splitting method
[image: 11]
7.Effect size analysis and SUCRA ranking
Supplementary Table 7. R-hat value and effective sample size of Bayesian network meta-analysis
	Intervention
	Effective sample size (ESS) 
	R-hat

	MBE
	1841
	1

	RT
	2222
	1

	AE
	1571
	1

	IT
	2612
	1

	AE+RT
	1948
	1




Supplementary Figure 5. Ranking probability plot
[image: 9]

8. Subgroup analysis
Supplementary Table 8. Baseline comparison table for subgroup analysis
	Subgroup
	Interventions
	Gender
	Age
	Duration
	Frequency
	Time
/session
	Baseline Depression Level
	Adherence

	Health
	AE
	60%
(20%-100%)
	13.53
(9.5-07.2)
	19
(4-60)
	3.23
(1-5)
	42.30
(17.5-75)
	95%
(83%-100%)
	39%
(14%-79%)

	
	MBE
	69%
(47%-100%)
	12.55
(9.4-17.2)
	17
(5-48)
	2.33
(1-5)
	48.75
(12.5-120)
	92%
(83%-100%)
	24%
(10%-49%)

	
	RT
	53%
(0%-70%)
	14.3
(10.7-17)
	12
(4-20)
	3
(2-4)
	48.12
(20-90)
	94%
(77%-100%)
	26%
(19%-36%)

	
	AE+RT
	52%
(40%-70%)
	12.49
(10-16)
	12.33
(4-16)
	2.5
(1-4)
	45
(30-60)
	95%
(86%-100%)
	33%
(22%-52%)

	
	IT
	71%
(42%-100%)
	12.68
(9.35-16)
	13
(12-14)
	4
(3-5)
	45
(30-60)
	97%
(96%-100%)
	29%
(18%-41%)

	Subclinical
	AE
	47%
(0%-100%)
	13.82
(11.28-19.77)
	9.67
(6-12)
	3
(1-4)
	50
(30-120)
	93%
(71%-100%)
	35%
(19-63%)

	
	MBE
	52.38%
(0%-100%)
	16.25
(16-16.5)
	8
(6-12)
	3.33
(2-5)
	95
(45-120)
	98%
(97%-100%)
	49%
(47%-52%)

	
	AE+RT
	51.52%
	15.53
	10
	3
	90
	92%
	33%

	
	IT
	NA
	13.1
	8
	3
	60
	96%
	21%

	Clinical
	AE
	67%
(44%-100%)
	16.05
(14.3-17)
	9.5
(6-12)
	3
	43.75
(35-75)
	85%
(83%-100%)
	34%
(21%-58%)

	
	AE+RT
	66%
(58%-78%)
	15.92
(15.35-17)
	7
(5-12)
	3
(2-4)
	46.67
(35-60)
	82%
(77%-88%)
	48%
(45%-52%)

	
	MBE
	51.61%
	15.83
	8
	3
	120
	83%
	50%

	
	RT
	28.10%
	15.9
	6
	4
	30
	86%
	52%

	
	IT
	29.20%
	16.1
	6
	4
	30
	85%
	52%

	Children
	AE
	43%
(20%-61%)
	9.88
(9.35-11.28)
	14
(6-32)
	3.83
(1-5)
	57.5
(30-120)
	96%
(89%-100%)
	36%
(14%-79%)

	
	AE+RT
	43%
(40%-47.83%)
	10.73
(10-11.46)
	10.5
(5-16)
	2.5
(1-4)
	55
(50-60)
	92%
(86%-100%)
	37%
(22%-55%)

	
	MBE
	53%
(47%-100%)
	9.7
(9.4-10)
	16.5
(5-48)
	4.5
(4-5)
	50
	86%
(85%-88%)
	29%
(10%-49%)

	
	RT
	50%
	10.7
	12
	3
	45
	100%
	24%

	
	IT
	42%
	9.35
	14
	5
	30
	96%
	41%

	Adolescent
	AE
	63%
(0%-100%)
	15.64
(12.5-17.2)
	11.55
(4-60)
	2.86
(1-4)
	39.5
(17.5-60)
	94%
(71%-100%)
	37%
(19%-63%)

