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Development of optimal hypoxic training program using oxygen saturation
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The present study determined the effect of difference in inspired oxygen
during sprint exercise on arterial oxygen saturation (Sp02) and metabolic responses. There was no
significant relationship between blood lactate. Moreover, the present study was designed to
investigate the difference of Sp02 during sprint training under hypoxia on muscle oxygen consumption

and muscle blood flow. No significant relationships between changes in Sp02 and muscle oxygen
consumption and muscle blood flow.



¥ X C—19. F—19—1, Z—19 ({5m)

1. WFFERRME S P DT 5

TAY— MO xR nE LiREmRDO NL—= 7 0—2l2 [EiRFE L —=r
7 EFLND, HEEEH N L —=0 7 IXRNOBBIRE 2 AN THNHE U8R EE T Tl S
N, HEEHEIXINE T KEBE N L —= 0 VDB EBIRRE T CREEO b L—=2 7 % E i
LA LB LT, EEREENZUWES L 2L BRHNDO S ) a—4 & KIgICHEm S
BHZERERHSLNCLTE 72 (Kasai et al. 2015, 2017, 2019), VT4E CIXMEEESENERE D
YT DN BN EHER S SN TS (Faiss et al. 2013, Hamlin et al. 2017), & 512,
WERRFEMRE oM FEARbWnWE LEEBRZE L —= 7R o ha—L (FL—= 27
FEOIER) - KB &) PR EN7-— T (Brocherie et al. 2017)., EiEQREREEE £ T
BIRE LTHLMZEN TV, b L—=0 R E2 8 L% < OSATHEClt, — ol
FIRE (14. 5%H1R) BHWHINTWD, Lo L, REEREREE T 123617 2 BRI SR S FnEE (Spo,)
DIRTFOREIZREBRBAENAOND ZEEBETDHE, KEENL—=U 7B D EH
RBFRE LR T D LTI, —HBOBERE TIERSMEAD Sp0, DZAUIZIERT 5 Z &M
HETHD,

2. WROBEW

AW TIL, Sp0, B JE L7 AREER BRI T2 D) - kL —= 0 V)RR NERE ) Ot
(CRIET R A BT L, Sp0e & WM KfigR b L —=0 77 0 7T AE T ICiRE
THIELEEHNET D,

3. WrED Ik
(DAFZE 1 ARERSREBREE T C O EIREEBIRF IS 351 5 Sp02 DiE WA EBRIRE I KT T2

PR 1T, BE DEEEIEOH 5 BEEREGET 11 4 CEMfE SRR Flp, 20.520.2
W%, B, 173.3£1. 2cm; {KE, 78.3%3.0kg) & L7z, T XCOYEREFIIH LT, AFIED [
) THM) ThHE) MG Ttk TARFRICE D g AR 2 rEe N CH L, 21
iRz 7%, ARMRERICL Y REZEICEL 25,

B0 % A DOBRFEEREE T (5 3000m = 14. 4%54F. 12& 2500m = 15. 4%, & 2000m =
16. 4%51. 1S Om = 20. 9%5&fF) 2R ITDMEL ., TNEIERD BIZHEM LTz, AWMLY
TNTTA L R, 7 aAF—"—F WA U TE L, R4 THOZBRRIRE IHRE 23—
Bi7R Le o 7o, BEBRE X 7 MFEMERL IR 20 2 7o~ A 7 24555 U N LERBEHEEEE 42
TH00L DHE T FZ ANy ZIZHBLNUORE LR D 4 DOMFEEBRA LT,

