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BRI SZm, B 7 B R A Fio, IX ], fifk T 1R
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PubMed. Web of Science. Embase 5 H [E %1 %
(CNKI) , LIk % (hypoxic) . iz 3fi (exercise/
training) . JEE (obesity) 45 IR 1Y [R] L 5%
Hilieil (MeSHAE) AT R, ARAE. Bt
Bds: a s—1EH; b BARIRI MDY ; o BT
Wit d ML S/E R e 2l ANBG £ PR
g i h FiO,; i BMIARARER; j. 8 sh R 545
Bk AROESPREmZE . AR LA R
VBRI R BN AE 2253l i H BB 1R IR SR AH
NIRRT

SCHR T 26 55 BEORHR B 9 44 BF 9T N B ST
17, BFSE G0 D6 SCERBEA T ST ik | el e 4
. PERTERIF R T A XAZXT . PRI ST A
WL, MR —Z, B3R
B AURT R . TERHMEEUN A HE: a GIARISE
WHAMEL GEH . MEHES5LRMED; b #F5E0
ZHTEANE R c izsh THZRAI 5B, d. FiO,5%
BN = B 5 e, S5 )mdEhn.

13 SitEHEE

AW 5% 18 [l Cochrane RevMan 5.3 4% i %k {4
(The Cochrane Collaboration, Copenhagen,
Denmark) #E175ERHGEEIRE S 5308, A b ad B 4a iR
SCHR S BT (Higgins® 12 test) PR B R B 72 %%



2025; 52 (&)

FiEE, % FAREATREEHXEHARCHEENZN: ETHENMRBIBNEZESH 1589

WA 2 (fixed effects model) B i #1124 1 45 =
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Fig. 1 PRISMA flow diagram defining the electronic search and selection process
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Table 1 Characteristics of studies included in the meta—analysis
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e,y EZE ZREREAGE AR EUE BT ) SEIEL AN FERI
BAR BMI R NEIRSE Eshdm Bk et E
(kg (mean+ /)
m?) SD)/¥
Gonzalez- PEHEA 17 344+ 25~50 16%~13.7%/ A%EEsh+ 200/ 60 min 8  BMI. &3, (R, JER LKL
MuniesaZs , 2.8 2150~3350m &Ik JERE. TG. Y45 3 e
2015 B4 HDL. LDL
Gatterer®:, K 16 379+ 503+ 14%/3500m  HATZHE/ 2kK/JE  90min 32 BMI. #HHER. K. SR
2015 B30 FE 81 103 b JBEFE. 2SR . 428 3h AT LUk R
TG. HDL BRI eE
Wiesnerds, fl[EH 24 302+ 4247.1 15.0%/— 26 30U 60 min 4 MEEL TEEEE REEEE I RS
2010 5 3.6 %. HOMA-IR. ZhHELFHIeE 7 IERE
LDL NEBE AR 85
Gao%%, o 10 28+ 193+ -/2300m  HHEED) WA 120/min 4 TG. HDL. LDL 7%t F4{I% 7 #a E A0
2020 B4 3.6 1.9 JIE P £ 2 f 4 44
JiEES
Lee%, HiE 10 263+ 38+82 13.5%/3500m fiAiEz) 3W/H  60min 12 TG. HDL. LDL {RAEIZ3ILLH Aizsh
2017 B! 4.0 SRR A AR A 0
HDL-C
KongZ,  lE 14 258+ 18~30 15%/- HIT 4%/ 854lx 5 BMIL fRlER. SeEBENTEER
2017 B3¢ 23 6041 HDL LM IR i3 S P AT
1 fig
Yangd:,  FHE 16 329+ 143+ 147%/2700m FEIZEF) 3d/JH: 120minAk 4 BMI EE.  REEIREEE
2018 B 3.5 1.4 20/ AN, 7S MR A E, JRRRiR
R E. TG, T I 2% GLP-17K
HDL. LDL
e,  FE 10 345+ 223 159%/2300m HATE 5%/ 60 min 4 BMI. #IEZE.  KANGA BT
2022 03] 46 28 TG HDL. LDL JIEREREA ) S fh i
4y, MR AT AN
ZuEsE,  hE 160 332+ 16~24 -2366m  HEIZES 6J/FE  240min 4 BMI. #fEER.  (KEREILEIZSIRE
2014 B! 3.5 7 AR B AN RS D E
HOMA-IR. TG RRENiFES
Tk, o 18 33.6= 144 14.7%/2700m HFik/AA% 6d/H; 120min 4 BMI. fEF. % BESCEIEHEDE
2013 4 3.9 1.4 B/EER 200d 1R MR R B RS AR R AR
B#E. TG, Tabw, AFTEVER
HDL. LDL P
s, HHE 11 346+ 195+ 154%~14.8%/ HEIZHE+ 3/A  120min 4 BMI. EIER.  BRARIEMEES SEREM
2011 M1 5.1 1.6 2500~2800m &I JER. HOMA- BMI; FEARHLIMLT
IR. TG. HDL. & FIRIBE & i 5%
LDL 27U Wk PRI fes B TR 2
b, RFE 10 307 225+ 154%/2500m FEEZEZ) SK/A 60min 4 BMIL MHEER. SR ERALRE AR
2014 1 43 1.3 TG. HDL. LDL A& 4Fii A1t
bR, TIRERT LA S i
I S B A T S R

