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[bookmark: _Toc1550295988]Supplementary 1: PRISMA Checklist
	Item #
	Checklist Item
	Reported on Page #

	1
	Identify the report as a systematic review incorporating a network meta-analysis (or related form of meta-analysis). 
	1

	2
	Provide a structured summary including, as applicable: 
Background: main objectives
Methods: data sources; study eligibility criteria, participants, and interventions; study appraisal; and synthesis methods, such as network meta-analysis. 
Results: number of studies and participants identified; summary estimates with corresponding confidence/credible intervals; treatment rankings may also be discussed. Authors may choose to summarize pairwise comparisons against a chosen treatment included in their analyses for brevity.
Discussion/Conclusions: limitations; conclusions and implications of findings.
Other: primary source of funding; systematic review registration number with registry name.
	1-2

	3
	Describe the rationale for the review in the context of what is already known, including mention of why a meta-analysis of randomized controlled trials and dose-response analysis has been conducted. 
	2-3

	4
	Provide an explicit statement of questions being addressed, with reference to participants, interventions, comparisons, outcomes, and study design (PICOS). 
	3-4

	5
	Indicate whether a review protocol exists and if and where it can be accessed (e.g., Web address); and, if available, provide registration information, including registration number. 
	3

	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale. Clearly describe eligible treatments included in the treatment network, and note whether any have been clustered or merged into the same node (with justification). 
	7-8

	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched. 
	3

	8
	Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 
	Supplementary 2

	9
	State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 
	4

	10
	Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators. 
	4-5

	11
	List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made. 
	5

	S1
	Describe methods used to explore the geometry of the treatment network under study and potential biases related to it. This should include how the evidence base has been graphically summarized for presentation, and what characteristics were compiled and used to describe the evidence base to readers.
	6-7

	12
	Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
	5-6, Supplementary 9

	13
	State the principal summary measures (e.g., risk ratio, difference in means). Also describe the use of additional summary measures assessed, such as treatment rankings and surface under the cumulative ranking curve (SUCRA) values, as well as modified approaches used to present summary findings from meta-analyses.
	6-7

	14
	Describe the methods of handling data and combining results of studies for each network meta-analysis. This should include, but not be limited to:  
· Handling of multi-arm trials;
· Selection of variance structure;
· Selection of prior distributions in Bayesian analyses; and
· Assessment of model fit. 
	6-7

	S2
	Describe the statistical methods used to evaluate the agreement of direct and indirect evidence in the treatment network(s) studied. Describe efforts taken to address its presence when found.
	Supplementary 4

	15
	Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies). 
	12,
Supplementary 11

	16
	Describe methods of additional analyses if done, indicating which were pre-specified. This may include, but not be limited to, the following: 
· Sensitivity or subgroup analyses;
· Meta-regression analyses; 
· Alternative formulations of the treatment network; and
· Use of alternative prior distributions for Bayesian analyses (if applicable). 
	6-7

	17
	Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram. 
	Figure 1

	S3
	Provide a network graph of the included studies to enable visualization of the geometry of the treatment network. 
	Supplementary 12

	S4
	Provide a brief overview of characteristics of the treatment network. This may include commentary on the abundance of trials and randomized patients for the different interventions and pairwise comparisons in the network, gaps of evidence in the treatment network, and potential biases reflected by the network structure.
	Supplementary 11

	18
	For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 
	Supplementary 3

	19
	Present data on risk of bias of each study and, if available, any outcome level assessment. 
	11,
Supplementary 9, and Supplementary 11

	20
	For all outcomes considered (benefits or harms), present, for each study: 1) simple summary data for each intervention group, and 2) effect estimates and confidence intervals. Modified approaches may be needed to deal with information from larger networks.
	NA

	21
	Present results of each meta-analysis done, including confidence/credible intervals. In larger networks, authors may focus on comparisons versus a particular comparator (e.g. placebo or standard care), with full findings presented in an appendix. League tables and forest plots may be considered to summarize pairwise comparisons. If additional summary measures were explored (such as treatment rankings), these should also be presented.
	Figure 2, Figure 3, and Figure 4

	S5
	Describe results from investigations of inconsistency. This may include such information as measures of model fit to compare consistency and inconsistency models, P values from statistical tests, or summary of inconsistency estimates from different parts of the treatment network.
	Supplementary 10

	22
	Present results of any assessment of risk of bias across studies for the evidence base being studied. 
	11,
Supplementary 9, and Supplementary 11

	23
	Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression analyses, alternative network geometries studied, alternative choice of prior distributions for Bayesian analyses, and so forth). 
	Figure 2

	24
	Summarize the main findings, including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy-makers). 
	11-15

	25
	Discuss limitations at study and outcome level (e.g., risk of bias), and at review level (e.g., incomplete retrieval of identified research, reporting bias). Comment on the validity of the assumptions, such as transitivity and consistency. Comment on any concerns regarding network geometry (e.g., avoidance of certain comparisons).
	14-15

	26
	Provide a general interpretation of the results in the context of other evidence, and implications for future research. 
	15

	27
	Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. This should also include information regarding whether funding has been received from manufacturers of treatments in the network and/or whether some of the authors are content experts with professional conflicts of interest that could affect use of treatments in the network.
	Declaration


PICOS = population, intervention, comparators, outcomes, study design.



[bookmark: _Toc1894445881][bookmark: _Toc405581265]Supplementary 2: Search Strategy 
[bookmark: _Toc1359371545]Database: PubMed <inception to January 4 2025> 
	Search number
	Query

	13
	(((("Child, Preschool"[Mesh]) OR ((((((((((preschooler[Title/Abstract]) OR ("preschool children"[Title/Abstract])) OR (kid[Title/Abstract])) OR ("early childhood"[Title/Abstract])) OR (preschool[Title/Abstract])) OR (infant[Title/Abstract])) OR (preschoolchild[Title/Abstract])) OR ("young children"[Title/Abstract])) OR (toddler[Title/Abstract])) OR (kids[Title/Abstract]))) AND (((Exercise[MeSH Terms]) OR (Aerobic Exercise[MeSH Terms])) OR (((((((((((((((((((((((("physical activity"[Title/Abstract]) OR ("physical intervention"[Title/Abstract])) OR ("physical education"[Title/Abstract])) OR (training[Title/Abstract])) OR ("endurance training"[Title/Abstract])) OR ("endurance exercise"[Title/Abstract])) OR ("power training"[Title/Abstract])) OR ("concurrent training"[Title/Abstract])) OR ("resistance training"[Title/Abstract])) OR (sport*[Title/Abstract])) OR (game*[Title/Abstract])) OR ("small-sided games"[Title/Abstract])) OR (running[Title/Abstract])) OR (riding[Title/Abstract])) OR (swimming[Title/Abstract])) OR (yoga[Title/Abstract])) OR (strength[Title/Abstract])) OR (jogging[Title/Abstract])) OR (stretch[Title/Abstract])) OR (basketball[Title/Abstract])) OR (football[Title/Abstract])) OR (handball[Title/Abstract])) OR (volleyball[Title/Abstract])) OR (soccer[Title/Abstract])))) AND (((("muscle strength"[MeSH Terms]) OR ("physical fitness"[MeSH Terms])) OR ("physical endurance"[MeSH Terms])) OR ((((((((((((((((((((((("body mass index"[Title/Abstract]) OR (BMI[Title/Abstract])) OR ("waist circumference"[Title/Abstract])) OR (obesity[Title/Abstract])) OR (overweight[Title/Abstract])) OR ("body fat"[Title/Abstract])) OR ("fat mass"[Title/Abstract])) OR ("physical health"[Title/Abstract])) OR ("physical fitness"[Title/Abstract])) OR ("cardiorespiratory fitness"[Title/Abstract])) OR (CRF[Title/Abstract])) OR (strength[Title/Abstract])) OR ("Flexibility Quality"[Title/Abstract])) OR ("muscular strength"[Title/Abstract])) OR (Coordination[Title/Abstract])) OR ("Dynamic Balance"[Title/Abstract])) OR ("Static Balance"[Title/Abstract])) OR ("Gross Motor Skills"[Title/Abstract])) OR ("Speed Sensitivity"[Title/Abstract])) OR ("Motor Skill"[Title/Abstract])) OR (agility[Title/Abstract])) OR ("vertical jump"[Title/Abstract])) OR ("grip strength"[Title/Abstract])))) AND ((((((("randomized controlled trial"[Publication Type]) OR (randomized[Title/Abstract])) OR (randomly[Title/Abstract])) OR (trial[Title/Abstract])) OR (groups[Title/Abstract])) NOT (animals[MeSH Terms])) NOT (humans[MeSH Terms]))

	12
	(((((("randomized controlled trial"[Publication Type]) OR (randomized[Title/Abstract])) OR (randomly[Title/Abstract])) OR (trial[Title/Abstract])) OR (groups[Title/Abstract])) NOT (animals[MeSH Terms])) NOT (humans[MeSH Terms])

