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[bookmark: _Toc3649]Appendix 1: Search strategy
1. PubMed
	Search number
	Query

	1
	"Exercise"[Mesh] OR "Exercise Therapy"[Mesh] OR exercis[tiab] OR "physical activit"[tiab] OR "physical training"[tiab] OR "aerobic training"[tiab] OR "resistance training"[tiab]

	2
	"Pediatric Obesity"[Mesh] OR "obesity"[Mesh] OR obes[tiab] OR "overweight"[tiab] OR "adiposity"[tiab] OR "body mass index"[tiab] OR "BMI"[tiab]

	3
	"Adolescent"[Mesh] OR adolescen[tiab] OR teen[tiab] OR youth[tiab] OR "young people"[tiab] OR "high school"[tiab]

	4
	"Triglycerides"[Mesh] OR "Blood Glucose"[Mesh] OR "triglyceride glucose index"[tiab] OR "TyG index"[tiab] OR "triglyceride-glucose"[tiab] OR "TG/HDL"[tiab] OR "triglyceride to glucose"[tiab]

	5
	"randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR randomly[tiab] OR trial[tiab] OR placebo[tiab]

	6
	#1 AND #2 AND #3 AND #4AND #5



2. Embase
	Search number
	Query

	1
	'exercise'/exp OR 'kinesiotherapy'/exp OR exercis:ti,ab OR 'physical activit':ti,ab OR 'physical training':ti,ab OR 'aerobic training':ti,ab OR 'resistance training':ti,ab

	2
	'pediatric obesity'/exp OR 'obesity'/exp OR obes*:ti,ab OR 'overweight':ti,ab OR 'adiposity':ti,ab OR 'body mass index':ti,ab OR 'bmi':ti,ab

	3
	'adolescent'/exp OR adolescen*:ti,ab OR teen:ti,ab OR youth:ti,ab OR 'young people':ti,ab OR 'high school':ti,ab

	4
	'triglyceride'/exp OR 'glucose blood level'/exp OR 'triglyceride glucose index':ti,ab OR 'tyg index':ti,ab OR 'triglyceride-glucose':ti,ab OR 'tg/hdl':ti,ab OR 'triglyceride to glucose':ti,ab

	5
	'randomized controlled trial'/exp OR random:ti,ab OR placebo:ti,ab OR 'clinical trial':ti,ab

	6
	#1 AND #2 AND #3 AND #4 AND #5



3. Cochrane Library
	Search number
	Query

	1
	MeSH descriptor: [Exercise] explode all trees

	2
	MeSH descriptor: [Exercise Therapy] explode all trees

	3
	exercis:ti,ab,kw OR "physical activit":ti,ab,kw OR "physical training":ti,ab,kw OR "aerobic training":ti,ab,kw OR "resistance training":ti,ab,kw

	4
	MeSH descriptor: [Pediatric Obesity] explode all trees

	5
	MeSH descriptor: [Obesity] explode all trees

	6
	obes:ti,ab,kw OR "overweight":ti,ab,kw OR "adiposity":ti,ab,kw OR "body mass index":ti,ab,kw OR "bmi":ti,ab,kw

	7
	MeSH descriptor: [Adolescent] explode all trees

	8
	adolescen:ti,ab,kw OR teen:ti,ab,kw OR youth:ti,ab,kw OR "young people":ti,ab,kw OR "high school":ti,ab,kw

	9
	 MeSH descriptor: [Triglycerides] explode all trees

	10
	MeSH descriptor: [Blood Glucose] explode all trees

	11
	"triglyceride glucose index":ti,ab,kw OR "tyg index":ti,ab,kw OR "triglyceride-glucose":ti,ab,kw OR "tg/hdl":ti,ab,kw OR "triglyceride to glucose":ti,ab,kw

