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Effects of a 5-day hypoxic training on anaerobic and aerobic
capacities of elite female 400-m runners
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Abstract : Anaerobic and aerobic capacities are needed to enhance the performance of 400-m
runners. We previously demonstrated that a 7-day hypoxic training consisting of high-intensity
interval training and endurance training at submaximal load improved the exercise performance
(time to exhaustion) as well as anaerobic and aerobic capacities of female 400-m runners. Time to
exhaustion and capacities in a shorter training period could be beneficial for several athletes, but this
has not been examined. Therefore, the purpose of this study was to investigate whether a 5-day of
hypoxic training would improve duration time (time to exhaustion) and the anaerobic and aerobic
capacities of elite female 400-m runners. Seven elite female 400-m runners (Personal Best time:
53.9+1.2 s) were trained for 5 days (6 sessions). Anaerobic and aerobic capacity tests were performed
on the treadmill before (Pre) and after (Post) the intervention. The indices of anaerobic capacity were
maximal accumulated oxygen deficit (MAOD) and maximal blood lactate concentration (Lamax). The
index of aerobic capacity was the maximal oxygen uptake (VO:max). All subjects were trained in a
normobaric hypoxic room (FIO.=14.4%). The training consisted of high-intensity interval training
(five 30-s all-out pedaling) and endurance training (30-min incremental running and 30-min steady
pedaling). After the intervention, duration time significantly increased in both anaerobic (Pre: 13111
sec, Post: 149+15 sec, p = 0.02) and aerobic (Pre: 5.2+1.2 min, Post: 6.0+1.2 min, p < 0.01) tests.
MAOD tended to increase (Pre: 54.9+6.3 ml/kg, Post: 58.4+6.8 ml/kg, p = 0.05) while the Lamax
significantly increased (Pre: 19.5+3.3 mmol/l, Post: 21.5+2.6 mmol/l, p = 0.04). On the other hand,
the VO.max (Pre: 51.4+5.3 ml/kg/min, Post: 53.1+5.0 ml/kg/min) did not significantly change. This
study suggests that 5-days of hypoxic training was effective for enhancing duration time of anaerobic
and aerobic tests, and also anaerobic capacity in well-trained female 400-m runners.

Key words : high-intensity interval training, hypoxic training, maximal accumulated oxygen deficit,
maximal oxygen uptake, 400-m runners
F—T—FIEMEA YNV ML= KRR N L=, KRR,
e KR FARNGE, 400mAEZ

DB SRR Y I Y ML ¢ I A K-y B Y 8 — ) SR

" Niigata Agro-Food University, ” Tokai University, > Kansai University of Social Welfare, ¥ Japan Institute of Sports Sciences,

* University of Tsukuba

E-mail : ryo-yamanaka@nafu.ac.jp
ZAFH 120204 7 H 30 H
ZHH 20214 1 B 18 H

19



1. #8

BE b 3BEH 400 m FE DBFEF /N7 + — % ¥ A% ]
L&D DIZ, 400 m EOFEH ST+ —< VA
EERFE R ORISR S TE 7, =
PV F— A RICE B L7 eATifge cld. e gk
400 m FEEOBH ST + —~ v ATIE, EEREE
RE) & BMRFVERE D DM S ASEE & %2 5 2 L H3H
SM;ICENTWVSE Y 2Dz, 400 mEDHER
INT =RV AZREDDLDOIZE, TODODRE
NEBEDHLIENTEL N —= V2 FE T 5
CEPRETHLEEZOND, ZOWRRT %5
WHLZENTEL N L=V TOFFEO—D L L
T KBE ML — = ZAThbITw b, KEEHE
BRETCEMEASA vy — NV L —= v 7 2%
THI LK WEREMERRIDSBE T L EE R
55 60mEICBITLZRMO 10m DXHT A A
TEHl S N B/ S 7 + —~ >~ ADH LD 5
nNCwz "’ SH12, fx OREATIIZE ClakE B
FeAeF 400 m 35 X 08800 m EH & wf I, KR
FRIENICBWT, 4HOEREAS » & =N b
L=z 7L 5 EORKTMETORAR L —
—Z 7%, THMIZEIOMOYy ¥ a ¥ &L
7RG EERSRVERES) L OVE R R IERETT T A IR
2B BB R R S ERE N L — = v T
I ENENHELZZEZHELTWDE Y,
C OYATIIZE T, B L5 400 m 35 X U8 800 m
FEOBWHN T+ —< A ETHEEZ OGNS
BEEFEMRES DRI D — D TH 2 Il ih FLERIRE LA
4 mmol/l gD FEMEE, MERFEMRRTI DIRIETH 5
WRT V=2 787 — B L OCTRBFF O S i L
FRIEIEASI) L 722 & 2 MG LTwd WofiE> T
EEMERETICBITA ML —= 71, 400 m5E
B ST T A=V ARED DD, R%
WaFEo—2ThbEEZLNL,