	11
	humans[MeSH Terms]

	10
	animals[MeSH Terms]

	9
	(((("randomized controlled trial"[Publication Type]) OR (randomized[Title/Abstract])) OR (randomly[Title/Abstract])) OR (trial[Title/Abstract])) OR (groups[Title/Abstract])

	8
	((("muscle strength"[MeSH Terms]) OR ("physical fitness"[MeSH Terms])) OR ("physical endurance"[MeSH Terms])) OR ((((((((((((((((((((((("body mass index"[Title/Abstract]) OR (BMI[Title/Abstract])) OR ("waist circumference"[Title/Abstract])) OR (obesity[Title/Abstract])) OR (overweight[Title/Abstract])) OR ("body fat"[Title/Abstract])) OR ("fat mass"[Title/Abstract])) OR ("physical health"[Title/Abstract])) OR ("physical fitness"[Title/Abstract])) OR ("cardiorespiratory fitness"[Title/Abstract])) OR (CRF[Title/Abstract])) OR (strength[Title/Abstract])) OR ("Flexibility Quality"[Title/Abstract])) OR ("muscular strength"[Title/Abstract])) OR (Coordination[Title/Abstract])) OR ("Dynamic Balance"[Title/Abstract])) OR ("Static Balance"[Title/Abstract])) OR ("Gross Motor Skills"[Title/Abstract])) OR ("Speed Sensitivity"[Title/Abstract])) OR ("Motor Skill"[Title/Abstract])) OR (agility[Title/Abstract])) OR ("vertical jump"[Title/Abstract])) OR ("grip strength"[Title/Abstract])) 

	7
	 (((((((((((((((((((((("body mass index"[Title/Abstract]) OR (BMI[Title/Abstract])) OR ("waist circumference"[Title/Abstract])) OR (obesity[Title/Abstract])) OR (overweight[Title/Abstract])) OR ("body fat"[Title/Abstract])) OR ("fat mass"[Title/Abstract])) OR ("physical health"[Title/Abstract])) OR ("physical fitness"[Title/Abstract])) OR ("cardiorespiratory fitness"[Title/Abstract])) OR (CRF[Title/Abstract])) OR (strength[Title/Abstract])) OR ("Flexibility Quality"[Title/Abstract])) OR ("muscular strength"[Title/Abstract])) OR (Coordination[Title/Abstract])) OR ("Dynamic Balance"[Title/Abstract])) OR ("Static Balance"[Title/Abstract])) OR ("Gross Motor Skills"[Title/Abstract])) OR ("Speed Sensitivity"[Title/Abstract])) OR ("Motor Skill"[Title/Abstract])) OR (agility[Title/Abstract])) OR ("vertical jump"[Title/Abstract])) OR ("grip strength"[Title/Abstract]) 

	6
	(("muscle strength"[MeSH Terms]) OR ("physical fitness"[MeSH Terms])) OR ("physical endurance"[MeSH Terms]) 

	5
	((Exercise[MeSH Terms]) OR (Aerobic Exercise[MeSH Terms])) OR (((((((((((((((((((((((("physical activity"[Title/Abstract]) OR ("physical intervention"[Title/Abstract])) OR ("physical education"[Title/Abstract])) OR (training[Title/Abstract])) OR ("endurance training"[Title/Abstract])) OR ("endurance exercise"[Title/Abstract])) OR ("power training"[Title/Abstract])) OR ("concurrent training"[Title/Abstract])) OR ("resistance training"[Title/Abstract])) OR (sport*[Title/Abstract])) OR (game*[Title/Abstract])) OR ("small-sided games"[Title/Abstract])) OR (running[Title/Abstract])) OR (riding[Title/Abstract])) OR (swimming[Title/Abstract])) OR (yoga[Title/Abstract])) OR (strength[Title/Abstract])) OR (jogging[Title/Abstract])) OR (stretch[Title/Abstract])) OR (basketball[Title/Abstract])) OR (football[Title/Abstract])) OR (handball[Title/Abstract])) OR (volleyball[Title/Abstract])) OR (soccer[Title/Abstract]))

	4
	(((((((((((((((((((((((("physical activity"[Title/Abstract]) OR ("physical intervention"[Title/Abstract])) OR ("physical education"[Title/Abstract])) OR (training[Title/Abstract])) OR ("endurance training"[Title/Abstract])) OR ("endurance exercise"[Title/Abstract])) OR ("power training"[Title/Abstract])) OR ("concurrent training"[Title/Abstract])) OR ("resistance training"[Title/Abstract])) OR (sport*[Title/Abstract])) OR (game*[Title/Abstract])) OR ("small-sided games"[Title/Abstract])) OR (running[Title/Abstract])) OR (riding[Title/Abstract])) OR (swimming[Title/Abstract])) OR (yoga[Title/Abstract])) OR (strength[Title/Abstract])) OR (jogging[Title/Abstract])) OR (stretch[Title/Abstract])) OR (basketball[Title/Abstract])) OR (football[Title/Abstract])) OR (handball[Title/Abstract])) OR (volleyball[Title/Abstract])) OR (soccer[Title/Abstract]))

	3
	(Exercise[MeSH Terms]) OR (Aerobic Exercise[MeSH Terms]) 

	2
	((((((((((child, preschool[MeSH Terms]) OR (preschool[Title/Abstract])) OR (preschooler[Title/Abstract])) OR (infant*[Title/Abstract])) OR ("preschool children"[Title/Abstract])) OR (toddler[Title/Abstract])) OR (kid[Title/Abstract])) OR (kids[Title/Abstract])) OR ("young children"[Title/Abstract])) OR (preschoolchild[Title/Abstract])) OR ("early childhood"[Title/Abstract])

	1
	Child, Preschool[MeSH Terms]
































[bookmark: _Toc631485983]Database: Embase <1974 to January 4 2025>
Search Strategy: 
1. exp child, preschool/  
2. (preschooler or "preschool children" or kid or "early childhood" or preschool or infant or preschoolchild or "young children" or toddler or kids).ti,ab.  
3. 1 or 2  
4. exp exercise/  
5. exp aerobic exercise/  
6. ("physical activity" or "physical intervention" or "physical education" or training or "endurance training" or "endurance exercise" or "power training" or "concurrent training" or "resistance training" or sport* or game* or "small-sided games" or running or riding or swimming or yoga or strength or jogging or stretch or basketball or football or handball or volleyball or soccer).ti,ab.  
7. 4 or 5 or 6  
8. exp muscle strength/  
9. exp physical fitness/  
10. exp physical endurance/  
11. ("body mass index" or BMI or "waist circumference" or obesity or overweight or "body fat" or "fat mass" or "physical health" or "cardiorespiratory fitness" or CRF or strength or "Flexibility Quality" or "muscular strength" or Coordination or "Dynamic Balance" or "Static Balance" or "Gross Motor Skills" or "Speed Sensitivity" or "Motor Skill" or agility or "vertical jump" or "grip strength").ti,ab.  
12. 8 or 9 or 10 or 11  
13. randomized controlled trial.pt.  
14. controlled clinical trial.pt.  
15. randomized.ti,ab.  
16. randomly.ti,ab.  
17. trial.ti,ab.  
18. groups.ti,ab.  
19. 13 or 14 or 15 or 16 or 17 or 18 
20. animals/ not humans/  
21. 3 and 7 and 12 and 19  
22. 21 not 20  













[bookmark: _Toc159076735][bookmark: _Toc960425724]Database:Cochrane <inception to January 4 2025>