PR 1T ERRE R L LR ISR DM REARORIER, HED Y+ —I 7T v 7%
FhiLTc, VA—IU T T v THET b 0 DARIER L@ EBEEOWA LG L, 10 55
WL Uiz, ZD% AU —KBligd /)L 3 X —# (Lode Excalibur Sport ergometer, Lode
) ZHWTRAT Y > NEE) (6 RSN X V7 X 58y b, &y MEIKRE 30 7)) &5
L7z, ZNHOEEEZ 1 Eyvardl, 10 50MOKREEZATI By arEiaLiz, 72
B.EBRE I TANTOy 2B LTRSS TEET L L0 IR L, By v a JHOR
BEHIZNZENORETFICBWCHIRE T LI A —4 FCRFZHER L, BB T 5 0% % T
ENENORE FCLEEE LI SO —2 L0 e\ UV —B X0y —2HH LT,

HERTB L Oy v a VR THEBZRICB W TREL D BRI X 28 M A2 Fi L, LIRS Hres
(F7T =712, T—7 AR 2 Cl P LB 4 2 [AHIE L. £ O % JIE



EE Uiz, EEBAAGRT O EEE TR E T, ZFORFEL Y Sp0, (PULSOX-300i, ===% = /)L
A & 1 BEHERICEIE L7z, HR X, VA v L ABLLFE (M200, POLAR ELECTRO £
&) ZANT I REIGEBICHE Lz, 512, vy va UK TERIC, RV A r—1L%
FAWTRER 35 L OV T BRI 381 2 B0 77 1% A 74t L 72,

TRTOMBRIL, FHE (means) = FEHEFRZEE (SE) TR L7c, MIEHE BT 2 REHERREIC
2 SEHMEOZDOREICIE, KEREIZ L D ol EO S8BT (two-way ANOVA) AW, A
BRRAZHAER (Gt X W) F723 TR (GfE FFE]) 37 D72 BRICiE Tukey—Kramer
Ik D BEERRIEEITo 72, Sp02 & ZDOMOBEIEHERE & OEMREZ BT 572012, ©7 Y
v ORI Z KD T, AEARMEITT TS h& L,

QFFZE2 . FL—= FICIIT S Sp02 IZHESW KRR N L —=1 F DORhE

PRI, B OETEEO & 5 L MEEREORTF 7 4 & L7z (s, 21. 811, 2 7%, & X, 160.9
+1.9cm, KHE, 62.6%3. 1kg), T XTOHERE TR LT, AWF5ED TEF) TAR [H51E) M
A HERRME ) TARBFEIC L 0 5 ARIZE ) 2 30EE NEACHMP L, A2 5E-%. BENE
B LY RIEFICEA G

==V 7 ARNCHERE 2 FE L, Tkt 3 HEEZRTChL—= R0
MEZIT o7z, MEO N —=0 ZRHZBIT DWW AR, 14. 5% (1 3, 000m FH24) & L
7o BlL—= 71213 A U —KHERH T LT A —% (POWER MAX V-III, CONAMI SPORTS &
LIFE #H8) 2 vy, RIRETI_Z ) > 7idE8 2 3B - 2 8 (6 R|) [2bFEfiLz, &
RTO == 7%, ENOBFREDGIE TR AN TRGEENTEML, =|iki% 20C0& L
7o BAICEIT DIEFRIRE I L O LR FEIR IR RIS G HI S 4L, BEsR IR OIS U T
EROPEH D BB ST,

O hL—=2 7 TliE, 6 RO AEY 7% 30 B OKREZT TS5 &y MT9 R
RIGREZ Y 78 E 1y var e L, 10 pBOREEA T3 By g /séb‘ml/to %
— =7 BhE 10 DRETB LN bL—=0 7 T 10 3IEAN LREENTEHIZ LT, &5t 6 [
D hL—=2 7% LT, EEBEFRERE T ~ORIREER MK 360 4 f@otﬂ@@kv—:/
Twiardbiz 604y), £l-. NL—=U O T 3 — 77 v TRRMENCITE F O
7> B B IR % 52 A Fn B (Sp0,, PULSOX-3001, :w\/»ﬁﬁﬁaéﬂmbtoit\74%v

