HEHqm 2021 FE F425 F18 g Sport Science Research

=0 5o JEE ) B Ul 2R 95 a2 8 R G N 4R R R AE B
T/ B R B 5O BiE BERS W HY Meta 43

Jal T

WiR B
EEEIIT
1EE B

2020-03-02

 E. B8 Meta 4 7 ik & SR % 5% 4 18 BRI 2k (HUT) FedF 2 4 A9 % (CAT)
SNE VGG RRS 5 SHERG AR B RAR, ARITEFSFBES ERBEAK
BEARIE, FIN 14 B AN K, VA PRISMA 7 B #9474 33 14 5 Lkt
A e i B3R, 4% . (1)HIT 5 CAT s+F ¥ 4k & 4= BMI 8 T2 R £ %3+
FERBEFBEF, ARBEEGTRALRALEILZWZF;(2)HIT 5 CAT 2 F J 4
B RKIZEAE (VOu,) M A E (VO,.0) VK 45 JE (SBP) #2477k JE (DBP) # T T2k R A2
GitF LR EFHEF, 12 HUT 53 F U F VOsu. VOsu #= DBP B2 5 F £ T
CAT,CAT #+ 4 ¥ 4 SBP #9 %2 5 B4k F HIIT; (3) 9% & b 5 5 h 4k B Ao e Bk 7
AT G RF S RA A CAT SR E AR AE 5 BMI A SBP 45 4789 T FACR A T
HIT,HIIT %} VO,,, #= DBP # T AR T CAT; e A& VS 220 F  HIT #H4AE 4k
fig % . BMI, VO, #7 DBP % 384749 F AR T CAT, HIT 5 CAT & 4 4 SBP
o F AR EM

KW ZHBENA BRI % F A B % Fhmy; SMER; F O F M

PR S>ES.GR04 I#HAFEA. A LFHF.1006—1207(2021)01—0077—09
DOI ; 10.12064/ssr.20210111

S

N

Effects of High-intensity Interval Training and Continuous Aerobic Training on Body
Composition and Cardiorespiratory Fitness of Healthy and Obese Adolescents: A Meta
Analysis

ZHOU Haixu

(Jilin Sport University, Changchun 130022, China)

Abstract: Meta-analysis was used to systematically evaluate the effects of high-intensity interval
training (HIIT) and continuous aerobic training (CAT) on adolescents' body composition and car-
diopulmonary fitness in order to provide effective reference for designing adolescent exercise pro-
gram. A total of 14 articles meeting the research criteria were included, and the risk of bias assessment
was performed for the 14 articles according to the criteria stated by PRISMA. The results were as fol-
lows: (1) There was no statistically significant difference in the intervention effects of HIIT and CAT
on adolescent body weight and BMI, but there were significant differences in the intervention effects
on body fat rate. (2) There was no statistically significant difference in the intervention effects of HIIT
and CAT on adolescent VOyp, VO SBP and DBP, but the overall effect of HIIT on adolescent
VO, VO and DBP was better than CAT, and the overall effect of CAT on adolescent SBP was
better than HIIT. (3) The adolescents were divided into healthy and obese subgroups. In the healthy
subgroup, the intervention effect of CAT on body weight, body fat rate, BMI and SBP was better than
HIIT, and the intervention effect of HIIT on VO, and DBP was better than CAT. In the obese sub-
group, the intervention effect of HIIT on body weight, body fat rate, BMI, VO, and DBP was better
than CAT. HIIT and CAT had similar intervention effects on SBP in healthy adolescents.