JEAR I L
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e,y EE ZIREEAGE  FUER R BT LY TR
BARE BMI ER NEIREIE @R Bk e A
(kg (mean+ /)8

m?2) SD)/%
gk, LY 20 328+ 223+ 15%/2 500 HiTH
2019 [+ 43 22
BORGREE, 9 33+ 182+ 14.7%/- HATZ%
2016 (44 4.6 22

Chacaroun  ¥E[H 12 312+ 52412 13%/3 700 HIT%
ot 24

2020 [45]

Kong#%, 10 347+ 198+ 16.4%~14.5%/~ HHEEH)
2014 142 53 22
Morishima ~ HA 9 256+ 30+2 15%/— HATH
%, 12
2014 147
Jung,  EEE 12 270+ 472+ 14.5%/- W fr
2020 1 43 64

Jiao%:, ] 13 281+ 36.6+ 15%/2 700  HEIEH
2024 [+ 2.1 95

Fernandez %I 12 341+ 348+  14.5%/3 000 HAT

Menédez%%, 2.6 4.7
2018 [50]
Ghaith%%,  ¥:H 16 315+ 51.0+ 12%/4 200 HIT
2022 (51 4 8.3

50U 60min 4 BMI. TG.  HRFARAEE. G
HDL. LDL  #&. BMIFILEM
iR G S ER VN
HiZ 3 fa PR E R
e, e s

S 60 min 8 BMI. fAflg3e  wTLAREARALRE R 2224
fofEE . e, 3N
WA &, femf s
fiitt 717K

3/EH 45 min 8  BMI. fRRR. (REZHFINET
JEEVEL . 7 IR L BRSSP 2 R DL

TR

HOMA-IR. TG.

HDL. LDL

1LX/JH 120min -~ 4 BMI PR TR TR

3/ 60 min 4 PRERER. =R oG TR AR
B IR R
TG. HDL. LDL
3A 50min 12 SEILEE. BME SGE T EMEL AT
B HOMA- K&, A I [ B
IR. TG. HDL. =R
LDL

S 60min 4 ZFIEIKE. TG. B RAPRAGH E SRR
HDL. LDL  AMA&E N AE AR B & F

B T A
3R/ 60min 3 SHEMEE. B IRESE T TR
JRE 2. HOMA- AT YIZRAH LT 5 R

IR. TG. HDL. AR

LDL

3E 30s/4lx 8 BMIL FHEIMME. KEISBhiE 70

3040 TSR, ThEE, H5EAEZED
HOMA-IR. TG. AL IEAE

HDL. LDL

BMI: BIAGEF540 (body mass index); TC: MH[EEE (cholesterol) ; TG: Hill =g (triglyceride) ; HDL-C: =% & I 2 [ JIH [ B4
(high-density lipoprotein cholesterol) ; LDL-C: I % F g & [ M [& B (low-density lipoprotein cholesterol) ; HOMA-IR: [ & 2 #K 4t

(homeostasis model assessment method) ; HIIT: 5 AIEYI%: (high-intensity interval training)
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P28 SR PEAL LS (DR ) . 45 SR 5 A

St (VIR . BRI BRICLE R (i
1) IR AR AT TR . 241 AS
A 22 RISCHRT, 7 A MR PE, 3
ISR 18 57 2% o4 4047 990 o 55 R 4
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PR PR o SCHEREE R T b b A5
TEASE R ULIEIST, S2.
24 PNTEBES T

JITAL Meta 20 M 45 SR Fafa v, A SCRAZ
TR T 2 S B AR A T U R 3 i . AR
N, SIBRAT—HFGE AR T80 IR0 1 ) B
PERAE SRS, PR EE R B A B R g .
SRS (A S 5 T B2 G RAIG PP, (R AR I A FR
T BT a5 AR AZ B — R 1 F2 T M
25 AESERSHTRKISIHITERENBFHEK
waN:opAl!
251 X EAFTERSEL (BMD [IR2

A 15 ITPAL T AR Fio, T ik 4iz sl Xt

JESME (1=57%), ISR FHBEDL N AL HE T
Meta 73 #7 o 453 Won, AR5z ol B R ] I 3 B
i BMI (MD=-229, 95% CI: -3.42~-1.17, P<
0.000 1), WA s Hray &5 Rt — LKW, 1EFio,>
14% M IREE T, IREAE gl B E R BMIL (MD=
-2.79, 95% CI: —4.00~-1.58, P<0.000 1), TIiifE
FiO,<14% M ¥ 35 T, BMI 48 ﬂ:%éﬁfr*‘*ﬁ
(MD=0.02, 95% CI: -1.55~1.58, P=0.80), jifAk
M, YAMETE Fi0,>14% R R E17iz It
BMI -3 R 29 9.3%, M1E FiO,<14% 35 T iz
B RIRE AL 2%, WA 225 HA ST E X
(P=0.005), fEFiO,>14% R8s T #1478 3% BMI
RSO T 3