#1  MeSH descriptor: [Child, Preschool] explode all trees
#2  MeSH descriptor: [Child] explode all trees
#3  MeSH descriptor: [Adolescent] explode all trees
#4  preschooler:ti,ab,kw OR "preschool children":ti,ab,kw OR kid:ti,ab,kw OR "early childhood":ti,ab,kw OR preschool:ti,ab,kw OR infant:ti,ab,kw OR preschoolchild:ti,ab,kw OR "young children":ti,ab,kw OR toddler:ti,ab,kw OR kids:ti,ab,kw  
#5  #1 OR #2 OR #3 OR #4
#6  MeSH descriptor: [Exercise] explode all trees
#7  MeSH descriptor: [Aerobic Exercise] explode all trees
#8  "physical activity":ti,ab,kw OR "physical intervention":ti,ab,kw OR "physical education":ti,ab,kw OR training:ti,ab,kw OR "endurance training":ti,ab,kw OR "endurance exercise":ti,ab,kw OR "power training":ti,ab,kw OR "concurrent training":ti,ab,kw OR "resistance training":ti,ab,kw OR sport*:ti,ab,kw OR game*:ti,ab,kw OR "small-sided games":ti,ab,kw OR running:ti,ab,kw OR riding:ti,ab,kw OR swimming:ti,ab,kw OR yoga:ti,ab,kw OR strength:ti,ab,kw OR jogging:ti,ab,kw OR stretch:ti,ab,kw OR basketball:ti,ab,kw OR football:ti,ab,kw OR handball:ti,ab,kw OR volleyball:ti,ab,kw OR soccer:ti,ab,kw
#9  #6 OR #7 OR #8
#10 MeSH descriptor: [Muscle Strength] explode all trees
#11 MeSH descriptor: [Physical Fitness] explode all trees
#12 MeSH descriptor: [Physical Endurance] explode all trees
#13 "body mass index":ti,ab,kw OR BMI:ti,ab,kw OR "waist circumference":ti,ab,kw OR obesity:ti,ab,kw OR overweight:ti,ab,kw OR "body fat":ti,ab,kw OR "fat mass":ti,ab,kw OR "physical health":ti,ab,kw OR "physical fitness":ti,ab,kw OR "cardiorespiratory fitness":ti,ab,kw OR CRF:ti,ab,kw OR strength:ti,ab,kw OR "Flexibility Quality":ti,ab,kw OR "muscular strength":ti,ab,kw OR Coordination:ti,ab,kw OR "Dynamic Balance":ti,ab,kw OR "Static Balance":ti,ab,kw OR "Gross Motor Skills":ti,ab,kw OR "Speed Sensitivity":ti,ab,kw OR "Motor Skill":ti,ab,kw OR agility:ti,ab,kw OR "vertical jump":ti,ab,kw OR "grip strength":ti,ab,kw
#14 #10 OR #11 OR #12 OR #13
#15 MeSH descriptor: [Depression] explode all trees
#16 depression:ti,ab,kw OR depressive:ti,ab,kw OR depressed:ti,ab,kw OR melancholia:ti,ab,kw OR dysphoria:ti,ab,kw OR despair:ti,ab,kw OR despondency:ti,ab,kw OR "emotional depression":ti,ab,kw OR "depressive symptom":ti,ab,kw
#17 #15 OR #16
#18 randomized controlled trial:pt OR controlled clinical trial:pt OR randomized:ti,ab,kw OR placebo:ti,ab,kw OR drug therapy:sh OR randomly:ti,ab,kw OR trial:ti,ab,kw OR groups:ti,ab,kw
#19 #18 NOT (animals [MeSH descriptor] explode all trees NOT humans [MeSH descriptor] explode all trees)
#20 #5 AND #9 AND #14 AND #17 AND #19




[bookmark: _Toc98869663][bookmark: _Toc1388052416][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Database: Web of Science <1965 to January 4 2025>

#1 TOPIC: ("child" OR "children" OR "preschooler" OR "preschool children" OR "kid" OR "early childhood" OR "preschool" OR "infant" OR "preschoolchild" OR "young children" OR "toddler" OR "kids")
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#2 TOPIC: ("exercise" OR "aerobic exercise" OR "physical activity" OR "physical intervention" OR "physical education" OR "training" OR "endurance training" OR "endurance exercise" OR "power training" OR "concurrent training" OR "resistance training" OR "sport*" OR "game*" OR "small-sided games" OR "running" OR "riding" OR "swimming" OR "yoga" OR "strength" OR "jogging" OR "stretch" OR "basketball" OR "football" OR "handball" OR "volleyball" OR "soccer")
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#3 TOPIC: ("muscle strength" OR "physical fitness" OR "physical endurance" OR "body mass index" OR "BMI" OR "waist circumference" OR "obesity" OR "overweight" OR "body fat" OR "fat mass" OR "physical health" OR "cardiorespiratory fitness" OR "CRF" OR "strength" OR "Flexibility Quality" OR "muscular strength" OR "Coordination" OR "Dynamic Balance" OR "Static Balance" OR "Gross Motor Skills" OR "Speed Sensitivity" OR "Motor Skill" OR "agility" OR "vertical jump" OR "grip strength")
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#4 TOPIC: ("randomized controlled trial" OR "controlled clinical trial" OR "randomized" OR "randomly" OR "trial" OR "groups")
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

#5 (#1 AND #2 AND #3 AND #4) NOT TOPIC: ("animals")
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=All years
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[bookmark: _Toc491225277]Supplementary 3: Characteristics of studies and subjects included in the review
Table 3.1: Characteristics of subjects included in the review
	Study
	Country/Region
	Subjects 
(intervention/ control)
	Sex (boy/girl)
(intervention/ control)
	Mean Age 
(intervention/ control)

	
	
	
	
	

	Zhang et al. (2005)
	CHN
	155 (45/60/50)
	21/24 vs. 27/33 vs. 25/25
	5.4

	Elbanna et al. (2023)
	EGY
	30 (15/15)
	6/9 vs. 7/8
	5.03±0.74 vs. 4.95±0.62

	Zhang et al. (2023)
	CHN
	100 (49/50)
	49 vs. 50
	6.2±0.3 vs. 6.1±0.3

	Wick et al. (2021)
	GER
	54 (32/22)
	16/16 vs. 12/10
	4.6±0.8 vs. 4.5±0.5

	Veljkovic et al. (2021)
	SRB
	45 (23/22)
	9/14 vs. 9/13
	5.82±0.23 vs. 5.90±0.27

	Latorre‐Román et al. (2018)
	ESP
	111 (56/55)
	28/28 vs. 32/23
	4.4± 0.5

	Wang et al. (2023)
	CHN
	253 (55/52/45/44/57)
	20/25 vs. 32/20 vs. 30/25 vs. 20/24 vs. 34/23
	4.54±0.26 vs. 4.53±0.48 vs. 4.53±0.54 vs. 4.54±0.27 vs. 4.57±0.59

	Tan et al. (2016)
	CHN
	104(52/52)
	N/A
	5.1±0.3

	Martínez-Vizcaíno et al. (2018)
	ESP
	1434(619/815)
	317/302 vs. 402/413
	5.32±0.62/5.38±0.64 vs.  5.31±0.59/5.39±0.62

	Liu et al. (2021)
	CHN
	60(30/30)
	16/14 vs. 18/12
	4.57 vs. 4.6

	Abuín-Porras et al. (2020)
	ESP
	85(43/42)
	21/22 vs. 23/19
	4.5±0.5 vs. 4.6±0.5

	Fu et al. (2022)
	CHN
	101(51/50)
	25/26 vs. 26/24
	5-6

	Roth et al. (2015)
	GER
	709(368/341)
	165/203 vs. 176/165
	4.7±0.6 vs. 4.7±0.5

	Hacke et al. (2017)
	GER
	135(92/43)
	42/50 vs. 22/21
	4.8±0.8


N/A None available
[bookmark: _Toc1535585047]Table 3.2 Characteristics of interventions details and outcome included in the review
	    Study
	Intervention Detail
	Additional Intervention
	Intervention Site
	Intervention Intensity
	Total Weekly Exercise
	Session Duration
	Training Frequency
	Duration
	Compliance
	Outcome(s)

	
	Intervention group
	Control group
	
	
	
	
	
	
	
	
	

	Zhang      et al.  (2005)
	(a) Perform 10 basic gymnastic exercises.
(b) Complete a set of dumbbell-integrated gymnastic exercises.
	Regular PE lessons
	N/A
	Indoor
	N/A
	375 min/week
	60-90 min
	5 × per week
	6 months
	N/A
	SAR; Tennis Ball Throw; SLJ; Double-feet Continuous Jump; 10-m Shuttle Run Test; Balance Beam Walk 

	Elbanna    et al. (2023)
	Movements included midline (cross crawl, lazy 8, neck rolls, belly breathing), lengthening (the owl, arm activation), energy (brain buttons, energy yawn), and deepening attitude (hook up).
	Regular activity
	N/A
	Indoor
	N/A
	67.5 min/week
	15-30 min
	3 × per week
	8 weeks
	90%
	Functional Reach Test; OLS; 

	Zhang      et al. (2023)
	Running, stretching, jumping rope, sport games.
	Usually activities
	N/A
	Outdoor Playground
	60-70% of HRmax
	120 min/week
	30 min
	4× per week
	11 weeks
	N/A
	BMI;



Table 3.2 （continued）
	Study
	Intervention Detail
	Additional Intervention
	Intervention Site
	Intervention Intensity
	Total Weekly Exercise
	Session Duration
	Training Frequency
	Duration
	Compliance
	Outcome(s)

	
	Intervention group
	Control group
	
	
	
	
	
	
	
	
	

	Wick        et al. (2021)
	Balance, coordination, and strength training.(e.g tiptoe walking, animal mimicry, and movement to music).
	Regular PE lessons
	N/A
	N/A
	N/A
	40.5 min/week
	12-15 min
	3 × per week
	10 weeks
	N/A
	BMI; Grip Strength Test; SLJ; Hopping on Right/Left Leg Test; OLS; 

	Veljkovic  et al. (2021)
	Modified yoga program for preschoolers (ages 4-6) featuring animal mimicry and nature-inspired poses.
	Regular PE lessons
	N/A
	N/A
	N/A
	60  min/week
	20 min
	3 × per week
	12 weeks
	N/A
	BOT-2 Test