Key Words: high-intensity interval training; continuous aerobic training; body composition; car-
diopulmonary fitness; adolescents; obesity
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i 18R G5 25 38 F1 Meta 3 A7 B 3 41 15 19 %% H
(PRISMA ) HiL5E it B #E A7 150, 5%k feg 5 J32 T BN 2 %k
R DA B A B3 B It 1 BB T TSR 1 Bl AL % i
S AR BEALG BRI FEAT R R, SCHRAS 2R T
I F RIS E 78 E K (CNKI) PubMed ,Web
of Science ,SPORTDiscus . ScienceDirect %% I /& &
FOCHk, DL R BIZE (“high-intensity interval
training” “high-intensity intermittent training” “high-in-
tensity interval exercise” “sprint interval training” “HI-
IT"“HHE”“HIT”“SIT”) . FF 24 % Yl 2k (“continuous
aerobic training” “continuous aerobic exercise” “contin-
uous endurance training” “continuous endurance exer-
cise” “aerobic endurance training” “aerobic exercise”
“endurance training” “CAT” “AET” “ET”). & > 4
(“adolescen” “teen*” “youth” “child” “children” “paedi-
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atric” “pediatric” “adolescen*” “ juvenile*” ) 25 >k #5 & 7l
WATKE R, e — KK R HIHoh 2019 4% 11 A, LB
W RUE A R SR A 42 2 0 M6 PRISMA 75 Bl
5 8 S UK B MLE , 1Bk SPORTDiscus 4 4 i,
WA 2R (AR R 45 R
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YAAFRUE (1) SE50 BT R BEAL I 55 B Rl AL X
MRALHG 5 (2) 52 M AT D 4F 4RI 8~17 %
(3) T it Jy HIT F1 CAT; (4) 45 )5 15 5y B A
By (R BMI ARG 8 55 ) FLLO i & BB AH OC 458 A
[ K S (VO ) L WP 558 4L i (VOgpem) | WAL
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IR B I L, BRS LE /N T 20% 5 (7) 35
FEAE, H 20 AN RO AR AR R TR (8) 4 4% 71
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JRFE bR oA S AR, X R I S RN A B AT
G I, FINAURR E 22 (Weight Mean Difference,
WMD) 55 45 1 2 %k 2% (Standardized Mean Differences,
SMD) # 7R, I 3155 H 95% Al {7 X [H] (CI) 1 4
MY OB, AR 45 Ry 48 An PEAN B 1 1 22 57 D R 45
Jai 8 bR VT B — SO DLk 3 B WMD Fi SMD i
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12<50% , >R JH [#] 5 2500 A RIS AR S 1) e 3 O £ 3
3o I Sk B K6 56, Cochrane £ 42 34 T W b 42 o U <
KLV R G & 04T HIPEAL , W — 5 Meta
OIS AE AR /INFEARIF TR, X F LA 4 525 R
T I T A i S 2 R AR b T SF B R S B
ANKEFR O 8 T4 3 2 A R T U A3 A S
Ik SR FH T8 2 00 A5 28 4R I I 200 7 5 78 SR T 2 )
G RER —H3GHR G EL SR ER LEAA
SCHR , K I PR SCHER R S A RN L, AR
SCfii ] Revman5.3 Fil Excel 5% 44 %F %% 4 ik 17 &b 32
SCHEIT A et 2 4 A 2 A3 f RSO AS: 55, B S 5
% Q Gt I P<0.1 AW EMAKY, HeG it &
M4 E P<0.05 AESITHER,
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Figurel Literature Screening Process
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H 4l Cochrane =W H il &1L, 43 1] 12 B SC AR 1)
Ve & Fr REARSRIE 4 WFE kAR Ty
WU S R K g R de A, o & R 4R
b R UAIF 98 T B ARG . AN 14 i 3C
k(3% 1), Hrp Kargarfard* ZE®153 51 % 20 44 1E # 4
A 20 24 M A AR EA T REALG BRSE5S 1018 HIT
5 CAT X A4E 5 1E 8 R E A 4E S AR o B
OIS BE Y T TV B, PR A SR g A B LR o
KPR IR . AR A 14 5 SCEk T, SEge X
SONEREMIEH A EE DERN RS H 75, A
) 14 & SCHR HIT 2 RE A& R 201 A, CAT A
HoM180 A,

R 1 HERNREREEAREFE
Tablel Basic Characteristics of the Articles Included in the Study

WHR A FEAFHIE SrUl R THHE TR T I ERLRE LY
Banquet 258 7 /4F (N=53) HIT 33 [aJ&kIIZE 4x10x(10~20s), [AI8K 10~20s, 2iK/JH 78 jhE fhpes.
30 44 3 (100%~130%MAS ) , VIl £ i ] 3 VO e
8~11 % 30 min
CAT 20 HEARZING:, #EF 50%~70%MAS, I 2 ¥k /)& 75
25057 [E] 30 min
Banquet 259 5 1155 4F (N=41) HIT 22 PR3P 2x4(10 kx10s) 4x(5¥kx20s), 3K/ 7 kK& BMI (kg
23 481 10 ¥k x15 s, 3 J# (110%~130%MAS) , Ff E RV
8~11 % [E][E)Ek 25~30 s
CAT 22 60 min fAF W, & 6 kmh Fg 3/ )4 7 )4

21 min 1323l , & 1 min J5340 0.5 km/h
HZE 8 km/h, < 100%MAS
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gxr1
52K N Ul REAR SRVES TR TR B SE =7 2
Boddy % FHHHI4 A (N=16) HIT 8  6x30s m kSRR (GEAMESER: /3 4K/ 3 BMI k&,
11~12 % FEEhAE) (IRl B 45 s VOimx
CAT 8  LISkm/h BRI YIZRHHE 36 min a4k H 3
Sandbakk 554 5 /4 (N=15) HIT 7 $58281I1%5 5~10 min, (3R 85%~92% 4 1K | J& 88  VOum
HE104 HRm) 5 [ 8K I3 1~5 min, A i [a] Bk 30
(17.4+05)% s, Y25 3~4 IR (G > 92% HR )

CAT 8  Hr&rilllZ: 90~180 min (3% JFF 60%~74% 4 1K/ JH 8 Jil
VO ; 75% ~84% HR e 38 JIF 1132 3 |
60~120 min(¥# 5 # UK FEFFH)
Araujo 2B EJE /IS AME(N=30) HIT 15 whililiz3h 60 s(3R M 100% HRw), Bk 20/ 128 1K BMI (kg