HESEAHEBMI B2 (F2). BT EFAES

TS mmeuil) SSlIERA] B %
T FEE AL SPEIH bRMEZE BA YR bRMEZE RA BUE BENLEUNARAY, 95% CT REHLRNARTY, 95% CI
A H=<14%
Chacaroune 2020 316 26 12 312 24 12 9.0% 0.40 [-1.60, 2.40] -
Gatterer 2015 366 79 16 379 81 16 3.1%  -130[-6.84,4.24]
Ghaith 2022 3.1 41 16 315 4 16 71%  -0.40[-3.21,2.41] S
Subtotal (95% CI) 44 44 192%  0.02 [-1.55, 1.58] i
SRS : T = 0.00; Chi* = 0.44, df =2 (P = 0.80); I = 0%
SRS Z=0.02 (P=0.98)
BRI > 14%
Britto 2020 327 3.17 7 354 423 7 5.0% -2.70[-6.62,122] —
Kong 2014 321 48 10 347 53 10 43%  -2.60[-7.03,1.83] —
Kong 2017 26 26 14 26 24 14 94% 0.00 [-1.85, 1.85] —r
Morishima 2015 27 28 9 271 27 9 77%  -0.10[-2.64,2.44] I —
Yang 2018 297 31 16 329 35 16  83% -3.20[-5.49,-091] S
FIHIR 2022 274 23 10 347 42 10 6.7% -7.30[-10.27, -4.33]
A 2019 2896 381 20 3278 431 20 7.7% -3.82[-6.34,-1.30]
R 2014 2083 3.2 16 33.18 354 16  83% -3.35[-5.66,-1.04] -
e 2014 2889 392 10 30.68 432 10 55% -1.79[-5.41,-1.83] —
ETH 2012 3198 455 11 3462 505 11 48%  -2.64[-6.66,1.38] —
T4 2013 304 35 18 336 39 18  80% -3.20[-5.62,-0.78] —_—
LA 2016 29.1 38 9 33 4.63 9  5.0% -3.90[-7.81,-0.01]
Subtotal (95% CI) 150 150  80.8%  -2.79 [-4.00, 1.58] <
SRR Taw® =2.27; Chi® =23.33, df = 11 (P =0.02); I> = 53%
SRR Z=4.54 (P <0.00001)
Total (95% CI) 194 194 100.0% -2.29 [-3.42,-1.17] L2
SRR Ta® = 2.60; Chi® = 32.20, df = 14 (P = 0.004); P = 57% —io _IS . 5 110
=] Ay T,ﬁ
BEHAHTE: =359 (P<00001) AHTFEFBUR  ARFCE R

W ZE R Y Chi® =7.76, df= 1 (P =0.005); I =87.1%

Fig. 2 BMI responses to hypoxic training under different FiO:
E2 AEEFARSY RIS BMIFI M0

2,52 XHAREERAYF A

A 12T s T ASE Fio, T K4z st
REREABEARDE R 52 (FE3). - FurseiE e
B (P=0%), RHEE SN T Meta

it R BN, RS BT R LA R R
(MD=-2.32, 95% CI: -3.1~-1.47, P<0.001). V.
Ao Hr e — 4R T RO, HTEH , S 7E Fio,>
14% W A i, IR %0z 3h i 3 AR T IE e R



2025; 52 (&)

FiEE, % FAREATREEHXEHARRHEENZE: ETHENNBIRNEESHT

<1593

HIRIE R (MD=-2.46, 95% CI: -3.36~-1.57, P<
0.001), IMi7E FiO,<14% RYFRIE T, IRARZTC i %
Ak (MD=-1.16, 95% CI: -3.66~1.34, P=
0.36), MIATE, FiO,>14% M8 FIKIEFR T

29 6.5%, i Fi0,<14% ¥R5E K N P08 B A 2 2%,
HEIR FiO, WA IR 28 (14 T PSR T RE A AE — 22 (Wi 1)
e, BT AL

FHUE TTiT ¥iE%E Wftz
78 4L SPYSHC BRMEZE DA CPIIB bR N AR EDE UMY, 95% CT Ii] 2 NS, 95% CI
AR H<14%
Chacaroune 2020 346 65 12 348 77 12 22%  -0.20[-5.90, 5.50] —
Gatterer 2015 441 85 16 447 89 16 2.0%  -0.60 [-6.63,5.43]
Gonzalez-Muniesa 2015 26.7 4.2 14 283 4.7 17 72%  -0.60 [-4.74, 1.54] - 1
Subtotal (95% CI) 42 45 11.4%  -1.16 [-3.66, 1.34] -
SRR Chi*=0.22, df=2 (P =0.90); I* = 0%
ARG Z=0.91 (P=0.36)
AR > 14%
Britto 2020 376 7.94 7 414 6.09 7 13% -3.80[-11.21,3.61]
Kong 2014 379 35 14 38 23 14 148%  —0.10[-2.29,2.09] 1
Morishima 2014 242 6.6 9 25 69 9  1.8%  -0.80[-7.04,5.44]
Yang 2018 415 62 16 436 3.6 16 58% -2.10[-5.61,1.41] - 1
AFEEE 2022 267 1.1 10 294 19 10 383% -2.70[-4.06,-1.34] —
255 2014 381 67 16 411 56 16 3.9%  -3.00[-7.28, 1.28] —
MR 2014 202 73 20 334 7 10  1.8% -4.20[-10.47,2.07]
ETH 2012 323 89 11 373 75 11 1.5% -5.00[-11.88,-1.88]
BT 2016 269 23 9 304 1.8 9 19.5% -3.50[-5.41,-1.59] — =
Subtotal (95% CI) 102 102 88.6% -2.46 [-3.36,-1.57] L 2
SRR K. Chi*=7.03,df =8 (P=0.53); I* = 0%
SRR Z=5.40 (P <0.000 01)
Total (95% CI) 144 147 100.0% -2.32 [-3.16,-1.47] <
SRR : Chi* =8.17,df =11 (P=0.070); = 0% o % 0 t i
SRS Z=5.39 (P <0.000 01) HRFTUR] FRF L

WAHZ R Chi*=0.93, df =1 (P =0.34); I* = 0%

Fig.3 Fat mass percentage responses to hypoxic training under different FiO:

