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Abstract: Thisresearchaimsto provide evidence for the scientific application of hypoxic training by eval-
uating the influence of different hypoxic training modes on the haemoglobin (Hb) level of Chinese athletes
comprehensively and quantitatively with meta-analysis method. The paper uses CMA3.0 (comprehensive
meta-analysis) software to statistically describe the relevant indicators of the included documents which
collected from the databases of CNKI, Wanfang, Weipu, Web of Science,and PubMed. It shows that hypox-
ictraining helps to increase the Hb concentration of athletes. The overall effect is at a moderate effect level,
and the Hb concentration increases 5.57 g/L on average. The impact of Living High and Training Low (Hi-
Lo) mode on athletes' Hb concentration level is at a relatively high level of effect, and the average Hb con-
centration increases 6.78 g/L. The HiHiLo mode ranks 2nd, and living high training high (HiHi) mode ranks
last. Different HiLo training durations have different effects on Hb levels. The best effect on increasing Hb
concentration is the training duration lasts 4 weeks. The Hb concentration level shows a downward trend
when the training duration lasts less than 4 weeks. In conclusion, the hypoxic training mode has a signifi-
cant effect on the improvement of Hb level, but the HiLo mode which lasts 4 weeks works best.
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Tablel The basic characteristic of included documents

YE# Ay HAL Py iyl WIZRFFEERT ) Z5)RfEbs  Z5)RR Al il i) FHEM  Jadad 155
kR e 2005 8 ) JEER 4 )3 Hb 4 JHJAE HiHiLo 3
WL, S 2009 5 3 P FLIR 44 Hb 4 J il — HiHiLo 3
WL, S 2009 5 3 BRI 44 Hb 4 J il — HiLo 3
Wt e, 00 2010 8 5 i 3/ Hb 3 JEJEE HiHiLo 3
Rk, A 2010 8 U ki 3 Hb <JHIHEN HiLo 3
ZEFRAE™ 2015 8 5 EEFER 4 Hb 4 JHE T HiHiLo 3
KA AR 2017 12 7 e 244 Hb 4 J il — HiHiLo 1
(PN R 2007 8 5 i 27d Hb 3 JEJE— HiHiLo 1
R, A 2008 8 7 fisE S| 44 Hb 4 J il — HiHiLo 3
pUNER e 2006 7 5 i 4/ Hb 4 J&JE— HiHiLo 1
X A 2006 6 5 i 4/ Hb 4 J&JE— HiLo 1
[T 2005 6 5 e 44 Hb 4 JH R HiHiLo 3
I A 2005 6 5 TEfE 4/ Hb 4 JEJEER HiLo 3
JE s A 2003 10 U SUji 4% Hb 3JAJA— HiLo 3
Ly 7 Ao 2010 10 '8 T 24.d Hb 4 A= HiLo 1
Lgil- 2011 8 xZ B R 44 Hb 4 JH R HiLo 3
ERIAE 2007 8 5 Rk 4/ Hb 4 JEJEER HiLo 3
T Az S 2019 10 5 S Bk 8 4 Hb 8 Jii i — Hi-Hi 1
T 250 2018 4 5 TEREE K 18d Hb IfE—K Hi-Hi 1
kg S5E 2018 6 xZ AEREN UK 18d Hb fJa—K Hi-Hi 1
o A 2014 12 ) TEfE 8 Jil Hb 8 JH AR Hi-Hi 1
L3, A 2011 12 7 e 44 Hb 4 JH R Hi-Hi 1
2 P 2010 6 b4 S 8 JH] Hb 8 JH Jil— Hi-Hi 1
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P/ S5 2010 12 5 il 43 Hb 4 JE— Hi-Hi 1
R 2010 12 5 TFk 44 Hb 4 FR— Hi-Hi 1
R et 4 2009 12 ) 3 5E 6 Hb 6 JaFE Hi-Hi 1
LY\ 2008 10 E: LAl 30d Hb 5K Hi-Hi 1
A/ 2008 7 z SNl 30d Hb 5K Hi-Hi 1
R 2007 12 5 i 4 Hb 4 JEJE— Hi-Hi 1
Pzt 2005 43 o ERENEK 45 Hb 4 JE R — Hi-Hi 1