	12
	#1 OR #2 OR #3

	13
	#4 OR #5 OR #6

	14
	#7 OR #8

	15
	#9 OR #10 OR #11

	16
	#12 AND #13 AND #14 AND #15



4. Web of Science
	Search number
	Query

	1
	TS=(exercis* OR "physical activit" OR "physical training" OR "aerobic training" OR "resistance training") AND
TS=(obes OR "overweight" OR "adiposity" OR "body mass index" OR "BMI") AND
TS=(adolescen* OR teen* OR youth* OR "young people" OR "high school") AND
TS=("triglyceride glucose index" OR "TyG index" OR "triglyceride-glucose" OR "TG/HDL" OR "triglyceride to glucose") AND
TS=((randomi* NEAR/2 (trial* OR study OR control)) OR placebo OR "controlled trial" OR "clinical trial")
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[bookmark: _Toc14383][bookmark: _Toc13469]Appendix 2: Demographic characteristics of included studies
	First Author(year)
	Region
	Design,&participants
	Exercise Intervention Control
	MET

	Vasconcellos（2021）
	Brazil
	Intervention:n=6,age=13.9±1.6 yr,BMI=30.5±2.1 kg/m²;Control:n=7,age=14.7±2.3 yr,BMI=30.8±3.1 kg/m²
	Intervention:Aerobic Exercise;Recreational Soccer Program:Small-sided games(2v2, 3v3,4v4),3 sessions/ week,60 min/ session,~85%HRmax.
Control:No structured exercise.
	~9 METs

	Staiano
（2017）
	USA
	Intervention:n=22,age=14-18 yr,BMI percentile≥85th; Control:n=19
	Intervention:Aerobic Exercise;Dance Exergaming:Group-based dance video games,3 sessions/week,60 min/session,self-selected intensity
Control:No structured exercise.
	~3.5

	Tadiotto
（2023）
	Brazil
	Intervention:HIIT:n=13;
MICT:n=15;Control:n=24
	Intervention:HIIT:Stationary cycling,3 sessions/week,~35 min/ session,intervals at 80-100% HRres; MICT:Stationary cycling,3 sessions/ week,60 min/session,intensity 35- 75%HRres.
Control:No structured exercise.
	 HIIT: ~8 (Vigorous-intensity); MICT: ~5 (Moderate-intensity)

	Leite
（2022）
	Brazil
	Intervention:MICT:n=20;
HIIT:n=20;Control:n=16
	Intervention:MICT: Cycling/walking, 3 sessions/week, 90 min/session, 35-75%HRres (5.0 METs);
HIIT: ~45 min/session, 3 sessions/week, intervals at 100% MAS (8.0 METs) with decreasing recovery time.
Control:No structured exercise.
	8.0

	Salus
（2022）
	Estonia
	Intervention:n=14,age=13.1±0.3 yr,BMI=30.3±0.9 kg/m²;Control:n=14,age=13.7±0.4 yr,BMI=32.6±1.6 kg/m²
	Intervention:Sprint Interval Training:3 sessions/week for 12 weeks,4-6 sets of 30s all-out cycling sprints with 4min recovery.
Control:No structured exercise.
	 ~12 (during sprint bouts)

	Pablos
（2018）
	Spain
	Intervention:n=82;
Control:n=76;5th or 6th grade
	Intervention:HHP Program:8-month extracurricular program,twice/week, 75 min/session(150min/week),includ es health education and themed sport s games.
Control:No structured exercise.
	4.0

	Emir Tas
（2023）
	USA
	Intervention:n=34;Control:n=6;age 13-18 yr,BMI=36.7±5.8 kg/m²
	Intervention:HIIT:Supervised program,3 sessions/week for 4 weeks,45 min/session,10 sets of 1-min high-intensity exercise at 80-90%HRmax with 2min recovery.
Control:No structured exercise.
	~ 8–12 METs

	da Silva
(2024)
	Brazil
	Intervention:ATG:n=20,
age=16.05±1.1 yr,50%female;STG:n=20,
age=16.95±1.1 yr,50%female;CTG:n=20,
age=16.63±1.1 yr,55%female;Control:n=20,
age=15.74±1.1 
yr,55%female
	Intervention:ATG:High-intensity aerobic training,4×/week,30 min/ session at 75%HRres; STG:High-intensity resistance training,4×/week,50 min/session at 85%1RM;CTG:Combined training,4×/week,40 min/session (20min aerobic+20min resistance).
Control:No structured exercise.
	ATG : 5.0 METs
STG : 6.0 MET
CTG : 5.5 METs