E3 AREEMERSH TRESIHXHEE R0

2,53 XHEFE R0

A 6 W PEAL 1 AR Fi0, T4z slxf L
JoE TR L () 520 (P 4) o Meta 20 Br 45 3 R
4z Sh R k] g 258 D (MD=-3.79, 95%
CI: -6.73~-0.85, P=0.01), WF7¢[0] 550t %
(P=0%), VIS REABL—8E, WA
/N, TEFIO>14% By h AR E A h i 7z g,
il B3 N (MD=-6.76, 95% CI: -11.56~-1.97,
P=0.006) , 1fij FiO,<14% A4 M AT 4202 v D) A WL 2% 2]
i F AL (MD=-2.00, 95% CI. -5.72~1.72, P=
0.29) ., BARWAHMEF TG I EE L (P=0.12),
BN F, FiO,>14% By SR E T i n] fig
BB, AREEGS Sl AE I Bl ) T8 mT g
5 Fio, %,

26 AREERSBTREEHEHABEES
HER S SRS ZH M
2.6.1 X725 MG IBE A 5

A 10 WWF 5 PEAL T AR FiO, T AIK 44z 8h X
REBE A 25 8 1B (fasting glucose) AYsZM (1]
5)o HTFAFGREISF MR (P=25%), RHAEE
BNV AL T AT Meta 7307 o S5 5R BoR, (KA 3l
R nT 3 R S I B (MD=-3.58, 95% CI:
-6.23~-0.93, P=0.008). W2 /rHras L, 1
FiO>14% M EE i iz sh, 25 M6 op 2% T %
(MD=-3.83, 95% CI: —6.66~-0.99, P=0.008) ,
M7E Fi0,<14% W¥ME Niz g, M LIcgeit==

B X (MD=-1.82, 95% CI: -9.33~5.70, P=
0.64) . MKW T, FiO,>4% M5 T 23 5 b7 1%

TEEZ)5.1%, T FiO,<14% P58 T A2 LR B HU)N,
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TfiE i 141 Wiz Wz
BB PRI bRAEE RECTIIE bREE B BGE EE RMAY, 95% CT [E] 7E BRI, 95% CT

AT H=<14%
Gonzalez-Muniesa 2015 111.9 103 14 116.4 10 17 16.7% -4.50 [-11.69, 2.69]

Gatterer 2015 109.1  14.2 16 113 126 16 10.0% -3.90[-13.20, 5.40] ——
Chacaroune 2020 109.5 6.2 12 109.8 6.1 12 357% -0.30 [-5.22, 4.62] T
Subtotal (95% CI) 42 45 62.4% -2.00 [-5.72, 1.72]

SEIRVER LG Chi* = 1.08, df=2 (P =0.58); P = 0%
SRZERIRESS: Z =1.05 (P<0.29)

AT > 14%

T4f 2013 96.3. 121 18 106 124 18 13.5% -9.70[-17.70,-1.70] -
FFH 2012 97.6 11.8 11 1047 12 11 87% -7.10[-17.05,2.85]

Wiesner 2010 95 122 24 99 142 24 154% -4.00 [-11.49,3.49] S
Subtotal (95% CI) 53 53 37.6% -6.76 [-11.56,-1.97] -

SEFMEARLS: Chi® = 1.04, df=2 (P=0.59); * = 0%
SRR Z =2.77 (P =0.006)

Total (95% CI) 95 98 100.0% -3.79 [-6.73, -0.85] -

SEFRVER S : Chi® = 4.49, df =5 (P =0.48); I* = 0% 1 } } :
-20 -10 0 10 20

SRR IG: Z=2.53 (P=0.01) ) _ . i

WA TR Chi? =237, df= 1 (P=0.12); P = 57.7% HRF 1G] ARTF[F-HHr]

Fig.4 Waist circumference responses to hypoxic training under different FiO:

E4 AREEMERSH RIS EERIZID

ERiE T TRl BftzE Wtz
W 41 P ARdERE BB PR bl BEL BUE REDERNERY, 95% CI Ji] 52 SRS, 95% CT
AN H<14%
Chacaroune 2020 1044 12,6 12 1044 144 17  6.0% 0.00[-10.83, 10.83] —_—
Gatterer 2015 120.1 404 16 123 413 16  0.9% -2.90[-31.21,25.41]
Chacaroune 2020 1008 162 16 1044 162 12 5.6% —0.36[-14.83,7.63] _—
Subtotal (95% CI) 44 4 12.5%  -1.82[-9.33,5.70] e

SRS : Chi® =021, df=2 (P=0.90); P = 0%
SMRERNATES: Z=0.47 (P =0.64)

AR H > 14%

Jiao 2024 9126 1404 13 89.64 558 13 10.4% 1.62 [-6.59, 9.83] —_—T
Jung 2020 101.8 173 12 1032 179 12 3.5% -1.40[-15.48,12.68]

Fernandez Menédez 2018 88.2 9 12 918 54 12 199%  -3.60[-9.54,2.34] —
Morishima 2014 92 9 9 100 9 9 102% -8.00[-16.32,0.32] —_—

Yang 2018 756 72 16 756 144 16 11.3% 0.00 [-7.89, 7.89] —_—
25 2014 738  7.02 16 8496 10.08 16 19.4% -11.16[-17.18,-5.14] ——

F1i 2013 756 72 18 738 144 18 12.7% 1.80 [-5.64, 9.24] ——
Subtotal (95% CI) 96 96 87.5%  -3.83[-6.66,-0.99] <«
SRR Chi® =11.58, df= 6 (P =0.07); I* = 48%

RN Z =2.65 (P =0.008)