JArFzE Y iR T HEE I Hn L —=
7N R R R N OV BRE MR ) O AT
OHLNTWEY, ZOWFZETIZREL NIV
FEMEBE L LTHO TS 20, B
HAE MY 7LV OEFIZBNTD FFRORIRD
ROLNDLDONENIHE LTI RV, 720 H

s

20

EN A VZP) B x5 F5hER: B S SN VAV
R—=VEELy—BLOFaF VL -2
Ty —HFETHLEEEITO WA, THH KD
bEMMOAEY EMT 22 L bdbA, L
NVOENEFEZFRELTT HE LD b
HCEEEEZ DL —= 2 TOEDPRD 5N DD EH
POV TR SNZZIFFRIE RS2 5 v, &
LI, SNETHENMBORERE N L —= 2 72 &
5 ERRRIERE I DO ZEALIZAE H L72IETid, =%
WE—FHEE Y 27 5 —< AT A P OFERD
SRS NT28T — DRk H VMY s b R FE I RE )
A L T B 05, EEERVERED) & 5 5 1
BO—2TdHh b KEEFEM (Maximal accumulated
oxygen deficit: PL'F MAOD) 7% % L 7-#f7Ei1L A
M725 70,

Z ORI T, P i H AR E BRI
F400mEFENZELT, PL—= 7 HIH
ZRIROSATHIZE L 0 b4 L7z 5 HM Tk L
A BWT Y, ERRMERE B X OEBRRYE:
R ET 200G 2 M35 2 L2 HIY
& L7zo RIFZETIE. EREMEDOREL L
C MAOD 3 & UM s il P FLIR I FE % F v AR
FURE O L L Tl RMBFIEIE % V72,
72, MEEEVERE B X OE BRI & SIS
L BB ORI & FALEllE L, KRS b
L— =V 7 ORifETHE Lz, & 512, KEEE b
L ==Y I L BRENOZITEAES R S
D Z EBEATIIE CHE ST b0 ¥, (KER
F ML= I X A DKW BT H DZqb=
MR A & L b IS, FHEEE OZLEO R
WZOWTHMRETHZ L FHIE L,

I. &

1. #eERE

PEBRZE, B bR 400 m FE R BT L5 ER
Ay RS L IS AT HARRE: FBGET
MR TAET D LIV o AR 1 18
7% (WEE A-G) Tholz. HREDFHE X
UHRIE, 2224327 B LM 1643+3.6 cm (13
fE+ZHGE) Th o7z WhEE D 400 mEDH



HARMNY TV XV T 400 m EHEZ MR L SHEORBERE ML —= 27

Clcmiekid, 5395128 Th o7z, #HERE 74
F2AICBWTIE, SNFTIREERE N L —=
Tk R LIRS ) . 20D 5 12BN T
GREER P L — =V T OFER_PHND TTH - 72,
EERZET L, 2 TOWRE ICEROBE., WA
BLOEREIZOWT TSI EITV. B0
LRz £/, WBREDPRREOYE. Bo
&S 72 BWERE I, MSERTO 24 B I2
BWC, MLWEE), 7Vva—VBI0h 7oA
Y OB T D L) IHRR L7z, RERIL, H
VAR=I R 7 — 1B AR RS
DABAEAFTHEMIL 720

2. FEBRTIHA

BRI L, BAREEMZ T EEELNRE LT
s A P IR R RS T T L — =0 7%
T, Zonits (Pre: 2 MG, Post: 7 H%) 12,
UTFICRE T 522007 A MOllE T hEh3E
Mil 720 Post 7 A FDFERDY 4 IV 7 (FL—
SV ZMIEET O T B & defrrge Y i
WEE L7z, IRBRERBE T TO ML — = 7id,
FHNCEREA V7 — VL —2 0 7%, Tk
WK TBRECORAME N L —= 0 7%, 5 HH
IZFNFNO ML —=> 7% 3u (Day 1, Day
2, Day3) ¥o, El6Enty v arzEfil7
(Mo ML=V Z7ORHIZIZFHROEY V=
YOAREFERL. 2 HHER U 4 HEIZIZTFRIRD