WmmﬁmmoPmMEmmmﬁﬁaéﬁwfumﬁ%li CHGEICHIE Le, s,
BRI, BmEEY ORFRB L OHIREEI 2 MR T 5 X )| %rbt

%v~:/7%%%% W BRI AT Y o M T A NEFER LT, 26T _XTOT A Ml
WIRHRRGE T TITWV., Mr—=U 7 HIRRICB T 2R ATY o T A MEIFL—=0 7
T 72 IR (3 HIR) ICEME L7z, b L—=2 7 HIMAIRICE T D K IRIEOELORRE & g L
oo WU—T A A= EHWT, HEOU+—I 77T v 7% Lz, TDk, 6 PRlO4
TREY 7% 30 EOIRE AT T 5 By MIORBIXRMZY o 7Ef% | Eyiavd
L. 10 M OKRBEFRA TS o va U Eh Lz, WBREIZIET A b & L CRoRE ) Tl
THEOIHER LT, BoNeT =2 L0 f@m\U—, PR T—Z R LTz, EERT, £t
v ¥ URETIERS, EEHE T ER, EEHE T 15 3% - 30 IR, AMUAFRIZ IS T D it A
HIE Uiz, $£7z, AT, EEE TER, EEE T 16 21% « 30 &R, AMARHRIZ IS T Dk
FHEEZNE L, ZNOOMEIXL T v o VIR S L OUINE2EE (D. E. Hokanson £l
FOUSA) & HWTHIE Lz,

T RTORERIL, means£SE TR LTz, BIRIIRAT Y o b7 A MIBIT 5T —DEDM

B, KERIEIC LD il @O Bmoir 2 v, AEARZEER (N —= 78l X &



v M) EREFEDR(NL—=27HI/, &y M) DBARLNFRITIE TukeyKramer JEIC K 5% E
R E 21T - 72, Wit X O BER 1 B O 2 OREIE, ERIEIC X 5 ZJtldE o5y
Botra v, BAERZEEM (M L—=0 78I X K £33 FEDR( b—=2 7 HiH,
IR 37 HAVTZBRICIE Tukey—Kramer {EIC K 2 ZEILEIREA1T > 72, BRI COZEALEORE
i, SISOV t REZE HWz, BRAMEITT TS %& L,

4. BFSEAR

() AFFE 1

ST — (XIEB OEITICHEWVE R T L2 (P<0.01), AERLEEH (P=0.15)
BLOKMETOTRE (P=0.15) ZHbIRNoT-,

1 120% Sp0y 38 L N FLERIR FE DHERS 27~ LT=, Sp0, D EHIMEICIE, AESRZAEER (P=
0.01) BIOTLE (] £<0.01, &fF: P<0.01) BBAEbNTZ, 2 TOE YT a IZBWn
T. 3 DD ﬁ%#(MA%l&%\MA%Mﬁﬁ%&%%@&%ﬁbfﬁ%’ﬁﬁéﬁbt
(P<0.05), I PLEEIEE I EEICENEEIC B L2y (PC0.01), WTFROEEAIZBWT
HLARUHIOFBEZEITRO bvehodz (P = 0.54),
1. FL—=UVHRBRTRICET2HMFELS L UHBREES

tyiav 20.9% 16.4% 15.4% 14.4%

1 92.5 + 0.6 88.1 =+ 0.8* 87.2 + 0.8* 87.5 + 0.7*

SpO; (%) 2 92.8 + 0.6 88.5 = 0.5% 86.7 = 0.8* 862 = 1.0*

3 924 + 0.5 88.4 + 3% 87.0 = 1.0* 87.4 = 0.9*

JEBE) I 2.1 £ 0.2 1.9 £ 0.1 1.9 £ 0.2 2.0 £ 0.2

o 1 8.0 £ 2.7 83 £ 1.8 9.0 £ 1.9 9.1 + 1.8
FLEAYEE (mmol/L)

2 10.1 + 2.8 109 £ 1.9 11.3 + 2.6 123 + 1.8

3 11.5 £ 3.0 11.8 £ 2.5 122 + 44 11.9 + 34

*; P<0.05 vs. 20. 9%.