	Latorre‐ Román          et al. (2018)
	The program comprised aerobic games and gross locomotor movement.
	Regular PE lessons
	N/A
	Indoor Classroom
	N/A
	49.5 min/week
	15-18 min
	3 × per week
	10 weeks
	N/A
	BMI; SLJ; 10 × 20-m Test；Flamingo Test; 20-m Sprint Test;  


Table 3.2 （continued）
	Study
	Intervention Detail
	Additional Intervention
	Intervention Site
	Intervention Intensity
	Total Weekly Exercise
	Session Duration
	Training Frequency
	Duration
	Compliance
	Outcome(s)

	
	Intervention group
	Control group
	
	
	
	
	
	
	
	
	

	Wang       et al. (2023)
	(a) Basic Movement Group, including simple gymnastic movements such as running, jumping,and creeping.      
  (b) Rhythm Activities Group, engaging in physical activities synchronized with music and rhythm, such as clapping and marching.
  (c) Ball Games Group, including various ball activities such as kicking, throwing, catching, and dribbling.
(d) Multiple Activities Group, a comprehensive physical education program incorporating various movement forms, potentially integrating activities from previous groups.
	Regular PE lessons
	N/A
	N/A
	N/A
	60  min/week
	20 min
	3 × per week
	16 weeks
	N/A
	BMI; Standing SAR; Grip Strength Test; SLJ; 20-m Shuttle Run Test; Balance Beam Walk; OLS; 10-m Shuttle Run Test; Skip jump



Table 3.2 （continued）
	Study
	Intervention Detail
	Additional Intervention
	Intervention Site
	Intervention Intensity
	Total Weekly Exercise
	Session Duration
	Training Frequency
	Duration
	Compliance
	Outcome(s)

	
	Intervention group
	Control group
	
	
	
	
	
	
	
	
	

	Tan          et al. (2016)
	Quick walking, slow running, jumping, rope skipping, semi-squatting,
and slow crawling.
	Regular activity
		N/A



	Outdoor Playground
	50% HRR
	200 min/week
	40 min
	5 × per week
	10 weeks
	N/A
	BMI; WC; SAR; Grip Strength Test; SLJ; Double-feet Continuous Jump; 20-m Shuttle Run Test; Balance Beam Walk

	Martínez-Vizcaíno  et al. (2018)
	Sports games, playground games, dance ground games, dance and others activities focusing on developing motor skills.
	Regular PE lessons
	N/A
	Outdoor Playground
	N/A
	180 min/week
	60 min
	3 × per week
	36 weeks
	N/A
	BMI; WC; SLJ; 20-m Shuttle Run Test; 4 × 10-m Shuttle Run Test;  

	Liu           et al. (2021)
	8 exercise modules including agility, coordination, strength, speed,balance, flexibility, comprehensive quality (such as crawl, three-legged race, chasing game, throwing sandbag)
	Regular PE lessons
	N/A
	Outdoor Playground
	N/A
	187.5   min/week
	30-45 min
	5 × per week
	16 weeks
	N/A
	SAR; Tennis Ball Throw; SLJ; Double-feet Continuous Jump; 10-m Shuttle Run Test; OLS 





Table 3.2 （continued）
	Study
	Intervention Detail
	Additional Intervention
	Intervention Site
	Intervention Intensity
	Total Weekly Exercise
	Session Duration
	Training Frequency
	Duration
	Compliance
	Outcome(s)

	
	Intervention group
	Control group
	
	
	
	
	
	
	
	
	

	Abuín -Porras       et al. (2020)
	Balance training involved four 20-second sets per workstation, with 40-second rests between sets and 3-minute breaks between workstations.
	Regular PE lessons
	N/A
	Indoor
	N/A
	150  min/week
	30 min
	5 × per week
	8 weeks
	N/A
	BDI-II; PBS

	Fu            et al. (2022)
	2 modules including targeting motor skills (walking, jumping) and emphasizing physical fitness (balance, agility, and endurance).
	Regular PE lessons
	N/A
	Indoor
	Average heart rate (120–160 )
	67.5 min/week
	40-50 min
	1-2 × per week
	12 weeks
	N/A
	SAR; Tennis Ball Throw; SLJ; Double-leg timed hop test; 10-m Shuttle Run Test; Balance Beam Walk

	Roth         et al. (2015)
	Games was to enhance coordinative skills and perception(balance beam walk,  running, climbing, sliding,skipping rope, throwing and catching)
	Regular activity
	Behavioral strategies
	Indoor
	N/A
	150  min/week
	30 min
	5 × per week
	48 weeks
	N/A
	BMI; SLJ; Jumping Side to Side; OLS; Obstacle course

	Hacke      et al. (2017)
	The program featured psychomotor play, dance, and functional gymnastics, incorporating everyday items such as sponges and clothespins.
	Regular activity
		N/A



	N/A
	N/A
	90 min/week
	45 min
	2 × per week
	24 weeks
	N/A
	BMI;WC;Forward Bends; SLJ


N/A None available, HR Heart Rate, HRR Heart Rate Reserve, HRmax Maximum Heart Rate, BMI Body Mass Index, WC Waist Circumference, SAR Sit-and-Reach Test,  OLS One-Leg Standing Test, SLJ Standing Long Jump Te
List of included studies:
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GYM exercises on balance in preschool children: a randomized controlled trail. brain, 2, 3.
3.   Zhang, M., Garnier, H., Qian, G., & Li, S. (2023). Effect of 11 weeks of physical exercise on 
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composition, cardiovascular function, and physical fitness of 5-year-old children with obesity or normal body mass. Pediatric exercise science, 29(2), 245-253.
9.  Martínez-Vizcaíno, V., Pozuelo-Carrascosa, D. P., García-Prieto, J. C., Cavero-Redondo, I., 
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physical activity intervention in preschool children. Medicine and science in sports and exercise, 47(12), 2542-2551.
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[bookmark: _Toc1096091471]Supplementary 4: Assessment of Model Consistency 
We analyzed the data with the consistency model and the unrelated mean effect model, and compared the differences in the deviation, the number of estimated parameters in the network, and the Deviance Informative Criterion (DIC) indicators of the two models. If these are similar, it means that our research has good consistency1. Comparison of these parameters indicated good consistency across models (Table 4.1-9).

Table 4.1. Consistent and UME models fit comparison (Physical Fitness)
	Model
	pD
	Residual deviance
	Deviance
	DIC
	SD

	Consistent
	224.6
	213.995
	279.444
	458.9
	0.304

	UME
	234.7
	214.207
	279.656
	462.5
	0..359


pD: Number of estimated parameters; DIC: Deviance Informative Criterion; SD: Standard Deviation; UME: Unrelated Mean Effects. Scientific literature indicated that the main indicator to assess the model fit is the DIC. As lower DIC, better fit. 

Table 4.2 Consistent and UME models fit comparison (upper muscle strength)
	Model
	pD
	Residual deviance
	Deviance
	DIC
	SD

	Consistent
	16.8
	17.944
	2.229
	19.0
	0.145

	UME
	21.3
	20.372
	4.656
	22.0
	0.377


pD: Number of estimated parameters; DIC: Deviance Informative Criterion; SD: Standard Deviation; UME: Unrelated Mean Effects. Scientific literature indicated that the main indicator to assess the model fit is the DIC. As lower DIC, better fit. 

Table 4.3 Consistent and UME models fit comparison (lower muscle strength)
	Model
	pD
	Residual deviance
	Deviance
	DIC
	SD

	Consistent
	29.1
	28.516
	99.159
	126.5
	0.346

	UME
	32.8
	30.135
	100.778
	126.3
	0.401


pD: Number of estimated parameters; DIC: Deviance Informative Criterion; SD: Standard Deviation; UME: Unrelated Mean Effects. Scientific literature indicated that the main indicator to assess the model fit is the DIC. As lower DIC, better fit. 

Table 4.4 Consistent and UME models fit comparison (flexibility quality)
	Model
	pD
	Residual deviance
	Deviance
	DIC
	SD

	Consistent
	17.0
	17.744
	33.972
	50.8
	0.135

	UME
	25.9
	22.481
	38.708
	55.3
	0.294


pD: Number of estimated parameters; DIC: Deviance Informative Criterion; SD: Standard Deviation; UME: Unrelated Mean Effects. Scientific literature indicated that the main indicator to assess the model fit is the DIC. As lower DIC, better fit. 

Table 4.5 Consistent and UME models fit comparison (coordination)
	Model
	pD
	Residual deviance
	Deviance
	DIC
	SD

	Consistent
	14.0
	13.614
	12.527
	25.4
	0.500

	UME
	17.1
	16.272
	15.186
	27.5
	0.342


pD: Number of estimated parameters; DIC: Deviance Informative Criterion; SD: Standard Deviation; UME: Unrelated Mean Effects. Scientific literature indicated that the main indicator to assess the model fit is the DIC. As lower DIC, better fit. 