8~12 % Jia] ] B 3 min L4 50% 4 w5 B 47 K % SBP .DBP,
YN, 2% 3~6 U, YNZRATHE 30~60 min VO
CAT 15  30~60 min WHp&itkiz s, wEHEHIE 2/ 12/
80% HR ey
Koubba %049 it 35 /04 (N=29) HIT 15 (2min @SR YI% +1min M8 k<1040, 3%/ 128 K% BMI.SBP,
IE'|| 12~14 % R 80%V Opmax, VI Z5HT[E] 30~40 min DBP VOyre
I cT 1 1~4 RS, $E N 60%V VOum; 3K/ 124
= 5~8 JElHELE I 2, HhIEH 65%V VOsmi,
E 9~12 JEFSEI % 709V VO,
=Pt Starkoff 2509 I s /AR (N=27) HIT 14 (2min &SEREEYIZE +1min [ABK)/ k<1041, 3K /A 68 kT BMI {K)E
i 417 A, 510 A SR 90%6-95% VO, Y 22T 130 min % VO
>- 13~17 % ET 13 FEZRIZk 30 min, 3R 65%~70% VOumx 33X/ JHl 6 i
g Murphy 28 it Rk /4 (N=18) HIT 10 10 R4 1 min (RIZE S, W 3w/ A 41 {KE BMIVOm,
E! 12~18 % (80%~90% ) HR o, A1 811 317 2 min 58 BF L E 1k & SBP,
"m 4 60%HR ey, Z:HFE 30 min DBP
ET 8  65% VO SREFFE 30 min HEZS) 3K/ JH 4
Kappensein 7 /04F(N=32) HIT 16 [HERBKER I 20 m wifl] (5~15s)x14 3K, 2/ 10/ k& BMI (k)5
ey 8~11 % [E) &K 45 s, VI 30 min H VOum
CAT 16 £ 45min iz dh, 38 H 78% HRw 2K /JH 10
CockeroftZ588 5 /14 (N=18) HIE 9 90%VOgu & AATESAT 1 min, Bk 13/ 41 VO
14~15 % 1.25 min, 4 8 Ik
CAT 9 78% VO LA % iz 5,45 min 1) 4
Kargarfard*  #/4E(N=20) HIT 10  (80%~95% )HRu 5~6 ¥ x(3~5 min) Pk 3 ¥k / Ji 8 {AE BMIVO,m,
4 B0 8~11 % M, [A]EK 3~5 min SBP .DBP
ET 10 (60%~70%)HR i £EH 50~60 min 3/ 8 J&
Kargarfard*  AEfER Z24E (N=20) HIT 10 (80%~95% )HRuy 5~6 Y x(3~5 min)th 3 ¥ /4 8 {AHE BMIVOmu
LR g-11 % TP, [A]HK 3~5 min SBP .DBP
ET 10 (60%~70% ) HR i £EH 50~60 min 3/ 8 J&
Lazzer 4589 R AM4E (N=30) HIT 10 5@, /%A% 100%VO0um FHY 10 /A 3 {AE BMIVO,n,
15~17 % HR, BRI (0 FPK I 5] 40%V 0o T SBP .DBP

B HR 6 YK 100% VOu) , 30 min
CAT 9  AHEFLINL(70% VOum X NHY HR), 10 /JH 3
YIIZkHFE 30 min
Morrissey 52 B ik >4F (N=29) HIT 16 LA(90%~95%)VOumy M AT 4~6 WUl 20K /JE 128 fhE BMI KfS
12~16 % Y, FREEHHE 2 min, (818K 30 s, #4411 # SBP.DBP
A& 40~60 min
CAT 13 HEBEHFHEE 40 min, 58 E R 60% VOum 2K/ JH 12

Runacres 27 /4E (N=15) HIT 6  90%VOHRw, (30 m 4@ fix3)/ 4, B4l 2w/ 12/  AFEH BMIVOu
3~15 % [E) &K 2 min

ET 5  60%~75%VOHRw, LA 5km/h #£473000m 2k /JE 12 4
H15 000 m i, &1 5¢ 1 000 m f5 34 ik
R4HEE B IR R B D S A B
10635
1 : MAS (Maximal Aerobic Speed) i KA i JE ; VO ( Peak Oxygen Uptake ) {48 & s HR e M K0
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AN STHR Y A 32 0 faf KU PP PR LR 2, X 14
Tt A N SCHR AT T 40 0 O 127 RURS: DA, Herb 3 0RH
XS (7-8) 11 R M R (4-6), “FH{E N
5.7, 44 A B SCRIR R AR S 2 i fay AU B2 1K 15 7 S
B HA 7 R SCHR T SR AR AR DR 3 S
THERAFAE — 5 B JEE 1Y T 3 Ml oy ALK

% 2 MATEERERRTH

Table2 Risk of Bias Assessment for the Included Articles

PP bR puy

YAk .
1 2 3 4 5 6 71 8 if
Banquet %% vV V.V x 7 vV V. V6
Banquet %™ VvV V2V V. x 6
Boddy " vV vV V. x x VvV V. 97 5
Sandbakk %V V.V x Vo x x V5
Aragjo 5™ VvV VNV V.V VO V8
Koubba %54 v/ v v 2 vV 72 NV 2 5
Starkoff 9\ vV V.V V9 VOV 7
Murphy 2 v vV VvV V9 x V6
Kappensein 587\ \/ ? VAR VARV 7
Cockeroft ™ V' v/ vV x VvV x V  x 5
Kargarfard %8\ vV Vx99 5
Lamzer 5 VvV x  72 V.V x V5
Momissey 5@ v vV vV vV 2 vV VvV x 6
Runacres %20 VvV vV x vV x  x 7 4

T VPO R bR 1 9 IR AN A bR IE, 2 W BEHL 41,3 4
) BE b (B TC 12 35 22 57, 4 W N T E A FE BRI E H L H
15,5 NPT A k8 W 7 S T, B AR
HEAT IR, 6 AR R sl B R A B0, HAB H L
B1<20%,7 Joit A A R, H A2 H AR 2 A B
SR8 R A AL B RN BORE B N R AT W
IR, xFR  TCIBA " 228 R M EUOR T ik