Total (95% CI) 140 140 100.0%  -3.58 [-6.23,-0.93] L

| | | |
T T

T T
=20 -10 0 10 20

SRS : Chi® =12.03, df=9 (P=0.21); P =25%
ARG Z=2.64 (P =0.008) ’ B ] o
WL RS : Chi2 =024, df =1 (P=0.62): "= 0% HARFITBUE] AR

Fig. 5 Fasting glucose responses to hypoxic training under different FiO:

E5 AREMERSE TRKZFHX = MR R0

HIERFUEE . BARWAHRZER ARG LA 2,62 XSRS R AR

W2 (P=0.62), {HA[EFiO, F iz s T Wk R A7 A ST FE AL T ANIA] FiO, K4z s X AR
RS JrE NBESS IR R R AR5 (K 6) . m Tk

AU BE (F=0%), SRl E AT EA T
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Meta 73 #7. 253 B, (REGE RN B E K 95% Cl- -3.06~2.82, P=0.94). MIRMMiT, FiO,>
2 WE R E K (MD=-1.60, 95% CI: -2.98~  14%FRES N 25 8 2571 T 42 8.6%, 1M FiO,<
-0.22, P=0.02)., WA REKM, 7E FiO> 14%?*“?36%@3& o HSRA 0] A 22 5 e ae it
14% AR T, SEBESFEKFRETRE (MD=  2=E L (P=0.26), {EITEP%%{EE FiO, #1728l 1)
-2.02, 95% CI: -3.5~-0.45, P=0.01), M{EFiO,<x  THIRREE HEE,
14% B REE T, RS B F A (MD=-1.12,
FhiE T THT YE Y%
T T BT 20 PR ARdEZE S PR bRiEE RS BE [EE RS, 95% CT [i] 7 AN, 95% CT
AR E<14%
Chacaroune 2020 93 41 12 97 42 12 173%  -0.40[-3.72,2.92] —a—
Ghaith 2022 125 87 16 116 96 16 49%  0.90[-545,7.25] —_—t
Subtotal (95% CI) 28 28 22.1%  -0.12[-3.06,2.82] =
SRR Chi*=0.13,df=1 (P =0.72); > = 0%
SRS Z=0.08 (P =0.94)
AT > 14%
Jung 2020 74 29 12 8 31 12 33.1%  -0.60[-3.00, 1.80] ——
Fernandez Menédez 2018 14.8 85 12 138 72 12 48% 1.00 [-5.30, 7.30] _—t
Morishima 2014 78 48 19 10 6 9  7.6% —2.20[-7.22,2.82] _
Wiesner 2010 53 34 24 84 64 24 227% -3.10[-6.00,-0.20] _
Yang 2018 13 68 16 188 11.6 16 4.4% -580[-12.39,0.79] L
FH#i 2013 122 65 18 178 113 18  53% =5.60[-11.62,0.42] L
Subtotal (95% CI) 91 91 77.9%  -2.02 [-3.58,-0.45] Fats
SRR Chi® =5.38,df=5(P=0.37); F=7%
SRERAGES: Z=2.53 (P=0.01)
Total (95% CI) 119 119 100.0%  -1.60 [-2.98, -0.22] <>
SRR K. Chi* = 6.76, df =7 (P = 0.45); I* = 0% _1:0 _:5 ¥ 5. l:0

SRR NS Z=2.27 (P =0.02)
WAHZ RS Chi® = 1.24,df=1 (P=0.26); P =19.7%

AHT U] AT [T

Fig. 6 Fasting insulin responses to hypoxic training under different FiO-

E6 AEISEMKF

2,63 WRERABTHEEL (HOMA-IR) [H520H
I 7 WG PEAS T AN Fio, F R4z shxf AE
B*A%‘?HOMA-IR7J@ZE’J%HH (7). Metas3Hrah
RR, RIS Z AT K HOMA-IR, {H2E R
Kk B gt B E M (MD=-0.74, 95% CI:
-1.52~0.04, P=0.06), WF5RIFAER ST (P
=89%) . WA/ IIR, TE Fi0,>14% [ SIK 4
W T, HOMA-IR I % T K (MD=-1.10, 95%
CI: -2.19~-0.01, P=0.05), Tfi7E Fi0,<14% [ %
RERES, S THAE LR E2ER (MD=
0.02, 95% CI: -0.35~0.40, P=0.91). V.4H[a]f)2
ST EE (P=0.06), THAELENTREEA ELM
IR £ 2R AU AT T
27 AESRERSETRIIEshXSBERME A B MR
K FEHI R0
271 XTHWM=ER (TG) Ay

A 17 T 52 PEAS T A R Fio, T IRz shxt

A B TMREIEZ N ZIER B RN

RERE B TG K- s2m (F18).
MR (I=3%),

H1 TR (] 57 5
SR JH I RE ROV A B R 4T Meta 73

Mro S5, Rz SR TT B & PRI TG /K-
(MD=-0.18, 95% CI: -0.25~-0.12, P<0.001) .