Table 4.6 Consistent and UME models fit comparison ( CRF)
	Model
	pD
	Residual deviance
	Deviance
	DIC
	SD

	Consistent
	20.4
	21.474
	-5.541
	13.3
	0.219

	UME
	19.1
	20.528
	-6.486
	10.8
	0.236


pD: Number of estimated parameters; DIC: Deviance Informative Criterion; SD: Standard Deviation; UME: Unrelated Mean Effects. Scientific literature indicated that the main indicator to assess the model fit is the DIC. As lower DIC, better fit. 


Table 4.7 Consistent and UME models fit comparison (static balance)
	Model
	pD
	Residual deviance
	Deviance
	DIC
	SD

	Consistent
	20.0
	20.194
	60.038
	79.4
	0.503

	UME
	18.1
	18.822
	58.667
	75.7
	0.409


pD: Number of estimated parameters; DIC: Deviance Informative Criterion; SD: Standard Deviation; UME: Unrelated Mean Effects. Scientific literature indicated that the main indicator to assess the model fit is the DIC. As lower DIC, better fit. 
1.	Wheeler DC, Hickson DA, Waller LA. Assessing local model adequacy in Bayesian hierarchical models using the partitioned deviance information criterion. Computational statistics & data analysis. 2010;54(6):1657-1671.

[bookmark: _Toc1167934525][bookmark: _Toc894629131][bookmark: OLE_LINK197][bookmark: OLE_LINK198]Supplementary 5: Node-splitting analysis of transitivity
[bookmark: OLE_LINK152][bookmark: OLE_LINK151][bookmark: OLE_LINK203][bookmark: OLE_LINK204][bookmark: OLE_LINK208][bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK202][bookmark: OLE_LINK201]We assessed inconsistency via MBNMA node-splitting approach. This method splits and compares contributions for a particular intervention contrast into direct and indirect evidence1. Similar effects denote good consistency. Table 5.1 below present the results for node-splitting analysis of inconsistency in this meta-analysis. The results showed that there was no inconsistency in our study (P>0.05).


Table 5.1 Node-splitting analysis of transitivity (Physical Fitness)
	Comparison
	p-value
	Median
	2.50%
	97.50%

	PA_40.5 vs Placebo_0
	0.086
	
	
	

	-> direct
	
	0.537
	0.095
	0.974

	-> indirect
	
	0.128
	0.078
	0.215

	-> MBNMA
	
	0.138
	0.079
	0.242

	PA_49.5 vs Placebo_0
	0.359
	
	
	

	-> direct
	
	0.055
	-0.268
	0.370

	-> indirect
	
	0.165
	0.095
	0.268

	-> MBNMA
	
	0.157
	0.093
	0.253

	PA_60 vs Placebo_0
	0.533
	
	
	

	-> direct
	
	0.227
	0.083
	0.364

	-> indirect
	
	0.157
	0.091
	0.257

	-> MBNMA
	
	0.175
	0.107
	0.265

	PA_67.5 vs Placebo_0
	0.300
	
	
	

	-> direct
	
	0.320
	0.009
	0.633

	-> indirect
	
	0.177
	0.111
	0.258

	-> MBNMA
	
	0.186
	0.116
	0.273

	PA_90 vs Placebo_0
	0.062
	
	
	

	-> direct
	
	-0.083
	-0.363
	0.205

	-> indirect
	
	0.240
	0.160
	0.325

	-> MBNMA
	
	0.214
	0.139
	0.297

	PA_120 vs Placebo_0
	0.239
	
	
	

	-> direct
	
	0.056
	-0.460
	0.601

	-> indirect
	
	0.246
	0.164
	0.329

	-> MBNMA
	
	0.240
	0.160
	0.325

	PA_150 vs Placebo_0
	0.486
	
	
	

	-> direct
	
	0.210
	-0.073
	0.503

	-> indirect
	
	0.268
	0.177
	0.362

	-> MBNMA
	
	0.261
	0.173
	0.352

	PA_180 vs Placebo_0
	0.160
	
	
	

	-> direct
	
	0.039
	-0.259
	0.330

	-> indirect
	
	0.304
	0.205
	0.402

	-> MBNMA
	
	0.275
	0.182
	0.375

	PA_187.5 vs Placebo_0
	0.001
	
	
	

	-> direct
	
	0.941
	0.612
	1.272

	-> indirect
	
	0.225
	0.135
	0.322

	-> MBNMA
	
	0.279
	0.184
	0.381

	PA_200 vs Placebo_0
	0.436
	
	
	

	-> direct
	
	0.184
	-0.108
	0.453

	-> indirect
	
	0.302
	0.198
	0.413

	-> MBNMA
	
	0.284
	0.185
	0.390

	PA_375 vs Placebo_0
	0.724
	
	
	

	-> direct
	
	0.373
	0.145
	0.602

	-> indirect
	
	0.310
	0.175
	0.497

	-> MBNMA
	
	0.328
	0.202
	0.475


The number after the PA represents the weekly dose (min/week). 


Table 5.2 Node-splitting analysis of transitivity (upper muscle strength)
	Comparison
	p-value
	Median
	2.50%
	97.50%

	PA_40.5 vs Placebo_0
	0.275
	
	
	

	-> direct
	
	-0.171
	-0.929
	0.539

	-> indirect
	
	0.219
	0.043
	0.447

	-> MBNMA
	
	0.189
	0.041
	0.391

	PA_60 vs Placebo_0
	0.151
	
	
	

	-> direct
	
	0.441
	0.148
	0.704

	-> indirect
	
	0.125
	-0.016
	0.309

	-> MBNMA
	
	0.227
	0.051
	0.426

	PA_67.5 vs Placebo_0
	0.512
	
	
	

	-> direct
	
	0.258
	-0.491
	0.997

	-> indirect
	
	0.233
	0.016
	0.464

	-> MBNMA
	
	0.239
	0.056
	0.437

	PA_187.5 vs Placebo_0
	0.263
	
	
	

	-> direct
	
	0.732
	0.016
	1.501

	-> indirect
	
	0.277
	0.006
	0.533

	-> MBNMA
	
	0.324
	0.083
	0.571

	PA_200 vs Placebo_0
	0.619
	
	
	

	-> direct
	
	0.346
	-0.382
	1.039

	-> indirect
	
	0.314
	0.015
	0.626

	-> MBNMA
	
	0.328
	0.084
	0.579

	PA_375 vs Placebo_0
	0.079
	
	
	

	-> direct
	
	0.021
	-0.336
	0.370

	-> indirect
	
	0.634
	0.303
	1.041

	-> MBNMA
	
	0.359
	0.094
	0.682


The number after the PA represents the weekly dose (min/week). 


Table 5.3 Node-splitting analysis of transitivity (lower muscle strength)
	Comparison
	p-value
	Median
	2.50%
	97.50%

	PA_40.5 vs Placebo_0
	0.059
	
	
	

	-> direct
	
	1.074
	0.175
	1.955

	-> indirect
	
	0.147
	0.032
	0.326

	-> MBNMA
	
	0.177
	0.046
	0.403

	PA_49.5 vs Placebo_0
	0.307
	
	
	

	-> direct
	
	0.483
	-0.420
	1.443

	-> indirect
	
	0.190
	0.036
	0.408

	-> MBNMA
	
	0.200
	0.054
	0.429

	PA_60 vs Placebo_0
	0.502
	
	
	

	-> direct
	
	0.079
	-0.379
	0.530

	-> indirect
	
	0.261
	0.066
	0.544

	-> MBNMA
	
	0.223
	0.061
	0.455

	PA_67.5 vs Placebo_0
	0.409
	
	
	

	-> direct
	
	0.240
	-0.663
	1.196

	-> indirect
	
	0.238
	0.053
	0.494

	-> MBNMA
	
	0.238
	0.066
	0.470

	PA_90 vs Placebo_0
	0.331
	
	
	

	-> direct
	
	-0.056
	-0.979
	0.846

	-> indirect
	
	0.296
	0.078
	0.548

	-> MBNMA
	
	0.275
	0.075
	0.516

	PA_150 vs Placebo_0
	0.471
	
	
	

	-> direct
	
	0.126
	-0.733
	0.982

	-> indirect
	
	0.365
	0.087
	0.674

	-> MBNMA
	
	0.337
	0.094
	0.620

	PA_180 vs Placebo_0
	0.352
	
	
	

	-> direct
	
	0.000
	-0.821
	0.824

	-> indirect
	
	0.405
	0.119
	0.728

	-> MBNMA
	
	0.358
	0.098
	0.659

	PA_187.5 vs Placebo_0
	0.048
	
	
	

	-> direct
	
	1.291
	0.505
	2.068

	-> indirect
	
	0.257
	0.031
	0.513

	-> MBNMA
	
	0.362
	0.099
	0.668

	PA_200 vs Placebo_0
	0.533
	
	
	

	-> direct
	
	0.467
	-0.479
	1.392

	-> indirect
	
	0.353
	0.054
	0.693

	-> MBNMA
	
	0.368
	0.100
	0.682

	PA_375 vs Placebo_0
	0.798
	
	
	

	-> direct
	
	0.405
	-0.222
	1.091

	-> indirect
	
	0.440
	0.048
	0.956

	-> MBNMA
	
	0.424
	0.114
	0.806


The number after the PA represents the weekly dose (min/week). 