3 MIRER

il I A SCHR RIS BB, 7 D AR S5 Xt
G WAy Sl fik BE T AR RE Rk T AR B3
Kargarfard* 45 €153 514 20 4 1E & R 20 4 10
FH AR N AT AL BRSE S BHE HIT 5 CAT
Xt R PRt A4 55 0E A T D AR B R 48 B il i
REMY T HUE O, e RIRE R TR LT, i T os g x4
(AN TR e R 45 A7 A 22 5%, D AR B 98 76 20 1 HINT
55 CAT X 5 /D41 00 Jili 385 R A B 7R B 43 14 5% i oy
TP AE ) h A BT A AR IR R 55 /045 95 4N 0 20 9 A7
G3HT o
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3.1 HIT 45 CAT *} & ZP4E 5 14 5k 50 It 5 Wi

HUT 5 CAT 7£ X5 1 D 4F B 1 i 43 1) T B
A B AR R AR AR T ik A I s Y
b FRENTE ST HAEN R ES . HIT 2
— i A7 A 5 B K 0 4R B B e K L R e A i I 2
D59k, A B R S i TR) A G A, R 5 4 R B T Bk
Ja AT T — 4L ZRE i CAT D25 5 67 oy 2 1 7
60%~70%V Oy , FFLET [E] /N F 60 min, — 5 M A%
9 FEREZE N R PRI R D5 0 5 DA AHE SR
3  T BACRAT 2 2 17 27 S0 iR Bl e N
AE WA T HIT 5 CAT %35 4E B A 20 52 3%
ISR IEDT Meta 2007, 81T HIT 5 CAT Xf 2>
SRR R T T 22 06 00, W R IBUATE (RARSE
BMI BHR R H550/E - Meta 2047 1945 )R 45 4R . 7ERE
PLSZE R | RIS 3 BMI S5 48 T e &5 18/
F 0 I AE AL B 255 B SRR B s, BRI HNT 4
T CAT dinf i it A i, BPJCa kg 22 i AR
FHNT AT DL B CHEAR1E R Meta 2047
(25 R e b , 38 2 X6 AN [R) 245 SR 6 b 14 SCRREA 7 0 2 40
ALK Meta 43 BT 45 5 S A 10 TRAIEGE L E kAT &
TR Aa 4T .

3.1 hERIFHEE
PR TEFEAR RN 9 Meta 20398 A 10 THAFT
W 5 DAE Sy R AR T /D AR FIE BE D AR PS4
W 2 firzs . Meta 53 B 25 45 1 I ABFSE Bk AN
FAESE (1P=0%, P>0.1) o 2R JH I 7 2500 B A 7t
BB A I BN B 5 95%CI A 0.08[-1.44,1.60],
P>0.05, KILF] 8 F K HIT 5 CAT Xt & 41k
T TR AR L W R T AR A AT 4T (e
HAMEW AL 4 5T, 99 A MBS EAR R
e 5 BT (1P=0% , P> 0.1) , & I WF X R0 2 S 95%Cl
J 1.06[-1.01,3.12], P> 0.05, Ak 5] i Z/KF HIT 5
CAT X gt i DA AR E 1 T B R e g e 22 5 (1
CAT X &/ DAARE T W SR =T HIT, XFAERE
MRS T 0T IERE AE LA T 6 Tif
I, AT AR AR R M (1%=0%, P> 0.1) , &
IF %0 i & 95%Cl Ny -1.06[-3.31,1.18], P> 0.05, &
KE) B EKE  HIT 5 CAT X fd e 35 /0 4F /K 5 19
TR TG 22 R, (2 HIT X AR fE i 2 4714
AR LT CAT, ME 3 mI %0, 98 A 5%
SR TICRIEL XS FR  HIT 5 CAT X AR E
9T 15 Meta 23 5740 A B 10 T 0F 58 A7 76 W 8 10 %
e
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HIT AT Mean Difference Mean Difference
Study or Subgro Mean Total _Mean Total Fixe 95% Cl
101 A F
Baguetd (2002) 3% 96 33 363 84 20 095% -0901583,403 T
Baguetd (2010) 35 81 22 347 81 22 101%  030}4449,509 —F
Boddy %(2010) 57 7 8 506 83 8 41% 64001121392
Kargarfard¥® (2016) 6626 338 10 6506 288 10 30.5%  120F155,395] -
Subtotal (95% C1) 73 60 54.1%  1.06[-101,3.12] *>
Helerogeneity: Chi*= 2.65, df= 3 (P = 0.45); = 0%
Testfor overall effect Z=1.00 (P =0.32)
1.1.2 JERF A
Araujo (2012) 7210 15 67 16 15 25% 500[4551455 —
Kargarfard¥® (2016) 7392 355 10 755 232 10 334% -158F421,10) .
Kubaa (2013) 791 133 14 758 112 15 29% 330(568,1228 I
Lazzer (2016) 1044 92 10 1093 84 9 33% -490(1328,348 ———
Morrisseyd (2018) 869 114 16 869 123 13 30%  1.00}7.71,971]  —/ ji—
Starkof (2014) 10294 2008 14 10075 2643 13 07% -681 (24621100 ¢
Subtotal (95% C1) 79 75 459%  -1.06[-331,1.18] >
Heterogeneity: Chi*= 4.02, df= 5 (P = 0.55); F= 0%
Testfor overall effect Z=0.93 (P = 0.35)
Total (95% CI) 152 135 100.0%  0.08[-1.44,1.60] *
Heterogeneity: Chi*=8.53, df= 9 (P = 0.48), F= 0% N —100—2'0—
Testfor overall effect Z= 0.1 (P = 0.91) HIT CAT