WLHAMT A5 R R, 7EFiO,>14% 3SR, TG/K
S5 N RE (MD=-0.20, 95% CI: -0.27~-0.13,
P<0.001); TMi{EFiO,<14% ML, TGAML LS
2% & L (MD=0.01, 95% CI: -0.23~0.25, P=
0.92) . "7E FiO>14% 45 iz shif, TG
YR 2 7.8%, i Fi0,<14% 55 T JCH 5k olest .
WA B 25 S o2 . (P=0.10), #ER
EALFIO, I T TR AL
272 XHRE AR A& EE (LDL-C) H520m
A 16 A5 AL T AR Fio, N ik4 iz gl %t
JE A LDL-C /Ky (F19) . i Fargeia
TEAE RSN (1°=56%) , R JHBEHLON A5 A E
i Meta 737 S5 EoR, (RS SRR g &
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FHiE i Bt % Bt %
WAL EA SERE bRAEZE RO bR S BE BENLRIRAY, 95% CT BEHLARIRAY, 95% CI
AR <14%
Ghaith 2022 17 11 16 15 12 16 14.0% 0.20 [-0.60, 1.00] -
Chacaroune 2020 127 049 12 13 057 12 156%  —0.03[-0.46,0.40] -
Subtotal (95% CI) 28 28 29.6% 0.02 [-0.35, 0.40] *
SRS Twd = 0.00, Chi® = 0.25,df=1 (P =0.62); > = 0%
BRRINAGRE: Z=0.11 (P=0.91)
FARTRI > 14%
2535 2014 115 046 16  1.99 116 152% -0.84[-1.38,-0.30] Ex
Wiesner 2010 1.1 098 24 1.9 147 24 144% -0.80[-1.51,-0.09] —
Morishima 2014 259 033 11 654 17 11 12.8% -3.95[-4.97,-2.93] —
Ferndndez Menédez 2018 1.9 1.1 12 18 09 12 13.9% 0.10 [~0.70, 0.90] 1
Jung 2020 19 09 12 2.1 1 12 142%  -0.20[-0.96, 0.56] —T
Subtotal (95% CI) 75 75 70.4%  -1.10 [-2.19, -0.01] -
SRR : Twd = 1.39, Chi® = 43.41, df =4 (P < 0.000 01);  =91%
RN : Z=1.97 (P=0.05)
Total (95% CI) 103 103 100.0%  -0.74 [-1.52, 0.04] -l
BTG : Ta® = 0.97, Chi® = 56.26, df = 6 (P < 0.000 1); 2 = 89% _‘4 _‘2 3 2 j‘

RN : Z=1.85 (P =0.06)

T2 0% Chi* =3.60, df=1 (P =0.06); 2 =72.2% AR [T BU] AR [T BT

Fig.7 HOMA-IR responses to hypoxic training under different FiO:
E7 FRKGRSH TRREHHTHOMA-IREI R

s TG B % Yz
T ZH PR bRdEE AR ARvEE B0 BUE FEERNAREY, 95% CI [i] 5 NS, 95% CT
AR H<14%
Chacaroune 2020 1467 0339 12 1.467 0.339 12 6.1%  0.00[-0.27,0.27] -
Gatterer 2015 2532 1.186 12 2377 1.131 16  05%  0.16[-0.77,1.08] —]
Ghaith 2022 2371 2145 16 1.806 1.129 16 03%  0.56[-0.62,1.75]
Lee 2017 (13.5%) 1.642 0943 10 1.878 0.885 16 0.7% =024 [-1.04,0.57] —
Subtotal (95% CI) 50 50  7.7%  0.01[-0.23,0.25] e
SRR Chi® =1.30,df=3 (P=0.73); > =0%
SEARRNAGRE: Z=0.10 (P=0.92)
AR > 14%
Gao 2020 085 013 10 097 03 10 11.0% -0.12[-0.32,0.08] -
Gonzalez-Muniesa 2015 1414 0523 14 1763 07 17  24% -0.35[-0.78,0.08] —
Jiao 2024 282 057 13 252 087 13 14%  0.30[-0.27,0.87] i E—
Jung 2020 1297 0491 12 1.525 0471 12 3.0% -0.23[-0.61,0.16] B
Ferndndez Menédez 2018 19 13 12 1.6 09 12 06%  0.30[-0.59,1.19] S
Morishima 2014 1185 0711 9 1389 1.084 19  0.6% -0.20[-1.05,0.64] —
Yang 2018 1 02 19 12 03 20 17.8% -0.20[-0.36,-0.04] =
FFHAA 2022 14 02 10 17 03 10  9.0% -0.30[-0.52,-0.08] -
kA 2019 158 021 20 1.79 024 20 23.1% -0.21[-0.35,-0.07] -
425 2014 095 037 16 195 295 16 02% -1.00[-2.46,0.46]
% 2014 159 07 10 194 073 10 1.1% -0.35[-0.98,0.28] —
ETHR 2012 093 037 11 14 029 11  58% -0.47[-0.75,-0.19] -
40 2013 1.1 02 18 12 03 18 162% -0.10[-0.27,0.07] ==
Subtotal (95% CI) 174 178 92.3% -0.20 [-0.27,-0.13] 4
SRR : Chi® = 12.46, df= 12 (P =0.41); P = 4%
MARBNAGTS: Z=15.61 (P <0.00001)
Total (95% CI) 224 228 100.0% -0.18 [-0.25,-0.12] ‘ , ¢ , )
SRR Chi® = 16.49, df= 16 (P = 0.42); > = 3% ) -1 0 1 5
SARNASSS s Z=5.37 (P <0.00001) HHRT RS TSR

WA ZE S Y: Chi® =2.73,df= 1 (P =0.10); I* = 63.4%

Fig. 8 TG responses to hypoxic training under different FiO:
E8 AEEARSYUMEEIEHXTCHIF M



2025; 52 (&)

FiEE, % FAREATREEHXEHARRHEENZN: ETENNRBIBNEESH 1597

& LDL-C /K ¥ (MD=-025, 95% CI: -0.39~
-0.11, P=0.0003). WA & REW, 7EFiO,>
14% ¥R5E T, LDL-C /K R3E TR (MD=-0.32,
95% CI: -0.46~-0.18, P<0.000 01); Ifi 7F FiO,<
14% 855~ , LDL-CZEfL LG it L (MD=