Table 5.4 Node-splitting analysis of transitivity (flexibility quality)
	Comparison
	p-value
	Median
	2.50%
	97.50%

	PA_60 vs Placebo_0
	0.279
	
	
	

	-> direct
	
	-0.007
	-0.446
	0.406

	-> indirect
	
	0.301
	0.089
	0.616

	-> MBNMA
	
	0.227
	0.045
	0.441

	PA_67.5 vs Placebo_0
	0.455
	
	
	

	-> direct
	
	0.309
	-0.678
	1.290

	-> indirect
	
	0.247
	0.017
	0.511

	-> MBNMA
	
	0.245
	0.049
	0.468

	PA_90 vs Placebo_0
	0.364
	
	
	

	-> direct
	
	-0.023
	-0.927
	0.918

	-> indirect
	
	0.312
	0.046
	0.591

	-> MBNMA
	
	0.290
	0.057
	0.540

	PA_187.5 vs Placebo_0
	0.018
	
	
	

	-> direct
	
	1.399
	0.724
	2.018

	-> indirect
	
	0.294
	0.068
	0.496

	-> MBNMA
	
	0.407
	0.081
	0.740

	PA_200 vs Placebo_0
	0.408
	
	
	

	-> direct
	
	0.077
	-0.888
	0.935

	-> indirect
	
	0.476
	0.098
	0.844

	-> MBNMA
	
	0.417
	0.082
	0.760

	PA_375 vs Placebo_0
	0.670
	
	
	

	-> direct
	
	0.634
	-0.071
	1.292

	-> indirect
	
	0.393
	-0.147
	1.025

	-> MBNMA
	
	0.503
	0.094
	0.943


The number after the PA represents the weekly dose (min/week). 


Table 5.5 Node-splitting analysis of transitivity (coordination)
	Comparison
	p-value
	Median
	2.50%
	97.50%

	PA_40.5 vs Placebo_0
	0.495
	
	
	

	-> direct
	
	0.420
	-0.547
	1.426

	-> indirect
	
	0.277
	0.088
	0.663

	-> MBNMA
	
	0.285
	0.111
	0.641

	PA_60 vs Placebo_0
	0.104
	
	
	

	-> direct
	
	1.112
	0.320
	1.884

	-> indirect
	
	0.272
	0.129
	0.559

	-> MBNMA
	
	0.355
	0.143
	0.693

	PA_150 vs Placebo_0
	0.233
	
	
	

	-> direct
	
	0.223
	-0.445
	0.824

	-> indirect
	
	0.621
	0.311
	0.933

	-> MBNMA
	
	0.514
	0.233
	0.847

	PA_187.5 vs Placebo_0
	0.638
	
	
	

	-> direct
	
	0.565
	-0.507
	1.514

	-> indirect
	
	0.555
	0.176
	1.028

	-> MBNMA
	
	0.547
	0.248
	0.903

	PA_200 vs Placebo_0
	0.683
	
	
	

	-> direct
	
	0.571
	-0.359
	1.526

	-> indirect
	
	0.561
	0.166
	1.020

	-> MBNMA
	
	0.556
	0.253
	0.915

	PA_375 vs Placebo_0
	0.880
	
	
	

	-> direct
	
	0.669
	-0.008
	1.330

	-> indirect
	
	0.602
	0.112
	1.343

	-> MBNMA
	
	0.627
	0.276
	1.040


The number after the PA represents the weekly dose (min/week). 


Table 5.6 Node-splitting analysis of transitivity (CRF)
	Comparison
	p-value
	Median
	2.50%
	97.50%

	PA_49.5 vs Placebo_0
	0.275
	
	
	

	-> direct
	
	0.474
	-0.210
	1.132

	-> indirect
	
	0.169
	0.057
	0.340

	-> MBNMA
	
	0.182
	0.071
	0.363

	PA_60 vs Placebo_0
	0.666
	
	
	

	-> direct
	
	0.154
	-0.183
	0.513

	-> indirect
	
	0.223
	0.062
	0.465

	-> MBNMA
	
	0.206
	0.082
	0.390

	PA_67.5 vs Placebo_0
	0.408
	
	
	

	-> direct
	
	0.116
	-0.609
	0.818

	-> indirect
	
	0.230
	0.084
	0.431

	-> MBNMA
	
	0.221
	0.089
	0.408

	PA_180 vs Placebo_0
	0.053
	
	
	

	-> direct
	
	-0.044
	-0.404
	0.298

	-> indirect
	
	0.444
	0.252
	0.631

	-> MBNMA
	
	0.344
	0.138
	0.584

	PA_187.5 vs Placebo_0
	0.394
	
	
	

	-> direct
	
	0.636
	- -0.081
	1.367

	-> indirect
	
	0.326
	0.094
	0.580

	-> MBNMA
	
	0.349
	- 0.141
	0.593

	PA_200 vs Placebo_0
	0.592
	
	
	

	-> direct
	
	0.370
	-0.352
	1.080

	-> indirect
	
	0.361
	0.119
	0.643

	-> MBNMA
	
	0.356
	0.144
	0.606

	PA_375 vs Placebo_0
	0.367
	
	
	

	-> direct
	
	0.651
	0.188
	1.101

	-> indirect
	
	0.282
	-0.006
	0.705

	-> MBNMA
	
	0.417
	0.168
	0.740


The number after the PA represents the weekly dose (min/week). 


Table 5.7 Node-splitting analysis of transitivity (static balance)
	Comparison
	p-value
	Median
	2.50%
	97.50%

	PA_40.5 vs Placebo_0
	0.404
	
	
	

	-> direct
	
	0.195
	-0.902
	1.228

	-> indirect
	
	0.258
	0.046
	0.524

	-> MBNMA
	
	0.249
	0.064
	0.484

	PA_49.5 vs Placebo_0
	0.304
	
	
	

	-> direct
	
	-0.124
	-1.036
	0.772

	-> indirect
	
	0.318
	0.084
	0.602

	-> MBNMA
	
	0.285
	0.074
	0.530

	PA_60 vs Placebo_0
	0.487
	
	
	

	-> direct
	
	0.487
	0.025
	0.952

	-> indirect
	
	0.254
	-0.034
	0.589

	-> MBNMA
	
	0.319
	0.082
	0.577

	PA_67.5 vs Placebo_0
	0.429
	
	
	

	-> direct
	
	0.237
	-0.934
	1.339

	-> indirect
	
	0.350
	0.071
	0.657

	-> MBNMA
	
	0.340
	0.086
	0.612

	PA_150 vs Placebo_0
	0.368
	
	
	

	-> direct
	
	0.992
	0.032
	1.971

	-> indirect
	
	0.411
	-0.006
	0.917

	-> MBNMA
	
	0.523
	0.132
	0.973

	PA_187.5 vs Placebo_0
	0.575
	
	
	

	-> direct
	
	0.174
	-0.856
	1.159

	-> indirect
	
	0.314
	-0.098
	0.715

	-> MBNMA
	
	0.321
	-0.066
	0.716


The number after the PA represents the weekly dose (min/week). 


Reference
1.	van Valkenhoef G, Dias S, Ades AE, Welton NJ. Automated generation of node-splitting models for assessment of inconsistency in network meta-analysis. Res Synth Methods. 2016 Mar;7(1):80-93. doi: 10.1002/jrsm.1167. Epub 2015 Oct 13. PMID: 26461181; PMCID: PMC5057346.



[bookmark: _Toc1498792070][bookmark: _Toc1475028095][bookmark: OLE_LINK52][bookmark: OLE_LINK53]Supplementary 6: Non-linear functions and models fit comparison
The different doses of PA were meta-analysed as variations of the same intervention, rather than independent and unrelated interventions. This approach focuses on evaluating the dose-response relationship and determining the most appropriate function to fit the data. The selected function will subsequently be used in a Model-Based Network Meta-Analysis (MBNMA) to estimate the effects of different PA doses on different Outcomes.

Figure 6.1 NMA Dose-Response Relationship of PA on physical fitness
[image: ]









Figure 6.2 NMA Dose-Response Relationship of PA on upper muscle strength
[image: ]

Figure 6.3 NMA Dose-Response Relationship of PA on lower muscle strength
[image: ]


Figure 6.4 NMA Dose-Response Relationship of PA on flexibility quality
[image: ]

Figure 6.5 NMA Dose-Response Relationship of PA on coordination
[image: ]

Figure 6.6 NMA Dose-Response Relationship of PA on CRF
[image: ]
CRF Cardiorespiratory Fitness.


Figure 6.7 NMA Dose-Response Relationship of PA on static balance
[image: ]


[bookmark: _Toc215141180]Supplementary 7: Comparison of Dose-Response Models for Evaluating PA Effects

Table 7.1-7 shows the fit indices from each of the models fitted. For our data, restricted cubic splines show the best fit and were therefore used in subsequent analyses.