Testfor subgroup diflerences: Chi*=1.85, df=1 (P = 0.17), F= 46.0%

2 HIT 5 CAT & D FEER T
Figure2 Effects of HIIT and CAT on Adolescent Weight

o SEMD)
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B3 hEERLRRERSE
Figure3 Funnel Chart of the Body Weight Index Pub-
lication Bias

312 KRR RIFRE F
A i ZRAE A3 500 H 1 Meta 43 A 3L 49 A 8 T fF
G, T AR 4 Sy il BT D AR RIE R T 2D AR A
WA, i 4 FiR, Meta 4347 25 A5 1, 98 A 5%
MU AR R S RME (12=35% , P> 0.1) , R A
FE I R A5 B [ A T A 95 AN 5 95%C1
-1.42[-2.59,-0.26], P<0.05, 7£ 7E . & Pk 22 5, B HIT
5 CAT X5 & D AE R IR 2 A WL 09 T 1RCR , J9f B
HIT XA RS R T AR T CAT, X g B i /D4
WAL HEAT AT, A B 7 /0 4 S0 4 3 3 TR 5T, 40 A B
FEM AR L ANFEAE 5 M (1=0%, P> 0.1) , & JF- B
RN B M2 95%CI iy 1.52[-1.86,4.91], P> 0.05, K ik
F A  HIT 5 CAT Xt e i AE R g 2 10 T
BRI B E S, (AXE DR T W 8
BN CAT 2T HIT ., AR Rk 75 /20 4F W 21 47 4
M RS AR LA T 5 WWF5E , A IE 1Y
SR EAFTERR B S B (1=39%, P> 0.1) , & 300
1 & 95%CI 2 -1.82[-3.06,-0.58], P< 0.05, 77 7E JF &
BFEVEZE R HIT 5 CAT XHARRE T AR KIS R i T
TR AR W 2 5, JF B HIT XIE R D4R K
BRI T WRURMET CAT, T ARIIFIT S 50>
T 10 3T, AL sk R A8 S| L PEAN e 35 D 471221
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HIT CAT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
121 B AT
Baquet (2002) 222 88 33 24 74 20 T70% 080[-362522 R —
Boddy %(2010) 4056 818 B 3545 B7 8 20% 511[316,133 e
KappenseinZ (2015) 252107 16 244 89 16 29% 080(-6.02762) N
Subtotal (95% CI) 57 44 119%  1.52[-186,4.91] -

Heterogeneity: Chi*= 0.87, df= 2 (P = 0.65); F= 0%
Test for overall effect Z= 0.88 (P = 0.38)

122 RIS

Araujo (2012) 37 4 15 3 4 15 166% 1.00(1.86 386 -
Lazer% (2016) 36 2 10 383 17 9 481% -270}436,-1.0) -
Morrissey% (2018) 465 53 16 46 67 13 68% 050(3.97,497) o
Murghy (2015) 383 37 7 415 23 B 125% -320(650,010) —
StarkofE (2014) 4153 691 14 408 1018 13 31% -255[9.16,4.08) — T
Subtotal (95% C1) 62 56 88.1% -1.82[-3.06,-0.58] *
Heterogeneity: Chi*= 6.55, df= 4 (P = 0.16); F=39%

Test for overall effect Z= 2.87 (P = 0.004)

Total (95% CI) 119 100 100.0% -1.42[-259,-0.26] L4
Heterogeneity: Chi*=10.72, df = 7 (P = 0.15); F= 35% rwlu 5 5 1‘0
Testfor overal effect. 2= 2.39 (P = 0.02) HIT GAT

Testfor subgroup differences: Chi*= 3.30, df=1 (P=0.07), F= 63.7%
B4 HIT 5 CAT W&V EEIEENF I
Figure4 Influence of HIIT and CAT on Adolescent
Body Fat Rate

3.1.3 BMI #5472 & &

BMI 45 5 &5 i & (9 Meta 23 #T 2 4% A 11 55 #F
5%, BT HUT fil CAT X} & /D4F BMI F8 45 (1 5%
N ZE S, IR 75 045 43 o i B 75 2 AF AR
JETF AR TAL, 401K 5 Fr s, Meta 230 Hr 45 115
AT B A AR R R R B (1%=30%, P> 0.1)
SR FH [ 2 2550 I A TR0 A5 1) 1) 5 - 5% B A0 B 5 95%
Cl 24 0.02[-0.21,0.26],P>0.05, 2% H 1 A W &, Hp
HIT 5 CAT XI5 /D 4E BMI 1 TR 20, 575
ARGy Ry A B AR R RE BE DA A AL, A
BIFEAT A3 AT o XA RE T AR AT o0 AT, R
AR AL S 4 AT, WA AR BAR AN TR R
PE(12=1% , P> 0.1) , & IF BF 58 % 0i i Iz 95%Cl H
0.15[-0.22,0.53], P> 0.05, A ik #| i Z /K F  HIT 5
CAT X B 7 7 4F 1A g 28 1 T 1T 3k 2R TG Wb 38 1k 22
5, XS AR R AR BT T S AN B CAT B F
(L LS = A A B 24 3 7 o N Y § = o
HWAT 7T, WAWNIEBR LA RS
Rtk (1=42%,P>0.1), & I3 & & 95%Cl
-0.06[-0.37,0.25],P>0.05, 25 S P A W 2, Bl HIT
5 CAT Xt IE BT AR s 2y T Wi R L2 5 1
HIT X8 B 55 20 48 1 i 5 19 T 10060 8% 0 & i F
CAT ¥ HIIT 5 CAT X & 4 BMI T i/ Meta 43
Bran A 58 2047 & 2 m 775 50 B7 , 181 6 2 BMI $8 45
1) %2 3 A Ay s =1 T, T3 FH BE AL A% A 78 | PR ok R
I JC T ) ek R 6 AT g8 AR ST AR ok
T IHASEL SRR, AT Z A AE B 80 & %
I 7