0.01, 95% CI: -0.16~0.17, P=0.94). iV.2H|f]2% 5
HASGE X (P=0.004), 2K FiO, AT
AR E L TR AR . SR R, 7E Fio,>
14% 85 R #E47i2 8 J5 LDL-C ¥ F %24 6.8%,
1M FiO,<14% M35 T JCHH i i35

TS i) Yy 7= Yl 2%
WHFLETH PR R BB bR BB BUE BENLANERL, 95% CT BEATANARAY, 95% CI
AR H<14%
Chacaroune 2020 37 08 12 37 08 12 35%  0.00[-0.64,0.64] S
Ghaith 2022 1.034 0259 16 1.034 0259 16 122%  0.00[-0.18,0.18] ——
Lee 2017 (13.5% 29 09 10 28 06 10 33% 0.10[-0.57,0.77] —
Subtotal (95% CI) 38 38 19.0%  0.01[-0.16,0.17] <
SRR Tau® = 0.00, Chi* = 0.08, df =2 (P = 0.96); I* = 0%
SRR L: Z=0.07 (P =0.94)
AT > 14%
Gao 2020 252075 10 25 093 10  28%  0.02[-0.72,0.76]
Gonzalez-Muniesa 2015 306 14 34 09 17  46% -0.40[-0.93,0.13] ———
Jiao 2024 282 057 13 252 087 13 42%  0.30[-0.27,0.87] =
Jung 2020 37 16 12 39 13 12 13% -020[-1.37,0.97]
Fernandez Menédez 2018 27 07 12 29 08 12 39% -0.20[-0.80,0.40] —
Morishima 2014 24 06 9 23 08 9  34%  0.10[-0.55,0.75] — ]
Wiesner 2010 29 08 19 307 24 62% -0.10[-0.53,0.33] —
Yang 2018 2 04 19 27 05 20 93% -0.70[-0.98,-0.42] —_—
{IHE 2022 0.8 0.1 10 12 08 10 50% -0.40[-0.90,0.10] B
kA 2019 096 0.3 20 125 016 20 14.4% -0.29[-0.38,-0.20] -
% 2014 0.91 02 10 111 032 10 10.6% —0.20[-0.43,0.03] ]
T 2012 207 048 11 25 039 11 73% -0.43[-0.80,-0.06]
T4 2013 2 04 18 27 06 18  80% -0.70[-1.03,-0.37] -
Subtotal (95% CI) 182 186  81.0% -0.32 [-0.46, -0.18] <>
SRR Taw® = 0.02; Chi® = 22.06, df = 12 (P = 0.04); I> = 46%
RN RE: Z = 4.44 (P <0.000 01)
Total (95% CI) 220 224 100.0% -0.25 [-0.39, -0.11] <>
SRR Ta? = 0.03; Chi® = 33.90, df = 15 (P = 0.004); I = 56% T s & o5 !
MK SIS, 7= -
RN Z=3.60 (P =0.000 3) G ST

WA 2K Chi* = 8.48, df =1 (P=0.004); I> = 88.2%

Fig. 9 LDL-C responses to hypoxic training under different FiO-
B9 AREERSH MEREIHLDL-CHIZR

273 XmEEEREAMER (HDL-C) K50

A 17 BT IEAS T AR AR R 50 R IR
iz g AR A HDL-C /K F-ism (E110) . HF
WA S e (17=72%) , R FHBENLEO
BIRIHEAT Meta 4387 &5 5R B, MRS gL fRoxt
HDL-C 7K A5 0 48 1124 8 M (MD=-0.09,
95% CI: —0.21~0.02, P=0.11). V400 #réh B3k

W, TCie 7 B AR R B >14% 3R 55 (MD=-0.11,
95% CI: -0.25~0.02, P=0.09), 27K
¥ <14% 55 (MD=-0.02, 95% CI: —0.25~0.22,
P=0.89), HDL-C/K-F-AfL IRk BI G i Il 2
PE. WALE2ZFREELG IR (P=0.48), ik
A2 3% HDL-C W BCGERCRA R, B AR E AR
SRR T A &
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TS FTAET Byft 2 SR

LispealEtl P bRdEZE RECFIE bR BAL BUE BENLNARERL, 95% CI BEHLNARAY, 95% CI

AN H<14%

Chacaroune 2020 12 02 12 14 05 12 56% -0.20[-0.50,0.10] T

Gatterer 2015 13 03 12 13 04 12 59%  0.00[-0.28,0.28] S m—

Ghaith 2022 2.845 0517 16 3.103 1.034 16 29% -0.26[-0.82,0.31] —

JH 2017 (13.5%) 15 04 10 12 04 10 50%  0.30[-0.05,0.65] I

Subtotal (95% CI) 50 50 19.4% -0.02[-0.25,0.22] g

FIERY: T =0.02, Chi* =5.23, df =3 (P=0.16); I' = 43%

SRRV Z=0.14 (P=0.89)