2.2 GINSCRRGS R HE e R A 5 i 5.57 g/L, HiHiLo BF5¥ 4 3 I 5¢ o ik 1 9] ki

S X A A SRR Hb e FE 35 B (XeSD) JEA PERCR | M BESE 1 TH R 7.02 g/ £E Hilo Y144
RIS Ho Vi RE AR 7 96 26 Hb ot s pdyy 678 O/Ls HIMI BFSUTPAT & USR8 5 b 55 T
ff HEURRS Ho VR HEF B RE F it Py PR IRECRETHE S.57 ol

&2 MAXBERIERNREIRESRITER (X2SD)
Table2 The descriptive statistics of included documents’ outcome indicator(X+SD)
SRR S SCHRTSE Ho HeE

s ERS. PR MR Hb VI /(g L) Hb VR /(g LY) AR fAixt i /(g-LY) THigh
(IS 2a L 8 150.88+12.89 165.50+8.12 14.62+15.23 1
(IS 2a L 8 150.88+12.89 157.15+14.23 6.27+19.20 1
War, 2 5 5 131.00+3.79 160.00+10.44 29.00+11.11 i
e, A L 8 151.50+6.21 159.63+8.65 8.13+10.65 1
ZEZHER HitiLo E: 8 164.38+7.95 161.20+1.91 3.18+8.18 !
LR i@ 12 130.83+8.02 137.36+8.46 6.53+11.66 1
ARG, 55 3 8 145.25+9.18 136.63+7.63 8.62+11.94 !
e s 8 130.04+7.24 130.01+7.31 0.03+10.29 !
X, S L 7 132.29+7.57 135.14+7.78 2.85+10.86 1
GV 3 6 120.70+10.60 135.30+5.68 14.6+12.03 i
oz, A 3 5 135.50+10.12 159.00+8.54 23.50+13.24 i
X, 2 L 6 139.33+1.20 134.67+7.15 4.66+7.25 }
e, A L 8 149.38+10.54 151.67+0.58 2.29+10.56 1
=i HiLo L 6 126.30+5.32 143.80+7.35 17.50+9.07 1
JAg & 5 10 130.44+1.73 138.89+10.65 8.45:+10.79 1
i AEen i@ 10 135.33+7.92 126.89+8.54 8.44+11.65 }
Wi, e s 8 126.20+5.30 141.81+6.13 15.61+8.10 i
B g, 4 5 154.30+9.68 154.30+8.07 0.00+12.60 i
i e 5 10 139.40£17.79 152.25+22.91 12.85+29.00 1
gk —ng | S 5 150.90+11.80 146.30+10.00 4.60+15.47 !
k—ng | A i@ 6 143.30+£10.80 143.00+8.40 0.30+13.68 )
A A 5 12 156.00+11.32 163.40+10.24 7.40+15.26 1
Tk, 45 i@ 12 134.30+11.30 143.93+9.72 9.63+14.91 1
ZEfk , G5Rd r 6 134.00+8.70 126.6+10.00 7.40+13.25 !
B /N | 210 HiHi 5 12 151.83+0.93 140.54+0.99 11.29+1.36 !
RN L 12 154.73+4.36 157.58+6.88 2.85+8.15 1
SR 4Ee L 12 151.42+7.74 146.33+6.98 5.09+10.42 !
B/ N 5 10 145.60+8.98 152.6+8.69 7.00+12.50 1
/N s 7 130.15+8.69 132.69+6.13 2.54+10.63 i
A L 12 147.00+6.70 163.00+7.00 16.00+9.69 1
M ks 43 131.42+6.95 153.07+9.53 21.65+11.80 1
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HA] BEAEAE B AT AR i WO A T A AT