3.2 HIIT 5CAT X} # /P45 O Jib i & 1 25 )

O AR O L HLAE DA ARe 1, RAK
(4 0 I B 35 i 5 S L 2B D RE ., 2 L VO
VO s . SBP . DBP = Ry WA 0o fili 35 BE 9 46 A , WF 5 3
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HIT CAT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV Fixed, 95% Cl IV, Fixed, 95% Cl
1.3 BRI
Baguet (2010) 176 26 22 181 34 22 163% 016 -0.75,0.43] I
BoddyZ(2010) 238 22 8 M3 31 8 53% 088016197 —

Kappenseing (2015) 654 276 16 601 307 16 11.8% 0.18[-052,0.87 I
Kargarfard® (2016) 2121 183 10 2074 159 10 73% 0.28[-0.60,1.16] -
Subtotal (95% CI) 56 56 40.7% 0.15[-0.22,0.53] <>
Heterogeneity: Chi*= 3.04, df=3 (P = 0.39), P= 1%
Testfor overall effect: Z= 0.78 (P=0.43)

132 R

Araujol (2012) 003 15 28 4 15 110%  028}044009) ——
KargaranS® (2016) 2756 176 10 2831 122 10 7.2% 047 {137,042 —
Kubaa (2013) 4 31 14 285 26 15 106% 0311043104 —r—
Lazer (2016) 32029 10 3 39 0 60%  -107(204,-009) —
Morisseyd (2018) 26 27 16 34 12 13 102%  0540021,129) e
Murphy (2015) 26 717 34 45 6 45% 0581171084 —_—
Starkoff (2014) 36.64 B 14 3883 778 13 99% -0.32[-1.08,044) T
Subtotal (95% CI) 8 81 593%  -0.06[0.37,0.25] <

Heterogeneity: Chit= 10.42, 6= 6 (P = 0.1), F= 42%
Testfor overall effect Z= 0.40 (P = 0.69)

Total (95% Cl) 142 137 100.0% 0.02[-0.21,0.26] *
Heterogeneity: Chi*= 14.21, df= 10 (P = 0.16); F= 30% ] —t
Testfor overall effect: Z= 0.20 (P = 0.84) HIT CAT

Testfor subgroup differences: Chi*= 0.74,df=1 (P=0.39), F= 0%
5 HIT 5 CAT X & 4 & BMI B
Figure5 Effects of HIIT and CAT on Adolescent BMI
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Figure6 Funnel Chart of BMI Publication Bias

WA E NS F HIT 5 CAT Xf & /D470 il 1 g
S SOR B SR JEAT Meta 20 #7, 31 HIT 5 CAT
X DA SR B T 22 A O AEBENLSE SR
VO, VO . SBP . DBP % 45 s fie 24 5 {H ik K A% %
JIFAE 2R 0 B I 25 1 s R B e R HINT 280 T
CAT 4B 1 &4 2 Ry IE A, RPJCROIE 4 A AR 3
HIT 4T BSR4, BT Meta 2087 1 H BB 98 X 44
A 10 WA BEEAT & R A A7 434, FLLA 4845 1
Meta 43 #r 3 A2 v 49 A i AF 58 B0 3470 F 10 30, ik
ANBEHEAT SOk & 2 I £ 53 BT 122
3.2.1 VO, #4732 B &

VO e TEFRAK N B 1Y Meta 43 B — 40 A 8 T F
5%, HE DR AR DML AR WA T
4, IE 7 i . Meta 20 H 45 545 e g9 ADFSE Rk
FAEERE R FEM (12269%,P<0.1), M TSN
12=50%, [ itk R FH Bl AL 250 7 A5 L 3 47 Meta 43 A7
& IEWFSE BB 5 95%Cl i 0.65[0.05,1.26],
P<0.05, {71 &M 22 5 ) HIIT &5 CAT 4 x4
IDAE VO A WS TTRCR , IF H HIT X VO
B BRI T CAT ., X fiE 045 W 4 (47 43
B, filt /0 AF I 4136 3 T ST , 0 A 9T Bk
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FETE & B S e (1%=87% , P< 0.1) , 7 A= 5 o 1k 1) i
5k g A5 BB 3 /0, R [R)BIE 5 T 1) 2550 0 A7
TEZES EFRT DEW A A IFHR N i M 95%Cl
h 1.12[-0.68,2.93], P> 0.05, A5 5| i 3 /K F  HIT
5 CAT XHdt e 5 /D AE VO 1Y T FCR TG 8 35 1
225, ABXFE AR R IR 3T A S 800 = HINT
T CAT, XAC T D4R H D150 07, IR ik 75 4R
WAHILGA T 5 ST, 99 ABEIE AR - E e
S B PE (1P=43% , P> 0.1) , & JF &L & & 95%Cl
0.52[-0.01,1.04],P=0.05, ¥ fE . F M2 F HIT 5
CAT XJJIEJE T D 4F VO 1Y T 0 RCR AT 7E 10 35 1
225, IFH HIT XEREE 2 4E VO B T AR L
T CAT,

HIT AT Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C1.
211 R

Cockeroft (2015) 466 68 9 256 4 9 80% 359[1.97,5.20]