(Wikg)
10.0
(2) B 2 os] +

hL—= U FHRHZEIT D Sp0, DEEIHE 96 -
X 89.1+2.9%Cdh-o7-, hL—=27H 941
RT3\ CEM LKA 7Y v 2]

9.0 4
FF A MBI 5Ky Y2 v OFHS o] %____#A%’,,/,é
Ul b == JHTE L THEIS 8.6

HWmLz (X1), 8.4 1 —rhb—:>2§
8.2 1 O fL—Z=VFHiI
8.0

tyiay 2yiar 3tkyar
1. FL—Z U HMAIRICE 1+ F/ T —
*; P<0.05 vs. kL—=" 7.
M REIE L —= ZRTE R LT, 2By v a VERB L UHEBEZICB W THEICREZ
AL (R 2), MRARBEERILI ML —=C ZETE LT, EE TEZICBW T RICHE
LTz,



x2. FL—ZUJHMRIRICE T AHMRES S UVHBRREES

EEn] EER T ER BERTI50% EBRTI09%

e

i fL—=> 7 0.223 + 0.063 1.255 £ 0.362 0.551 £ 0.202 0.528 + 0.143
BiRE

(mL - min” - 100g™) )
FL—=v2% 0195 + 0.060 1.632 + 0.528*  0.621 + 0.207 0.415 + 0.063

e FL—=> 281  0.044 + 0.002 0.274 + 0.042 0.179 + 0.021 0.123 + 0.024
MMRHES

(mLO, * min” - 100g’l) .
fL—=v % 0.070 = 0.009 0.437 + 0.050* 0.210 + 0.022 0.198 + 0.019

*; P<0.05 vs. kL—=2 .

<5 SR>

(D Faiss R, Leger B, Vesin JM, Fournier PE, Eggel Y, Deriaz 0, Millet GP. Significant
molecular and systemic adaptations after repeated sprint training in hypoxia. PLoS
One. 8: e56522, 2013

@ Hamlin MJ, Olsen PD, Marshall HC, Lizamore CA, Elliot CA. Hypoxic Repeat Sprint
Training Improves Rugby Player’ s Repeated Sprint but Not Endurance Performance.
Front Physiol. 8: 24, 2017

® Brocherie F, Girard 0, Faiss R, Millet GP. Effects of Repeated-Sprint Training in
Hypoxia on Sea-Level Performance: A Meta—Analysis. Sports Med. 47(8): 1651-1660,
2017

@ Girard 0, Brocherie F, Millet GP. Effects of altitude/hypoxia on single— and
multiple—sprint performance: A comprehensive review. Sports Med. 47: 1931-1949, 2017

® Girard 0, Brocherie F, Goods PSR, Millet GP.An Updated Panorama of “Living Low—
Training High” Altitude/Hypoxic Methods. Front Sports Act Living. 2:26, 2020

® Kasai N, Mizuno S, Ishimoto S, Sakamoto E, Maruta M, Goto K. Effect of training in
hypoxia on repeated sprint performance in female athletes. Springerplus. 4: 310,
2015

(@ Kasai N, Kojima C, Sumi D, Takahashi H, Goto K, Suzuki Y. Impact of 5 days of sprint
training in hypoxia on performance and muscle energy substances. Int J Sports Med,
38: 983-991, 2017

Kasai N, Mizuno S, Ishimoto S, Sakamoto E, Maruta M, Kurihara T, Kurosawa Y, Goto
K. Impact of 6 consecutive days of sprint training in hypoxia on performance in

competitive sprint runners. J Strength Cond Res 33:36-43, 2019



74

2019

74

2019

JSEI

2020

2020