	
	MBE
	59%
(0%-100%)
	14.6
(12.5-17.2)
	10.88
(6-24)
	2.22
(1-5)
	51.94
(12.5-120)
	96%
(83%-100%)
	32%
(12%-52%)

	
	AE+RT
	64%
(51%-78%)
	15.86
(15.35-17)
	7.4
(4-12)
	3.25
(2-4)
	42.5
(30-90)
	89%
(77%-100%)
	40%
(25%-52%)

	
	RT
	58%
(0%-70%)
	15.6
(13.5-17)
	10.5
(4-20)
	3.25(2-4)
	44.38
(20-90)
	90%
(77%-100%)
	34%
(27%-52%)

	
	IT
	64%
(28%-100%)
	15
(13.1-16)
	8.6
(6-12)
	3.33
(3-4)
	40
(30-60)
	93%
(85%-100%)
	30%
(18%-52%)



Supplementary Table 9. Model selection and consistency test results for subgroup analysis
	Subgroup
	Model
	Deviance information criterion (DIC)
	The number of parameters (PD) 
	Residual bias

	Clinical
	Fix 
consistent 
	272.14
	13
	259.4

	Clinical
	Random consistent
	34.2
	17.1
	17.1

	Clinical
	Random inconsistent
	33.6
	16.8
	16.8

	Subclinical
	Fix 
consistent 
	162.4
	13.9
	148.5

	Subclinical
	Random consistent
	42
	20.8
	21.1

	Subclinical
	Random inconsistent
	41.6
	20.6
	21

	Health
	Fix 
consistent 
	241
	27.7
	213.3

	Health
	Random consistent
	97.2
	47.1
	50.2

	Health
	Random inconsistent
	98.1
	47.8
	50.3

	Children
	Fix 
consistent 
	40.2
	14
	26.2

	Children
	Random consistent
	39.6
	17.9
	21.7

	Children
	Random inconsistent
	40.5
	18.4
	22

	Adolescent
	Fix 
consistent 
	1368.5
	34.7
	1333.8

	Adolescent
	Random consistent
	129.9
	64.4
	65.5

	Adolescent
	Random inconsistent
	129.7
	64.4
	65.3



Supplementary Table 10 Node-splitting analysis for subgroup analysis
	Subgroup
	Comparison
	Deviance information criterion (DIC)
	The number of parameters (PD)
	Residual bias
	P-value

	Clinical
	AE vs. Control
	33.9
	16.9
	17
	0.38

	
	AE+RT vs. Control
	34.2
	17.1
	17.1
	0.44

	
	AE+RT vs. AE
	33.9
	16.9
	17.1
	0.42

	Subclinical
	NA
	NA
	NA
	NA
	NA

	Health
	AE vs. Control
	98.8
	47.9
	50.8
	0.86

	
	AE+RT vs. Control
	97.6
	47.4
	50.2
	0.39

	
	MBE vs. Control
	99
	48.1
	50.9
	0.65

	
	AE+RT vs. AE
	98.2
	47.7
	50.5
	0.96

	
	MBE vs. AE
	97.7
	47.5
	50.2
	0.82

	
	RT vs. AE
	97.8
	47.6
	50.3
	0.53

	
	MBE vs. AE+RT
	98.4
	47.8
	50.6
	0.35

	
	RT vs. AE+RT
	97.8
	47.6
	50.3
	0.54

	Children
	NA
	NA
	NA
	NA
	NA

	Adolescent
	AE vs. Control
	128.7
	63.8
	64.9
	0.51

	
	AE+RT vs. Control
	129.5
	64.2
	65.3
	0.46

	
	MBE vs. Control
	128.4
	63.7
	64.7
	0.95

	
	AE+RT vs. AE
	128.1
	63.5
	64.6
	0.56

	
	IT vs. AE
	129.5
	64.2
	65.2
	0.84

	
	MBE vs. AE
	129.2
	64.1
	65.1
	0.93

	
	RT vs. AE
	129
	64
	65
	0.99

	
	RT vs. AE+RT
	128.9
	63.9
	65
	0.99

	
	RT vs. IT
	128.3
	63.7
	64.7
	0.69



Supplementary Table 11. R-hat value and effective sample size for subgroup analysis
	Subgroup
	Intervention
	Effective sample size
	R-hat