Kargarfard&® (2016)  36.08 352 10 3531 469 10 134% 0181070, 1.06] ==
Sandhakk (2011) 702 68 7 703 73 8 123% -0.01 }1.03,1.00 g
Subtotal (95% CI) 26 27 337% 1.12[-0.68,2.93] -
Heterogeneity. Tau*= 217, Chi*= 16.41, df= 2 (P = 0.0005), F= 87%
Testfor overall effect: Z=1.22 (P=0.22)

2402 JERE DI
Kargarfard$® (2016) 2484 362 10 2386 49 10 134%  0.24}064,112) T
Kubaa% (2013) 428 17 14 392 32 15 139% 1.39(0.57,2.21] —==
LazzerE (2016) 3467 623 10 3559 393 9 132%  -0A7}.07,074] ==
Murphy (20153 327 4 7 302 26 B 113%  068}0.45,181] —
27 65 14 196 76 13 144% 0431034119 T
55 53 663%  052[-0.01,1.04] 4

StarkofF (2014)
Subtotal (95% CI)
Heterogeneity: Tl = 0.15; Chi*=7.02, df= 4 (P = 0.13); P= 43%
Testfor overall effect 7= 1.93 (P = 0.05)

Total (95% CI) 81 80 1000%  0.65[0.05,1.26] g
Heterogeneity. Tau?= 0.51; Chi*= 22.47, df= 7 (P = 0.002); F= 63% M) 3
Testfor overall effect 7= 2.11 (P= 0.04) -

Testfor subgroup diflerences: Chi = 0.40, df= 1 (P= 0.53), F= 0%

B 7 HIT 5 CAT Xt & D F VO, B
Figure7 Effects of HIIT and CAT on Adolescent VO,y,,

3.2.2 VO, 4 5 &

VO gpea 75 53 54 N7 H2: (1) Meta 43 B — 40 A 5 10
WHoE, IF B 5 T 5T v 52 56 X5 G2 48 R i B 7 D4R
i nIE 8 Fian ., Meta sr AT 4 R, gy ARFST
MR EAELE R TN (1P=0%,P>0.1), R E
2N SR AT B 1 A I I 5 S A i 5 95%Cl
0.51[-1.57,2.60], P> 0.05, 2 R A&, RIFESE 222 X
L HNT 5 CAT XHEREE AE VO g I TR T 0 2
PEZESE H HUT JF5ME VO g BT R T CAT,

HIT CAT Mean Difference Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weight IV.Fixed. 95%Cl IV. Fixed. 95% CI
BaguetZ (2002) 475 72 33 453 72 20 272% 220(1.80,6.20] I
Baguet® (2010) 465 12 6 528 @ 9 40% -630[16.76,416) ¥ .
Boddy (2010) 541 34 22 536 63 22 485% 0.50[248,349 -

Kappenssini (2015) 523 82 16 607 83 16 118% 160[447,767) —
Runacres (2018) 4259 751 8 4571 709 B B5% -312(1028,404) _—

Total (95% Cl) 85 74 100.0% 0.51[-157,2.60]
Heterogeneity. Chi*= 3.43, df= 4 (P = 0.49), P= 0%
Test for overall effect: 2= 0.48 (P=063)
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Figure8 Effect of HIIT and CAT on Adolescent VO e

3.2.3 SBP ¥ #FH B &

SBP $§ #5240 5 1Y Meta 43 7 — L4 A 6 5
58, B DA A R Al T D A RN IE B AR A
W4, aniE 9 firzs . Meta 43 Bréh 45 1, 99 AWF5E
AR DR S R (1=70%,P<0.1) . RH B
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ARERBINEFH AR LI RRRIEHF ) 5 SRR 5O HERT A8 Meta 27 g

BILZ0 R A R A5 31 1) & FE0F 5% 6800 i 5 95%Cl Ky
-0.55[-3.60,2.50], P> 0.05, ZE G i %= X I HIT &5
CAT X} % /4% SBP 1 T WA R G W & 22 5%, 0
CAT X} SBP i T TR SR AL T HIT , X gt e 7 /0 4F
AT AT, Fl BT /D AF W 4 3 2 ST, 40 R A
GE MR E AR SR (12=37%, P> 0.1) , & FFHF
RN K 95%ClI ky -1.44[-6.42,3.55], P> 0.05, T
FRORIC B E P2 5 {3 CAT Xt/ 4F SBP +Hily
SRR AT HIT o X5 AE e 5 2 4F S 4 26 47 40,
JEF AMEF I AT 4 TRFST , N ATFFE A0 B L
S FIE (12271%,P<0.05), & 3500 & &
95%Cl & -0.28[-4.28,3.73],P>0.05, % F A B3  HUT
5 CAT XL D 4E SBP (1T Wi o i Bt £ 5 |
B CAT X HEREE AR BE 209 T HRCR LT HIT,

HIT CAT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random,95% Cl IV, Random, 95% CI
231 QA
Boddy %(2010) 124 41 8 1003 121 8 83% 310[57511.85 ]
Kargarfard¥® (2016) 10845 318 10 11131 282 10 231% -286[554,-0.19 |
Subtotal (95% CI) 13 18 315% -144[6.42,355] -

Heterogeneity. Tau?= 6.63; Chi*= 1.60, of =1 (P = 0.21); F=37%
Testfor overall effect Z= 0.56 (P = 0.57)