Table 7.1 Models fit comparison (physical fitness)
	Model
	DIC
	SD
	Deviance
	Residual deviance
	pD

	Emax
(common treatment effects)
	753.4
	NA
	649.43
	583.98
	26.86

	Emax
(random treatment effects)
	460.1
	0.351
	279.20
	213.75
	37.58

	Exponential
(common treatment effects)
	750.3
	NA
	646.79
	581.34
	26.30

	Exponential
(random treatment effects)
	462.1
	0.352
	279.12
	213.67
	39.94

	Restricted cubic spline
(common treatment effects; 3 knots)
	758.8
	NA
	654.45
	589.00
	25.85

	Restricted cubic spline
(random treatment effects; 3 knots)
	451.5
	0.359
	278.91
	213.46
	39.10

	Non-parametric monotonically up (common treatment effects)
	722.7
	NA
	617.60
	552.16
	27.04

	Non-parametric monotonically up (random treatment effects)
	460.7
	0.370
	277.64
	212.19
	38.64


DIC = Deviance Information Criterion; SD = Between-study Standard Deviation; pD: Number of estimated parameters. The SD is presented as the main value and (95% Credible Intervals).NA = Not Applicable.


Table 7.2 Models fit comparison (upper muscle strength)
	Model
	DIC
	SD
	Deviance
	Residual deviance
	pD

	Emax
(common treatment effects)
	22.1
	NA
	11.450
	27.166
	8.03

	Emax
(random treatment effects)
	21.1
	0.227
	5.140
	20.856
	10.34

	Exponential
(common treatment effects)
	19.6
	NA
	9.344
	25.059
	6.75

	Exponential
(random treatment effects)
	19.9
	0.178
	5.416
	21.132
	18.00

	Restricted cubic spline
(common treatment effects; 3 knots)
	18.1
	NA
	4.603
	20.319
	6.764

	Restricted cubic spline
(random treatment effects; 3 knots)
	17.3
	0.139
	3.383
	19.099
	8.58

	Non-parametric monotonically up (common treatment effects)
	23.6
	NA
	13.029 
	28.744
	9.03

	Non-parametric monotonically up (random treatment effects)
	22.1
	0.405
	4.730
	20.446
	9.90


DIC = Deviance Information Criterion; SD = Between-study Standard Deviation; pD: Number of estimated parameters. The SD is presented as the main value and (95% Credible Intervals).NA = Not Applicable.



Table 7.3 Models fit comparison (lower muscle strength)
	Model
	DIC
	SD
	Deviance
	Residual deviance
	pD

	Emax
(common treatment effects)
	160.3
	NA
	145.957
	75.314
	8.31

	Emax
(random treatment effects)
	125.7
	0.387
	100.521
	29.877
	12.94

	Exponential
(common treatment effects)
	158.4
	NA
	144.313
	73.669
	8.06

	Exponential
(random treatment effects)
	124.6
	0.389
	100.027
	29.384
	12.62

	Restricted cubic spline
(common treatment effects; 3 knots)
	161.1
	NA
	145.757
	75.114
	8.40

	Restricted cubic spline
(random treatment effects; 3 knots)
	124.5
	0.424
	99.595
	28.951
	12.44

	Non-parametric monotonically up (common treatment effects)
	151.1
	NA
	135.478
	64.835
	11.29

	Non-parametric monotonically up (random treatment effects)
	125.4
	0.610
	98.922
	28.279 
	11.60


DIC = Deviance Information Criterion; SD = Between-study Standard Deviation; pD: Number of estimated parameters. The SD is presented as the main value and (95% Credible Intervals).NA = Not Applicable.

Table 7.4 Models fit comparison (flexibility quality)
	Model
	DIC
	SD
	Deviance
	Residual deviance
	pD

	Emax
(common treatment effects)
	64.0
	NA
	53.26
	37.031
	7.16

	Emax
(random treatment effects)
	54.9
	0.362
	37.81
	21.579
	10.75

	Exponential
(common treatment effects)
	74.8
	NA
	61.87
	45.640
	17.34

	Exponential
(random treatment effects)
	54.8
	0.456
	37.19
	20.961
	10.08

	Restricted cubic spline
(common treatment effects; 3 knots)
	62.1
	NA
	50.64
	34.408
	6.96

	Restricted cubic spline
(random treatment effects; 3 knots)
	54.6
	0.345
	38.04
	21.895
	10.86

	Non-parametric monotonically up (common treatment effects)
	61.3
	NA
	49.90
	33.672
	8.03

	Non-parametric monotonically up (random treatment effects)
	54.9
	0.418
	37.40
	21.176
	9.98


DIC = Deviance Information Criterion; SD = Between-study Standard Deviation; pD: Number of estimated parameters. The SD is presented as the main value and (95% Credible Intervals).NA = Not Applicable.


Table 7.5 Models fit comparison (coordination)
	Model
	DIC
	SD
	Deviance
	Residual deviance
	pD

	Emax
(common treatment effects)
	31.4
	NA
	23.615
	24.701
	5.41

	Emax
(random treatment effects)
	24.6
	0.309
	13.099
	14.186
	7.53

	Exponential
(common treatment effects)
	30.7
	NA
	23.509
	24.596
	5.01

	Exponential
(random treatment effects)
	23.9
	0.290
	12.377
	13.464
	7.27

	Restricted cubic spline
(common treatment effects; 3 knots)
	31.7
	NA
	23.211 
	24.297
	95.61

	Restricted cubic spline
(random treatment effects; 3 knots)
	23.7
	0.419
	13.963
	15.049 
	8.60

	Non-parametric monotonically up (common treatment effects)
	27.8
	NA
	19.256
	20.342
	6.29

	Non-parametric monotonically up (random treatment effects)
	26.2
	0.466
	13.777
	14.863
	8.07


DIC = Deviance Information Criterion; SD = Between-study Standard Deviation; pD: Number of estimated parameters. The SD is presented as the main value and (95% Credible Intervals).NA = Not Applicable.


Table 7.6 Models fit comparison (CRF) 
	Model
	DIC
	SD
	Deviance
	Residual deviance
	pD

	Emax
(common treatment effects)
	34.7
	NA
	23.206
	50.221
	7.18

	Emax
(random treatment effects)
	11.8
	0.262
	-6.273
	20.741
	9.88

	Exponential
(common treatment effects)
	34.1
	NA
	22.932
	49.946
	6.80

	Exponential
(random treatment effects)
	12.5
	0.268
	-5.581
	21.434
	10.13

	Restricted cubic spline
(common treatment effects; 3 knots)
	23.7
	NA
	11.236
	38.251
	7.41

	Restricted cubic spline
(random treatment effects; 3 knots)
	11.6
	0.255
	-5.872
	21.143
	9.61

	Non-parametric monotonically up (common treatment effects)
	18.1
	NA
	5.873
	32.887
	8.62

	Non-parametric monotonically up (random treatment effects)
	12.0
	0.266
	-6.387
	20.628
	9.58


DIC = Deviance Information Criterion; SD = Between-study Standard Deviation; pD: Number of estimated parameters. The SD is presented as the main value and (95% Credible Intervals). CRF Cardiorespiratory Fitness.NA = Not Applicable.



Table 7.7 Models fit comparison (static balance)
	Model
	DIC
	SD
	Deviance
	Residual deviance
	pD

	Emax
(common treatment effects)
	111.2
	NA
	100.847
	61.003
	6.87

	Emax
(random treatment effects)
	76.0
	0.399
	58.994
	19.150
	9.18

	Exponential
(common treatment effects)
	109.4
	NA
	99.018
	59.173
	6.86

	Exponential
(random treatment effects)
	77.0
	0.400
	59.569
	19.725
	9.85

	Restricted cubic spline
(common treatment effects; 3 knots)
	111.9
	NA
	100.532
	60.687
	6.82

	Restricted cubic spline
(random treatment effects; 3 knots)
	75.7
	0.431
	59.013
	19.169 
	9.53

	Non-parametric monotonically up (common treatment effects)
	102.3
	NA
	91.319
	51.475
	7.85

	Non-parametric monotonically up (random treatment effects)
	76.3
	0.462
	58.606
	18.762 
	9.38


DIC = Deviance Information Criterion; SD = Between-study Standard Deviation; pD: Number of estimated parameters. The SD is presented as the main value and (95% Credible Intervals).NA = Not Applicable.