	Clinical
	AE
	3092
	1

	
	MBE
	3519
	1

	
	AE+RT
	2270
	1

	
	IT
	3170
	1

	
	AE
	3716
	1

	Subclinical
	MBE
	1565
	1

	
	AE
	1305
	1

	
	IT
	2185
	1

	
	AE+RT
	1980
	1

	Health
	MBE
	1357
	1

	
	RT
	1636
	1

	
	AE
	936
	1

	
	AE+RT
	1877
	1

	
	MBE
	2176
	1

	Children
	AE
	2002
	1

	
	MBE
	1598
	1

	
	RT
	2602
	1

	
	IT
	1876
	1

	
	AE+RT
	2522
	1

	Adolescent
	MBE
	1198
	1

	
	AE
	1127
	1

	
	RT
	2019
	1

	
	IT
	1869
	1

	
	AE+RT
	2282
	1




Subgroup analysis: Clinical
Supplementary Figure 6. Random model of prior and posterior distribution plot
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Supplementary Figure 7. Ranking of effectiveness
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Supplementary Figure 8. SUCRA plot
[image: 10]
Subgroup analysis: Subclinical
Supplementary Figure 9. Random model of prior and posterior distribution plot
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Supplementary Figure 10. Ranking of effectiveness
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Supplementary Figure 11. SUCRA plot
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Subgroup analysis: Health
Supplementary Figure 12. Random model of prior and posterior distribution plot
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Supplementary Figure 13. Ranking of effectiveness
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Supplementary Figure 14. SUCRA plot
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Subgroup analysis: Children
Supplementary Figure 15. Random model of prior and posterior distribution plot
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Supplementary Figure 16. Ranking of effectiveness
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Supplementary Figure 17. SUCRA plot
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Subgroup analysis: Adolescent
Supplementary Figure 18. Random model of prior and posterior distribution plot
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Supplementary Figure 19. Ranking of effectiveness
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Supplementary Figure 20. SUCRA plot
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9. Publication bias and sensitivity analysis
Supplementary Figure 21. ‘Comparison-adjusted’ funnel plot
[image: SMD最终的]

Supplementary Figure 22. Ranking of effectiveness
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Supplementary Figure 23. Random model of prior and posterior distribution plot
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Supplementary Figure 24. SUCRA plot
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10. Key Assumptions of Dose-Response Network Meta-Analysis
Connectivity
Our study assessed network connectivity at the motor and dose levels and did not find any evidence of network unconnectedness (Figure 25 and Figure 26).
Supplementary Figure 25. Treatment-level network.
[image: 1]
Supplementary Figure 26. Node-level network
[image: 2]
Transitivity
As shown in supplementary table 5 and 9, it shows that these interventions are not significantly intransitivity.

Consistency
Global consistency was assessed by comparing the fit of the consistency model with that of the unrelated mean effects (UME) model, while local consistency was evaluated using a node-splitting approach. The results showed strong agreement across models, with all node-splitting tests yielding p-values greater than 0.05, indicating no evidence of inconsistency within the network (Tables 8 and Figure 27.).