Meta Analysis
Study name Comparison Statistics for each study Std diff in means and 95% C1
Std diff ~ Standard Lower Upper
inmeans  eror  Variance limit  limit ZValue p-Value
@005 HiHiLo 1.357 0.555 0308 0270 2444 2447 0014 1—
%&(1)2005 HiHiLo 0462 0507 0257 -0531 1455 0912 0362
F(1)2009 HiHiLo 3693 1040 1082 1654 5731 3550  0.000
F2009  Hilo 2510 0846 0715 0853 4167 2968  0.003 -
[E3(1)2010 HiHiLo 1.080 053 0286 0031 2120 2017 0044
FE®2010  Hilo 0.307 0503 0253 -0679 1293 0610 0542 i
=zE2015  HiHiLo -0.550 0509 0259 -1548 0448 -1080 0280 =}
#F2017  HiHiLo 0792 0424 0180 -0039 1623 1869  0.062 O—
AARE2007  HiHiLo -1.021 0532 0283 -2063 0021 -1921 0055
®2008  HiHilo -0.004 0500 0250 -0984 0976 -0008 0993 Lr
*{#&F(1)2006 HiHiLo 0371 0539 0201 -0685 1428 0689 0491 =
*#&F2006 HiLo -0.909 0606 0368 -2098 0280 -1499 0.134 S
AE(1)2005 HiHiLo 1717 0675 0456 0393 3041 2542 0011
®RE2005 Hilo 2728 0802 0643 1156 4300 3401  0.001
FAEE2003 Hilo 1108 0480 0231 0166 2049 2306 0.021
Z£%2010  Hilo -1.025 0476 0226 -1957 -0.093 -2154  0.031
==m2011  Hilo 2724 0694 0482 1364 4085 3924  0.000
#T2007  Hilo 0.000 0500 0250 -0980 0980 0000  1.000 L d
AHE2019  HiHi 0627 0458 0210 -0271 1524 1368 0171 1 i
H—23(1)2018 HiHi -0.421 0715 0511 -1822 0981 -0588 0556 L
#—22018  HiHi -0.031 0577 0333 -1163 1101 -0054 0957 =
ZTF2014  HHi 0.686 0420 0176 -0138 1509 1632 0103 o0—
%2011 HiHi 0914 0429 0184 0073 175 2130 0033 _ =
=22010  HiHi -0.790 0599 0359 -1964 0385 -1317 0188 —T
BEF2010  HiHi -11.755 1745 3045 -15175 -8.334 6736  0.000
E#2010  HiHi 0.495 0414 0172 -0317 1307 1194 0232 L
;22009 HiHi -0.691 0420 0177 -1514 0133 -1643 0100 —
225(1)2008 HiHi 0792 0464 0216 -0118 1702 1706  0.088 o
S.%2008  HiHi 0338 0538 0200 -0717 1393 0627 0530 i,
E®2007  HiHi 2335 0529 0280 1298 3373 4411  0.000
EHE2005 HiHi 2506 0203 0086 2022 3170 8868 0.000
0524 0244 0060 0045 1002 2145 0.032 T T
1.00 050 0.00 050 1.00
Favours A Favours B

Meta Analysis
2 BITHES B Hb 7k F 30 M 8 K B 30 b 88 1Y 7R #K
Figure2 The forest plot of Hb level effect and overall effect in different researches
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Table3 The heterogeneity estimation results and different training mode effect

D K . g 95%CI GilliEs
Q 12 QB P
HiHiLo 10 70 0.601" [-0.013,1.215] 29.082" 69.053
HiHi 13 158 0.177" [-0.681,1.036] 124.150" 90.334 1.175 0.556
HiLo 8 61 0.892" [-0.136,1.920] 44.625" 84.172

TE:Q Zn LN 5 itk , QB FRn Al Al 5 bk

i X Hilo Y A5 0 4 o A, 45 R B .
(1) YN ZREs A Hb 2500 5 d=1.343,95%Cl
[-0.591,2.746],Q=16.689, 1=82.024 J& T K &% I & ;
Y25 v I B0 75 1) Hb %0 & d=0.456,95%Cl 4
[-1.147,2.069],Q=23.133, 1>=87.032 J& T H %5 5 1i
i, U AR I 2 b 5 30 B0 2Rl ol i B it (]
Hb 7K - 1 i 42 6 3% 84 #5 5 m FACA U1 2R K OF
(2) BN GRFFLLmt AL T 4 JRE, %% & d=-0.369,
95%ClI & [-1.674,0.936],Q=3.700, 1>=72.975% J& T*

TSNy Y YNZRAFEEET R A 4 JiRs, %00 & d=1.363,
95%CI “4[0.115,2.610],Q=29.918, 1=83.288% /& T K&k
N, BB Hilo BEUT | 2R 22 [ X Hb 7KF-5%
M) AT LR B E T, HUNZRRRELTal s 4
A F T m s sh 5 Hb KSE . (3) 5 1k Y kv
d=0.914,95%ClI *[-0.129,1.958],Q=23.345, 1>=78.583%,
J& TR A & 5 Lo PR & d=0.816, 95%CI
[-2.858,4.489],Q=19.847,1=94.961% , J& T K& )i
i, B T HO AR E T RN i, 2R AN
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Figure3 The publish bias funnel plot
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