Supplementary File 8: Deviance Plots for Model Validation and Robustness
Figure 8.1 Deviance Plot on Physical Fitness
[image: ]
Figure 8.2 Deviance Plot on upper muscle strength
[image: ]
Figure 8.3 Deviance Plot on lower muscle strength
[image: ]
Figure 8.4 Deviance Plot on flexibility quality
[image: ]

Figure 8.5 Deviance Plot on coordination
[image: ]

Figure 8.6 Deviance Plot on CRF
[image: ]

Figure 8.7 Deviance Plot on static balance
[image: ]




[bookmark: _Toc1262935083][bookmark: _Toc1662834359]Supplementary 9: Risk of Bias 
[bookmark: _Toc421573033]Table 9.1 The risk of bias assessment for the individual included studies
	Number
	Study
	Randomization process
	Deviations from intended interventions
	Missing outcome data
	Measurement of the outcome
	Selection of the reported result
	Overall Bias

	1
	Zhang et al. (2005)
	Some concerns
	Some concerns
	Low
	Low
	Low
	Some concerns

	2
	Elbanna et al. (2023)
	Low
	Low
	Low
	Low
	Low
	Low

	3
	Zhang et al. (2023)
	Some concerns
	Some concerns
	High
	Low
	Low
	High

	4
	Wick et al. (2021)
	High
	Some concerns
	Low
	Low
	Low
	High

	5
	Veljkovic et al. (2021)
	High
	Some concerns
	Some concerns
	Low
	Low
	High

	6
	Latorre‐Román et al. (2018)
	Some concerns
	Some concerns
	Low
	Low
	Low
	Some concerns

	7
	Wang et al. (2023)
	Low
	Low
	Low
	Low
	Low
	Low

	8
	Tan et al. (2016)
	Some concerns
	Some concerns
	Low
	Low
	Low
	Some concerns

	9
	Martínez-Vizcaíno et al. (2018)
	Some concerns
	Some concerns
	Low
	Low
	Low
	Some concerns

	10
	Liu et al. (2021)
	Some concerns
	Some concerns
	Low
	Low
	Low
	Some concerns

	11
	Abuín-Porras et al. (2020)
	Low
	Low
	Low
	Low
	Low
	Low

	12
	Fu et al. (2022)
	Some concerns
	Some concerns
	Low
	Low
	Low
	Some concerns

	13
	Roth et al. (2015)
	Low
	Low
	Low
	Low
	Low
	Low

	14
	Hacke et al. (2017)
	High
	Low
	Low
	Low
	Low
	High







[bookmark: _Toc2052373302][bookmark: _Toc829414178][bookmark: _Toc647736969][bookmark: OLE_LINK75][bookmark: OLE_LINK74]Supplementary 10: Evaluation of heterogeneity and inconsistency
Table 10.1: Quantifying heterogeneity
	Outcomes
	τ2
	Q
	df
	P
	I2
	Heterogeneity assessment

	[bookmark: _Hlk158223824][bookmark: _Hlk76728334]Physical Fitness
	14.4
	9261.8
	205
	<0.0001
	97.8%
	High

	Upper Muscle Strength
	0.09
	42.2
	19
	0.0017
	55.0%
	Moderate

	Lower Muscle Strength
	33.9
	1492.9
	27
	<0.0001
	98.2%
	High

	Flexibility Quality
	3.8
	294.4
	19
	<0.0001
	93.5%
	High

	Coordination
	8.8
	721.3
	13
	<0.0001
	98.2%
	High

	CRF
	0.2
	147.6
	21
	<0.0001
	85.8%
	High

	Dynamic Balance
	1.4
	87.4
	21
	<0.0001
	76.0%
	High

	Static Blance
	14.2
	527.5
	19
	<0.0001
	96.4%
	High












[bookmark: _Toc431254745]

[bookmark: _Toc1355748600]Supplementary 11: Publication bias
The funnel plot was created using Stata’s metafunnel command, which assumes a random-effects model. The triangular dashed lines represent the region within which 95% of studies would fall under the assumption of no publication bias, calculated based on the pooled random-effects estimate and standard errors. These boundaries are theoretical and may not exactly match the smallest observed standard error in the dataset.

Figure 11.1 The funnel plot of upper muscle strength. The result of Egger test showed the p=0.970
[image: ]
Funnel plot of studies included in the meta-analysis. The dashed lines represent the 95% confidence region for the effect size based on the random-effects model.

Figure 11.2 The funnel plot of lower muscle strength. The result of Egger test showed the p=0.013
[image: ]
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Funnel plot of studies included in the meta-analysis. The dashed lines represent the 95% confidence region for the effect size based on the random-effects model.
Figure 11.3 The funnel plot of flexibility quality. The result of Egger test showed the p= 0.021
[image: ]
Funnel plot of studies included in the meta-analysis. The dashed lines represent the 95% confidence region for the effect size based on the random-effects model.


Figure 11.4 The funnel plot of coordination. The result of Egger test showed the p=0.001
[image: ]
Funnel plot of studies included in the meta-analysis. The dashed lines represent the 95% confidence region for the effect size based on the random-effects model.







Figure11.5 The funnel plot of CRF. The result of Egger test showed the p=0.005
[image: ]
Funnel plot of studies included in the meta-analysis. The dashed lines represent the 95% confidence region for the effect size based on the random-effects model. CRF Cardiorespiratory Fitness.



Figure 11.6 The funnel plot of dynamic balance. The result of Egger test showed the p=0.070
[image: ]
Funnel plot of studies included in the meta-analysis. The dashed lines represent the 95% confidence region for the effect size based on the random-effects model. 




Figure 11.7 The funnel plot of static balance. The result of Egger test showed the p=0.011
[image: ]
Funnel plot of studies included in the meta-analysis. The dashed lines represent the 95% confidence region for the effect size based on the random-effects model. 























[bookmark: _Toc1265225530]Supplementary 12: Network plot
Within the 62 studies, a total of 9866 participants reported physical fitness.
[image: 连接图 fitness]
Figure 12.1: Network plot of physical health. The size of the nodes corresponds to the number of participants randomized to PA invention dose(minutes/week): PA_40.5, PA_49.5, PA_60, PA_67.5, PA_70, PA_90, PA_105, PA_120, PA_125, PA_135, PA_150, PA_180, PA_187.5, PA_200, PA_375. Each intervention dose size with direct comparisons is linked with a line; its thickness corresponds to the number of trials evaluating the comparison. The numbers inside the circles represent the PA intervention dose. CON control group.
Within the 10 studies, a total of 466 participants reported upper muscle strength.
[image: ]
Figure 12.2: Network plot of upper muscle strength. The size of the nodes corresponds to the number of participants randomized to PA invention dose(minutes/week): PA_40.5, PA_60, PA_67.5, PA_187.5, PA_200, PA_375. Each intervention dose size with direct comparisons is linked with a line; its thickness corresponds to the number of trials evaluating the comparison. The numbers inside the circles represent the PA intervention dose. CON control group.

Within the 14 studies, a total of 1593 participants reported lower muscle strength.
[image: ]
Figure 12.3: Network plot of lower muscle strength. The size of the nodes corresponds to the number of participants randomized to PA invention dose(minutes/week): PA_40.5, PA_49.5, PA_60, PA_67.5, PA_90, PA_150, PA_180, PA_187.5, PA_200, PA_375. Each intervention dose size with direct comparisons is linked with a line; its thickness corresponds to the number of trials evaluating the comparison. The numbers inside the circles represent the PA intervention dose. CON control group.


Within the 10 studies, a total of 518 participants reported flexibility quality.
[image: ]


Figure 12.4: Network plot of flexibility quality. The size of the nodes corresponds to the number of participants randomized to PA invention dose(minutes/week): PA_60, PA_67.5, PA_90, PA_187.5, PA_200, PA_375. Each intervention dose size with direct comparisons is linked with a line; its thickness corresponds to the number of trials evaluating the comparison. The numbers inside the circles represent the PA intervention dose. CON control group.












Within the 7 studies, a total of 610 participants reported coordination.
[image: ]


Figure 12.5: Network plot of coordination. The size of the nodes corresponds to the number of participants randomized to PA invention dose(minutes/week): PA_40.5, PA_60, PA_150, PA_187.5, PA_200, PA_375. Each intervention dose size with direct comparisons are linked with a line; its thickness corresponds to the number of trials evaluating the comparison.The numbers inside the circles represent the PA intervention dose. CON control group.












Within the 11 studies, a total of 1109 participants reported CRF.
[image: ]
Figure 12.6: Network plot of CRF. The size of the nodes corresponds to the number of participants randomized to PA invention dose(minutes/week): PA_60, PA_67.5, PA_180, PA_187.5, PA_200, PA_375. Each intervention dose size with direct comparisons is linked with a line; its thickness corresponds to the number of trials evaluating the comparison. The numbers inside the circles represent the PA intervention dose. CON control group. CRF Cardiorespiratory Fitness.














Within the 11 studies, a total of 740 participants reported static balance.
[image: ]
Figure 12.7: Network plot of static balance. The size of the nodes corresponds to the number of participants randomized to PA invention dose(minutes/week): PA_40.5, PA_49.5, PA_60, PA_67.5, PA_150, PA_187.5,. Each intervention dose size with direct comparisons are linked with a line; its thickness corresponds to the number of trials evaluating the comparison. The numbers inside the circles represent the PA intervention dose. CON control group.
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