	Rong Xiangjiang
（2007）
	China
	Intervention:n=54;
Control:n=54;age 12-13 yr
	Intervention:Aerobic Exercise:7 sessions/week for 3 months,40-50 min/session at 70-80%HRmax.
Control:No structured exercise.
	7.5

	Liu Wen(2008)
	China
	Intervention:n=25;
Control:n=24;age 12-14 yr
	Intervention:Combined Training:3 months high intensity(aerobic 5 days/week,strength 2 days/week) followed by 6 months low intensity (aerobic 4 days/week,strength 2 days/week).
Control:No structured exercise.
	3-7

	Guojian He(2010)
	China
	Intervention:n=24,
age=12.27±1.53 yr;Control:n=24,
age=11.81±1.85 yr
	Intervention:Aerobic Exercise:3 sessions/week,70 min/session(warm-up 10min+strength 20min+aerobic 30min+ relaxation 10min)at 30-40% HRmax.
Control:No structured exercise.
	3.0

	Hongling Cheng(2012)
	China
	Intervention:n=30;
Control:n=30;age 13-14 yr
	Intervention:Combined Training:2 additional sessions/week for 8 weeks, 60-70 min/session(resistance,aerobic and games).
Control:No structured exercise.
	5.2
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Appendix 3: Within-study risk of bias
	Study
	D1
	D2
	D3
	D4
	D5
	Overall

	Metabolites
2024
	Some
concerns
	Some
concerns
	Low risk
	Low risk
	Low
risk
	Some
concerns

	Hongling
Cheng2012
	Some
concerns
	Some
concerns
	Low risk
	Low risk
	Low
risk
	Some
concerns

	Leite2022
	High risk
	Some
concerns
	Some
concerns
	Low risk
	Low
risk
	High risk

	Pablos2018
	Some
concerns
	Some
concerns
	Low risk
	Low risk
	Low
risk
	Some
concerns

	Salus2022
	High risk
	Some
concerns
	Some
concerns
	Low risk
	Low
risk
	High risk

	Staiano2016
	Some
concerns
	Some
concerns
	Some
concerns
	Low risk
	Low
risk
	Some
concerns

	Tadiotto2023
	High risk
	Some
concerns
	Low risk
	Low risk
	Low
risk
	High risk

	Tas2023
	Low risk
	Some
concerns
	Some
concerns
	Some
concerns
	Low
risk
	Low risk

	Vasconcellos
2020
	Some
concerns
	Some
concerns
	Low risk
	Low risk
	Low
risk
	Some
concerns

	Liu Wen2008
	High risk
	Some
concerns
	Some
concerns
	Low risk
	Low
risk
	High risk

	Guojian
He2010
	Some
concerns
	Some
concerns
	Some
concerns
	Low risk
	Low
risk
	Some
concerns

	Xiangjiang
Rong2007
	High risk
	Some
concerns
	Low risk
	Low risk
	Low
risk
	High risk


Figure S1. Risk of bias of FBG.
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Figure S2. Risk of bias of TG.
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Figure S3. Risk of bias of TYG.
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Figure S4. Funnel plot of FBG.
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Figure S5. Funnel plot of TG.
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Figure S6. Funnel plot of TYG.
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Figure S7. Posterior density and MCMC trace plots for model parameters of FBG.
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Figure S8. Posterior density and MCMC trace plots for model parameters of TG.
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Figure S9. Posterior density and MCMC trace plots for model parameters of TYG.
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