FHROMBIZ L —= v rkyvarzEnEn
FERiL. 5 HHIZIEFRIOE Y ¥ a » Ok % FE
L72e PL—=rZ7®3 HBICIEEIREO BB
ThrL—=v 7% EL Ve ekE] % %
7o ETORMEE ML —= ¥ 7id, g
v PRIIREE & B 3,000 m A (R AUE SR
TERE © 14.4%) \ZRRE L WERBERE ML —=
TENTHEM L7z, &HEBE LS HEO ML —
=V 7S BT, AR CEY 2 KEEE b
L= UMD ML ==y ZEERL VLD
IR L7z 2B S HHMO ML —= > 7
BWCHERE OIEITEEE RS L Lz, E7-.
SHE® ML —= 2 7T %205 Post Jll%E F
ToO7HMIE, BKBEEEHETTOML—=2 271
LAEFAOLEESELEHNE LT, EED b
L=V T ORERT S L) iR L7z

3. fb—=v7

FEREEA v & — NV b L— =V 7iE, RS
HEZH. T )L I A — % (Power max V III, Konami,
Japan) Z T, 30 O ETIRF) v 7ES)
ZASHEOKEERATS vy ME_TSLDT
Hotz. BEIEAMIZ. v MEIEED 75, 6.5,
55,45 BX35%kp & LTz TA—3I VT Ty
TEEL, EED 3.5%kp OEB)E T T 80 rpm O
HWENZ SHME L, T025BLU 450N
IZBWTH S BB OETRY) & 7R 2 Tht

HIIT HIT HIT

AM -Dayl- -Day?- -Day3-
pM | ET ET ET
-Dayl- -Dayz- -Day3-

Days 1st 2nd 3rd Ath 5th

Figure 1. Schedule of hypoxic training. HIIT: High-intensity interval training (five 30-s all-
out pedaling), ET: Endurance training consists of 30-min incremental running and 30-min

steady pedaling.
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Table 1. Values at pre and post tests and the rate of change by hypoxic training in anaerobic capacity test.

Duration time Maximal d oxygen deficit Maximal accumulated oxygen deficit pre body weight Maximal blood lactate concentration
Subjects pre post rate of change pre post rate of change pre post rate of change pre post rate of change
[sec] [sec] [%] mn m [%] [ml/kg] [ml/kg] [%] [mmol/I] [mmol/I] [%]
A 127 156 228 3.82 3.96 37 63.3 69.1 9.2 16.6 174 48
B 127 170 339 272 3.25 19.3 44.0 529 202 14.9 18.8 26.2
C 147 154 48 2719 3.03 85 55.3 59.3 72 182 213 17.0
D 148 156 54 2.92 211 -5.3 53.0 50.3 -5.1 224 25.0 116
E 120 128 6.7 2.80 3.04 8.8 49.5 534 79 205 229 117
F 122 126 33 347 3.36 -3.0 57.1 56.6 -0.9 243 233 -4.1
G 127 154 213 3.35 3.77 125 61.8 67.4 9.1 - 21.9 -
Average 131 149 14.0 3.12 331 6.4 54.9 58.4 6.8 195 215 11.2
Standard deviation 1 15 11.0 0.39 0.39 8.0 6.3 6.8 75 33 26 9.4
Coefficient of Variation 0.08 0.10 0.79 0.12 0.12 125 0.11 0.12 110 0.17 0.12 0.84
p values (pre vs. post) 0.02 n.s. (0.09) n.s. (0.05) 0.04 (n=6)
Cohen's effect size (d) 137 0.49 053 0.67
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Figure 2. Relationship between the rate of change from the value at

pre to post training in duration time during anaerobic capacity test
and maximal accumulated oxygen deficit (MAOD).

Table 2. Values at pre and post tests and the rate of change by hypoxic training in aerobic capacity test.