AR > 14%

Gao 2020 13 033 10 127 02 10 6.6%  0.03[-0.21,0.27] —p—

Gonzalez-Muniesa 2015 1.1 03 14 114 0.3 17 7.0% -0.04[-0.25,0.17] =

Jiao 2024 134 032 13 135 044 13 57% -0.01[-0.31,0.29] ——

Jung 2020 15 04 12 15 04 12 54%  0.00[-0.32,0.32] —

Kong 2017 14 03 14 12 02 14 74% 0.20 [0.10, 0.39] —

Fernandez Menédez 2018 13 04 12 14 04 12 54% -0.10[-0.42,0.22] —

Morishima 2014 1267 03 9 13 03 9 6.0% -0.03[-0.31,0.24] —

Yang 2018 1 02 19 1.1 02 20 83% -0.10[-0.23,0.03] —

{FHRIRSE, 2022 19 03 10 27 03 10 62% -0.80[-1.06,-0.54] —

ks, 2019 232 031 20 276 036 20 7.1% -0.44[-0.65,-0.23] E—

it A, 2014 239 105 10 278 129 10 1.1% -0.39[-1.42,0.64]

TR, 2012 148 037 11 14 029 11  60%  0.08[-0.20,0.36] o

Fali%, 2013 09 02 18 1 02 18 82% -0.10[-0.23,0.03] 7

Subtotal (95% CI) 172 176  80.6%  -0.11 [-0.25, 0.02] L 4

SRR Taw® = 0.04; Chi® = 51.46, df =12 (P < 0.000 01); > =77%

RN Z=1.67 (P =0.09)

Total (95% CI) 222 226 100.0% -0.09 [-0.21, 0.02] . . < . .

SRR T’ = 0.04; Chi® = 57.62, df= 16 (P <0.000 01); I =72% 1 05 0 o5 1

SN S: Z=1.61 (P=0.11) HART R FRT R

WLHZEFKK: Chi® =049, df=1 (P =0.048); > = 0%

Fig. 10 HDL~-C responses to hypoxic training under different FiO-
E10 AREEAERSE TREIEZHITHDL-CHIZ T
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IR AE ) ki gt h RS BIREAIR
T IS A AR R R o S T R R T
8~12 A, Z WMo Bl T 0 2 IR o ks
RO B2 4 BRIAT, Gatterer 55 1 —I51 A 4] 32 J]
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255, I ] R AEGE BT A R ARSI 25 4K
Ho WA, Bah TR SRR . R
AT TIFB, 8RR, A 5% AH
A EGE TR 2R 0 Mia g
FrdEmy, RPME TS 12 58, WA A IRk R
WERAR R i ek st Y X AT R iB Sl N SR 1)
Yk A TCHEA SO AAAR USRS A OC, 12
Bl 8 5 A IR 5 1 U [R) VR FH AL AT 75 i — 20
R,

s ShTE B AT e A A QU 2 L S
BRIy R BRAEH . AR AR R
W1, 2SI s MR KA 2 TR, H
X A5 AUV AE Fi0,>14% ) W SR E A5 T N
B3, BARKEIZ 315 HOMA-IR P B % 1%
fiX, (A4 FiO>14% B, fIR%z 3h i EREAR TN
[ HOMA-IR K-, 2 1T AMAR ARG . X —
KINE Mai 55 2 [ BENLAT XS B 45 e AH L, IR
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Effects of Different Modes in Hypoxic Training on Metabolic Improvements in
Obese Individuals: a Systematic Review With Meta—analysis on Randomized
Controlled Trail®

WANG Jie-Ping, LI Xiao-Shi, WANG Ru-Wen, ZHANG Yi-Yin, YU Feng-Zhi, WANG Ru"

(School of Exercise and Health, Shanghai University of Sport, Shanghai 200438, China)
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Abstract This paper aimed to systematically evaluate the effects of hypoxic training at different fraction of
inspired oxygen (FiO,) on body composition, glucose metabolism, and lipid metabolism in obese individuals, and
to determine the optimal oxygen concentration range to provide scientific evidence for personalized and precise
hypoxic exercise prescriptions. A systematic search was conducted in the Cochrane Library, PubMed, Web of
Science, Embase, and CNKI databases for randomized controlled trials and pre-post intervention studies
published up to March 31, 2025, involving hypoxic training interventions in obese populations. Meta-analysis was
performed using RevMan 5.4 software to assess the effects of different fraction of inspired oxygen (FiO,<14% vs.
Fi0,>14%) on BMI, body fat percentage, waist circumference, fasting blood glucose, insulin, HOMA-IR,
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C),

with subgroup analyses based on oxygen concentration. A total of 22 studies involving 292 participants were
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included. Meta-analysis showed that hypoxic training significantly reduced BMI (mean difference (MD)=-2.29,
95%CI: -3.42 to —1.17, P<0.000 1), body fat percentage (MD=-2.32, 95%CI: -3.16 to —1.47, P<0.001), waist
circumference (MD=-3.79, 95%CI: —6.73 to —0.85, P=0.01), fasting blood glucose (MD=-3.58, 95%CI: —6.23 to
-0.93, P=0.008), insulin (MD=-1.60, 95%CI: -2.98 to —0.22, P=0.02), TG (MD=-0.18, 95%CI: -0.25 to -0.12,
P<0.001), and LDL-C (MD=-0.25, 95%CI: -0.39 to —0.11, P=0.000 3). Greater improvements were observed
under moderate hypoxic conditions with Fi0,>14%. Changes in HOMA-IR (MD=-0.74, 95%CI: -1.52 to 0.04,
P=0.06) and HDL-C (MD=-0.09, 95%CI: -0.21 to 0.02, P=0.11) were not statistically significant. Hypoxic
training can significantly improve body composition, glucose metabolism, and lipid metabolism indicators in
obese individuals, with greater benefits observed under moderate hypoxia (FiO>14%). As a key parameter in
hypoxic exercise interventions, the precise setting of oxygen concentration is crucial for optimizing intervention

outcomes.

Key words fraction of inspired oxygen, obesity, body composition, glucose metabolism, lipid metabolism
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