232 JERE DT

Araujo (2012) 106 10 15 110 13 15 61% -400(1230,4.30) A
Kargarfard® (2016) 11669 442 10 12123 509 10 184% -460[8.76,-042 —
Kubaa (2013) 13 2 14 129 3 15 255% 2.00(0.16, 3.84] ™
Morrissey& (2018) 178 68 16 1143 8 13 155%  3.60(160,8.80] o
Subtotal (95% CI) 55 53 68.5% -0.28[4.28,3.73] .
Heterogeneity. Tau?=10.91; Chi*= 1039, df=3 (P = 0.02), F=71%

Testfor overall effect Z=0.13 (P=0.89)

Total (95% CI) 13 71 100.0% -0.55[-3.60, 2.50] <>

Heterogeneity: Tau®= 8.61; Chi*=16.78, df=5 (P = 0.005); F= 70%
Testfor overall effect Z=0.35 (P=0.73)
Testfor subgroup diflerences: Chi= 013, df= 1 (P = 0.72), F= 0%

CAT HIT

B9 HUT 5 CAT & >4 SBP K&
Figure9 Effects of HIIT and CAT on Adolescent SBP

3.2.4 DBP #5Ax& B &

DBP 40 B Y Meta i —IE44A 6 THAF5T
WE 10 iz, Meta 08145 5445 1 9 ABFSR S dk B
PRSI (1°=1%, P> 0.1) o SR FHBEHLALN KRG 2]
B 45 I BF 9T B AL 5 95%Cl iy 1.15[-0.09,2.39],
P>0.05, fEGZiF%E X L HIT 5 CAT X i 4
DBP M) T WAL R AFEE B E 2SS, A HIT Xt
DBP 1 T AR T CAT . 55 D 4F 43 Il 5
AR IR kAR A 2 b B 2 4R I 4 F
o0 M, il B A0 A7 7 21 SR gl A 2 TWRIE 5T, 40 AT
TR FAFAE T EE S B E (12=69% , P<0.1), &
FEWIFFE RN B B 95%Cl Ky 2.75 [-2.26,7.76],P>0.05,
HINT 5 CAT X filt & ¥ /> 4 DBP 9 T Hil &4 S G o
FEVE2 5 0 HIT X F 4 DBP 1 1l (Y S AL N i
T CAT, XNIEREE DA H AT 00, IEREE
AR LA T 4 WESY, A B SR Z AN
FETE S M (1220% , P> 0.05) , & I %k w7 )2 95%
Cl }0.92 [-0.53,2.73],P>0.05, Z A EBE HUT
5 CAT XF AR 75 /0 4F DBP AT B G 3 1 22
S, B HIT XHAEHEF D AR AR 00 T I RCR L T
CAT.
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HIT car i i
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95t% C1.
241 RS
Boddy(2010) 846 49 8 688 53 8 61%  580[080,1080)
Kargarfart5® (016) 7426 343 10 7365 251 10 119%  0611202,324) —+—
Subtotal (95% CI) 18 18 280%  275[-2.26,7.76] ~—
Heterogenelty Tau"= 8.31; ChP= 3.24, df= 1 (P = 0.07), F= 63%
Test for overal efiect Z= 1.08 (P=0.28)
242 R L
AraujoZ (2012) 62 6 15 6 6 15 83% 100£329,529) ==
Kargarfard2@ (2016) 7163 314 10 7189 324 10 195% -0.26[306,254] —
Kubaag (2013) 8 3 14 83 3 16 6%  1.00(1.19,319) -
Morisseyi (2018) 834 53 16 609 43 13 125%  250£0099,599] T
Subtotal (95% C) 55 53 720%  0.92[-053,237] >
Heterageneity. Tau*= 0,00; Chi= 1 48, df= 3 (P = 0.69); F= 0%
Testfor overal efiect Z= 1.24 (P=0.22)
Total (95% CI) 73 71 1000%  1.15[-009,23] .
Heterogeneity: Tau?= 0.03; Chi*= 5,05, df= 5 (P = 0.41), F= 1% 3 —

Testfor overall eflect Z=1.82 (P= 0.07)
Testfor subgroup differences: Chi*= 0.47, o= 1 (P = 0.49), F= 0%

10 HIT 5 CAT x4% /> % DBP KM
Figure10 Effects of HIIT and CAT on Adolescent DBP
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e AR WUk A%% s 0 T A0 J 3 S ML T =
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CAT T HEAE 51 2 T /47 o MK 3 I HL i A1 41 & 3 17
BT A BT, e 263 0 5 36 75 /41 00 il 35 B A 8031
PRl /0 4 7 48 v 0 T3 R 0 N 2 SRk kb, T
LUK HIT i A 1540 CAT MEAR %,

5 &ig

WFFEXT HIT 5 CAT X 2 4F B 14 1 43 S0 il
G BEY S M HEAT Meta 4387 . HIIT 5 CAT XJ 5 A 4F
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VO e . VO i . SBP 1 DBP 1 LR AE G2 112 |
TR EEZS, B HIT X EH D4 VOum . VO Hll
DBP &R n & b4 F CAT,CAT X} 7 /b 4F SBP
() R B0 B UL F HNT . DRSS A6 BHie B HIT 5
CAT Xt 75 /b 4F B {4 Ji 43 1O il 38 Rl 19 1 T 880 21 2
SEAF AR AN SCHR 0 AR DK 7 D AR 4 A fE
HAERARER DAEWRA WA, £ HIT 5 CAT
Xof A Je 57 70 A R e B 5 /0 4 1) B 4 B 5 0 il
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