Duration time (incremental exercise) Maximal oxygen uptake Maximal oxygen uptake per body weight
Subjects pre post rate of change pre post rate of change pre post rate of change
[min] [min] [%] [I/min] [1/ min] [%] [ml/kg/min]  [ml/kg/min] [%]
A 6.0 7.5 25.0 3.56 3.63 2.0 59.0 634 15
B 4.0 5.0 25.0 3.04 3.16 3.9 49.1 514 a7
[ 7.0 7.5 71 2.81 2.67 -5.0 55.7 523 -6.1
D 4.5 5.0 111 2.55 2.71 6.3 46.3 493 6.5
E 5.0 5.5 10.0 2.69 2.73 1.5 47.6 479 0.6
F 3.5 4.5 28.6 273 2.98 9.2 44.9 50.2 11.8
G 6.5 7.0 77 3.09 3.20 3.6 57.1 57.3 0.4
Average 5.2 6.0 16.4 2,92 3.01 3.1 51.4 531 3.6
Standard deviation 1.2 1.2 8.7 0.31 0.32 4.1 5.3 5.0 5.4
Coefficient of Variation 0.23 0.20 0.53 0.11 0.11 1.34 0.10 0.09 150
p values (pre vs. post) < 0.01 n.s. n.s.
Cohen's effect size (d) 0.67 0.30 0.33
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Figure 3. Relationship between the rate of change from the value at

pre to post training in duration time during aerobic capacity test

(incremental exercise) and maximal oxygen uptake.

Bf# B O Day 2 |28 A I FLER ML FE 13, Bk
EB ML= SRBRICE R BT Loz
RN RIZ 2 o 7272 0ME Lo 7o BBRE A
O Day 1 |28V} 2 BRIMAEFZ AR (L. W52 bas
DAL VPEST B Z LR 1o T2,

6121k, HEEI VI X—% 2 Hu/mkKT
RIETOEAM N L—2 v 71281 5 % HBED
1L LR O FE % O Bl R AL % 3% B T E > fil & 7R L
720 BiERE BIE, Day2 l2BW T Ly FI V%
Hw/ b ==y ZBOFRARRICE ) v T
A=Y ERWIRHANE N — = 7R FER L %
o7

V. E%

A7 CIZ, SHET6 MOEHBEN L —=
T & o T B LR H AR FEER LT 400 m
B OMBERIERES) . AREFEVERET 1IN 13 % o2
LBhEBE Lz, S50, EBENL—=v 712
LB EADREII OZALHE S L OFRMEEH 0ZA1L
ROBRIZOWTHIRET L7z ZDO#EA, 400 m
EZOBHST + —~ v AIZEEL 7 bW
BB B L OHMRRMRE 25 M L 727 A+ 0EH)

26

PR A, EME L —= 2 ZIlE o TENE
NABIER L., ZOMREVZNENKRB LD
HCThotz, 7o, EEEEMRET A F TR, K
N L —= v 72k o T i FLERE o
HFERMELHFERETZR L, MAOD (fk#E Y
720 OFHXHE) AN A A & R RER E R L
7o WEREAE 2 OIREEE b L — =2 712X B &
SEIHH OZAL 2 WET L 7ok R, IEEERMERE)) 7 A
I O E B R R O 2L IE MAOD DAL=k &
DRICH B % EDOMMBRZ R L7225, MAOD
OEALEE L M LR E O 2L L OMIZIZEE
LHBEBERDTRO SN b ol HEERMERE T
AT, EBENL -0 712k T KB
FHENEITHE R ZLD RO SN holo. BBk
Tl 2 DIBE R R L7k R, KRN L —=
X A EMFEET A b O EB R 021t
R AT E DL E OMIZITAEBERIE
DB RO STz,
AWFZETHV 72 5 HIEZ 6 [0l & v ) S Ok
HENL—= 2 7I2L 5T, MAOD 2% L 72
HEREFEVERE)) 7 A N RO BB B £ ORK
M FH G 2 W8 L7 AREMER T A MO



HAEDN Y 7LV F 400 m EHEZ S RIZL SHOKBEE ML —=2 7

Average power [watt]

550 p

SO0

450

400

200

700

600

400

300

200

220
200
180
160
140
120 f &
a3
100
&
gp L
Blood lactate concentration [mmol/l]
5 ¢ [ IR R |
0 F
15
Fay *
Fi
10
1st 2nd 3rd dth Sth 1st 2nd 3rd 4th 5th 1st 2nd 3rd 4th 5th
Dayl Day2 Day3

Figure 4. Changes in average power, peak power, peak revolutions
and blood lactate concentration during hypoxic high-intensity
interval training (five 30-s all-out pedaling) over three days.
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Figure 5. Changes in blood lactate concentration and arterial

oxygen saturation during incremental running with hypoxia over

three days.
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Figure 6. Changes in blood lactate concentration and arterial

oxygen saturation during 30-min steady pedaling with hypoxia

over three days.
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