Table 12. Consistent and UME models fit comparison.
	Model
	Deviance
	DIC
	pD
	SD

	Consistent
	-61.4
	23.9
	85.3
	1.28

	UME
	-61.5
	25.3
	86.2
	1.29



Supplementary Figure 27. MBNMA node-splitting method (density plot).
[image: 13]
 
11.Model Selection for Dose-Response Analysis
Models selection
To determine the optimal functional form for modeling the dose–response relationship, we compared several models, including Emax, linear, natural cubic splines, non-parametric monotonic function, and quadratic fractional polynomial models. Based on model fit statistics, the quadratic fractional polynomial model was selected to best represent the nonlinear association (Table 12).
Table 13. Comparison of fit information of different models
	Model
	Deviance
	DIC
	pD
	SD

	Emax (Random)
	-61.79
	24
	85.7
	1.3

	Emax (Common)
	1368.96
	1415.4
	46.7
	NA

	Linear (Random)
	-61.7
	24.4
	86.2
	1.39

	Linear (Common)
	1498.92
	1545
	46
	NA

	Natural cubic splines (Random)
	-61.7
	24.8
	86.6
	1.42

	Natural cubic splines (Common)
	1094.51
	1154.5
	60.1
	NA

	Non-parametric monotonic function (Random)
	-62.15
	26
	87.6
	2.74

	Non-parametric monotonic function (Common)
	2031.08
	2073.4
	42
	NA

	Quadratic fractional polynomia (Random)
	-61.4
	23.9
	85.3
	1.28

	Quadratic fractional polynomia (Common)
	1344.87
	1395.5
	50.7
	NA


Fit and deviance plot of quadratic fractional polynomia
In addition, we further plotted fit plots and deviation plots to assess the degree of fit of the model. These plots show that the quadratic fractional polynomial model fits well with the dose-response function for the overall exercise and different exercises.
Supplementary Figure 28. Fit plots at overall exercise level.
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Supplementary Figure 29. Fit plots at agent-level.
[image: 5]
Supplementary Figure 30. Deviance plots at overall exercise level.
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Supplementary Figure 31. Deviance plots at agent-level
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12.Dose-Response Relationship
Supplementary Figure 32. “Split” dose-response network meta-analysis of overall exercise level
[image: 8]
Supplementary Figure 33. “Split” dose-response network meta-analysis of agent-level. 
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13.GRADE Evidence Quality
Supplementary Table 14. GRADE Evidence Quality Assessment
	
Comparison
	Direct evidence
	Indirect evidence
	Network meta-analysis

	
	Mean difference
(95% credible interval)
	Quality of evidence
	Mean difference
(95% credible interval)
	Quality 
of evidence
	Mean difference
(95% credible interval)
	Quality of evidence

	AE vs. Control
	-0.82(-1.22 to -0.45)
	⊕⊕⊕ O
Moderate
Due to Risk of bias1 
	-0.5(-1.88 to 0.92)
	⊕⊕O O
Low
Due to Risk of bias1 and Inconsistency2 
	-0.80(-1.2 to -0.43)
	⊕⊕⊕ O
Moderate

	AE+RT vs. Control
	-0.51(-1.32 to 0.26)
	⊕⊕O O
Low
Due to Risk of bias1 and Inconsistency2
	-0.59(-2.05 to 0.78)
	⊕⊕O O
Low
Due to Risk of bias1 and Inconsistency2 
	-0.54(-1.24 to 0.13)
	⊕⊕O O
Low


	IT vs. Control
	-0.60(-1.43 to 0.24)
	⊕⊕⊕ O
Moderate
Due to Inconsistency2 
	—
	—
	-0.60(-1.43 to 0.24)
	⊕⊕⊕ O
Moderate

	MBE vs. Control
	-1.42(-2.04 to -0.82)
	⊕⊕⊕ O
Moderate
Due to Risk of bias1 
	-1.71(-3.16 to -0.29)
	⊕⊕O O
Low
Due to Risk of bias1 and Inconsistency2 
	-1.46(-2 to -0.88)
	⊕⊕⊕ O
Moderate

	RT vs. Control
	-0.90(-1.68 to -0.14)
	⊕⊕⊕ O
Moderate
Due to Inconsistency2
	—
	—
	-0.9(-1.68 to -0.14)
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1 The included RCTs were at high risk of bias
2 The confidence interval for comparison is wide
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